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Foreword

Internationalization of research and development has accelerated significantly in the 1990s
and 2000s. Much of this activity continues to take place among major industrial econo-
mies. Developing countries are, however, also playing increasingly important roles. India
and China are rapidly emerging as major powers in this century, both in terms of the size
of their markets and in a wide range of science and technology developments.

This study provides a strategic review of economic and R&D developments in India. It
examines key trends, drivers and future prospects for R&D with a special focus on India’s
emerging role as a center for research and knowledge processing service industries. The
study also discusses scenarios for India’s emergence as a major economic and R&D power
and subsequent local and global consequences.

The work asserts that current weaknesses in data and a lack of substantive examination of
corporate developments in India highlights a major need for further and more in-depth
analysis of Indian-related science and technology development. It is important to foster
well-grounded knowledge on the nexus of longer term economic and technology related
development in India and its international context. It is also argued that it is essential to
move beyond fact-finding and general discussions, to move from words to deeds, in fos-
tering India-related economic and technology relations among key stakeholders in the pri-
vate and public sectors.

This report is based on a series of works by the author, Raja M. Mitra, covering economic
and high-technology industry developments globally and in India in particular. Producing the
study entailed research and interviewing numerous prominent experts and policymakers. The
author is solely responsible for the contents and conclusions of this study.

Ostersund, July 2007

Suzanne Hakansson
Director Policy Intelligence
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Executive summary

India’s potential as a major economic power and R&D-related center

India is predicted to become one of the world’s leading economic powers. This poses new
challenges for international firms and others willing to take advantage of India’s
development. It also increases the need for proper knowledge about India’s corporate
environment — its strengths, constraints and the implications for Sweden, Europe and the
rest of the industrialized world.

India’s share of the world’s population is 17 percent, but it accounts for less than 2 percent
of the global GDP and only 1 percent of world trade. It lags behind China and other
emerging East Asian economies in key indicators such as per capita income, adult literacy
rates, quality of infrastructure endowment and volume of foreign trade and investment.
While India is the star performer in Asia in terms of export of software and 1T-enabled
services, it lags behind in computer and Internet user penetration. ICT diffusion, however,
has improved quickly.

A wide range of indicators point to India’s potential for catching up in economic,
technology and social development. The country’s adult literacy rate, for example, has
increased, the number of engineering students has risen and the proportion of poor people
has decreased substantially over the last few decades.

However, it must be noted that India’s economy predominantly continues to concentrate on
absorption of existing technology rather than development of new R&D or innovation at
the global knowledge frontier. The country has much to gain from increased absorption of
existing knowledge by promoting economy wide transfer and diffusion of local and
internationally available technology. There is considerable scope for more effective
absorption of existing knowledge by expansion of foreign investments and trade, building
effective capacity among Indian corporations, public education and research institutions
coupled with various forms of collaboration between Indian and foreign partners.

The Indian economy is expected to grow at a rapid rate of 6-10 percent between 2007 and
2012 and beyond. By the year 2032, China will have the world’s largest economy,
followed by the U.S. and India, according to a well-known scenario presented in the BRIC
report released by Goldman Sachs (Goldman Sachs 2003). In terms of purchasing power
parity (PPP), even today India’s GDP is already the third largest in the world after the U.S.
and China. While much of the country is likely to remain poor and industrially backward,
other parts have the potential to grow as fast as China or other East Asian economies.
Some urban areas are increasingly integrated in the new global knowledge-based economy
as demonstrated by the cases of Bangalore, Chennai, Delhi, Hyderabad, Kolkata, Mumbai
and Pune.

The prospects for continued growth in production as well as in R&D operations in coun-
tries like India (and China) indicate a major structural change in the national and interna-
tional economic order — the full consequences of which are hard to foresee today. In India,
we already observe a rapid expansion in corporate high-technology investment from both
foreign and domestic investors, particularly within the ICT sector. Furthermore, India has
the ambition and potential to be a major player in business processes, innovation and R&D
power. The potentials for cost savings and access to technical competency and markets are
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among the most important factors underlying the drive for multinational companies to
expand their production and R&D operations in India.

It is also essential to grasp how and why India’s rapid economical and social development
is constrained by a wide range of societal conditions, and understand that the pattern of
economic development continues to be uneven. This is illustrated by India’s major cities
being well ahead of the rest of the country in economic development and the fact that their
economies are becoming increasingly integrated with the global economy.

Higher education and R&D institutions capabilities

A wide range of indicators point to India’s potential for catching up in economic and social
development. The country’s adult literacy rate rose from 58 percent for men and 31 percent
for women in 1985, to 68 percent for men and 45 percent for women in 2000. Moreover,
the numbers of engineering students graduating annually have risen from about 44,000 in
1992 to approximately 184,000 in 2004 compared to 352,000 for China and 76,000 for the
United States. Other estimates claim that India produces about 350,000 engineering
graudates per year and that this number will reach 1.4 million by 2015.

The principal factors pointing to India’s potential to be a major R&D power are the size of
its educated workforce, entrepreneurial traditions and a significant existing R&D-related
institutional infrastructure. On the whole India has made major advancement in all of these
areas in the past decades. Assessing this advancement (as well as prevailing deficiencies)
and comparing them to developments in other countries is however hampered by weakness
both in quantitative and qualitative information. Even official sources sometimes give
completely disparate humbers on important parameters such as, for example, the number
of graduates in India

Corporate R&D-related developments

India’s emergence as a major economic, knowledge-based services and R&D power will
clearly have wide-ranging local and global consequences. The imperative to specialize and
internationalize R&D operations is driven globally by intensifying international competi-
tion, rising costs of R&D in advanced industrial economies and the scarcity of engineering
and scientific manpower. In this context the increasing complexity of R&D and the need
for rapid responses to changes in technology, legal and regulatory frameworks and markets
are also important. At the same time, the attractiveness of carrying out R&D in India or in
its emerging high-technology industry clusters is increased by the growing availability of
innovative entrepreneurial, scientific and engineering skills and manpower at competitive
costs, the ongoing globalization of manufacturing processes and service delivery, and sub-
stantial and fast-growing markets.

The impact of India’s development is poised to be significant in major sectors such as ICT,
industrial manufacturing and in other areas such as engineering, energy, agriculture, envi-
ronmental technology and life sciences. Continued rapid growth is also expected in IT-
enabled services, spearheaded by developments in the software industry, coupled with
those in ICT hardware and telecommunications. These services include the higher-end,
knowledge process industry niches (e.g. finance, accounting, insurance, education, health
and other services). The knowledge process outsourcing industry has considerable growth
potential in a wide range of areas. It may well employ more individuals than traditional
R&D operations within the next five to ten years.
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The years 2005, 2006 and 2007 were characterised by a major shift in the scale and scope
of India-related corporate operations. Indian and foreign companies announced investment
plans on an unprecedented scale by Indian standards. Multinational companies have
pledged investments of 8.6 billion dollars in the telecom and information technology sec-
tors in India for the financial year 2005-2006, including large new investments by compa-
nies such as Cisco Systems, IBM, Intel and Microsoft. IBM alone plan to invest 6 billion
dollars over a four year period, some of which will be R&D related.

The focus of multinational company high technology investment in India has to a signifi-
cant extent to date been ICT-related. It is however important to note that expansion also
encompasses other knowledge-based sectors as well. It has been estimated that even the
major global pharmaceutical companies will invest 1.5 billion dollars in India between
2006 and 2010, much of this also R&D related. Moreover, a large number of foreign and
Indian companies plan major investments in, for example, engineering, financial and legal
services. Another major development is in foreign firms stepping up their acquisitions in
India while Indian IT, pharmaceutical and other companies are doing likewise outside of
India. Indian companies (as well as the Indian diaspora) have recently emerged as signifi-
cant entities in, for example North America, Europe, the Middle East, and East Asia.

The central role of networks, industrial clusters and the diaspora

The development of networks and high-tech industry clusters has been fostered by improved
communication and by the Internet in particular. The mobility of qualified and talented
human resources within India and internationally has also been one of the prominent
attractions for high-tech industry and R&D developments in India.

The rapid development of industrial clusters has been a central factor in the growth of the
software and 1T-enabled services industries in India, especially in the export sectors of those
industries. Initiatives by the central governments to establish software industrial parks were
pivotal in this respect. The Indian government has promoted development through industrial
clustering in IT, biotech, and engineering and in other fields. These initiatives include
launching new special economic zones (SEZ). In May 2005, the Indian Parliament passed
legislation providing new tax and labor laws, plus other incentives for private investment in
SEZs. These zones are intended to be engines for export-oriented growth in a wide range of
goods and services industries. They will also attract offshore outsourcing business, resulting
in a large number of industry clusters serving global markets.

Bangalore, Delhi, Mumbai, Pune, Hyderabad and Chennai have so far been the most pre-
ferred destinations for R&D in India. Factors such as the combined presence of foreign
companies, research labs and educational institutes have made these locations attractive
centers for R&D operations. The strength of the attraction of locating R&D activities to these
cities has been demonstrated by continued, rapid corporate expansion in all of India’s major
industrial centers, despite the major local challenges of physical infrastructure bottlenecks,
environmental degradation, high attrition rates, wage inflation and social problems.

The development of the software and business process outsourcing industries in India il-
lustrates the importance of skills development and networks. India’s initial entrée into the
software business has much to do with its access to a large pool of low cost human resources.
Subsequently the country also developed a significant number of vendors capable of meeting
high quality standards and conducting R&D. A key feature of the Indian talent is that it is
much more globally mobile than labor in general. Indian’s account for more than 40 percent
of the temporary work visas issued by the United States to foreign workers. Further, the
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Indian diaspora’s long-established success in the United States has played a central role in
facilitating the flow of talent back-and-forth between India and the United States. In short,
the Indian diaspora is playing an increasingly important role in a wide range of knowledge-
based industries in North America, Europe as well as Asian economies.

Challenges for India and multinational companies

India is a major player in the so-called “global war for talent” in the knowledge-based in-
dustries and in research. Generally, foreign multinational companies and major Indian
firms are able to recruit and retain much of the top-level talent in India. They typically
offer high salaries and advanced training, combined with attractive international career
opportunities — advantages most domestic companies are often unable to match. The
demand for skilled human resources is rising in India, illustrating that the competition for
talent is growing more and more intense within the country and globally.

In many respects, India is still in an early phase of development in the areas of the high-
tech industries and international R&D. There exists considerable scope for building on
strengths and tackling weaknesses in the national innovation system and the corporate in-
vestment climate. Challenges include the critical needs of improving the physical infra-
structure and the education system, laws and practices governing labor markets, taxation,
land and real estate development, intellectual property rights and general functioning of
government institutions at both the central and state level. Moreover, it is essential to build
private-public partnerships, expand foreign investment and enhance the role of the Indian
diaspora and other forms of international collaboration.

Considering these challenges, India can still emerge as one of the world’s principal centers
for offshoring of knowledge processing, R&D and high-technology industry investment
and trade within the next 10-20 years. Multinational companies and Indian parties are al-
ready developing the capabilities of the country to undertake production-supportive and
adaptive R&D and design work, as well as developing innovative means of undertaking
knowledge processing work and R&D. The motives are that the cost of not having com-
prehensive strategies for developing economic and technology relations with India (and
China) will prove to be significant, especially for companies with global aspirations.

Increasingly multi-faceted Swedish-Indian relations

Economic and technology relations between Sweden and India lag behind countries like
China and Japan. Trade and investment links however between Sweden and India are
poised to expand substantially in the long-term. This also applies to R&D activities by
Swedish companies in India. In addition, Indian companies’ operations in Sweden, and
other European countries, are also on the verge of more substantive expansion, implying a
new phase of development of economic and technology relationships.

Continued concerted effort is required to invigorate science and technology (S&T) links
with India. This includes the implementation of a coherent S&T development strategy and
concrete measures are required from both the Swedish and Indian governments, as well as
academic and corporate stakeholders, to expand economic S&T collaboration schemes
between the two countries.

Swedish industry has a long tradition of exporting to, and producing goods locally in India.
These activities have gradually expanded and now often include production as well as sales
directed at both the Indian and other markets. Furthermore, from 2003 onwards there have
been significant expansions in R&D activities by Swedish companies in India. Indian pri-

10
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vate and public sector companies have a significant interest in acquiring technology from
Sweden, covering a wide range of areas. Indian companies are now increasingly active in
seeking trade and in offshoring business opportunities, including business process out-
sourcing and R&D-related operations.

The Swedish manufacturing industry is also gradually expanding its activities in India.
Now, manufacturers often include production as well as sales directed at both the Indian
and other markets. Over the last few years they have also expanded their R&D operations
in India and several now have both adaptive R&D to serve local market requirements and
innovative R&D that is mostly aimed at global markets.

The following companies have established and expanded significant R&D operations in
India in the 2000s: ABB, AstraZeneca, Ericsson, Sandvik, SKF, Telelogic AB and Volvo.
Alfa Laval and Atlas Copco are well-established players in the Indian market but do not
conduct significant R&D in the country. Svenska Handelsbanken decided to open a repre-
sentative office in India in 2006 and thereby became the first bank from a Nordic country
to do so (Svenska Handelsbanken 2006). Other Swedish banks, accounting and manage-
ment consulting firms and other services providers have, however, little or no BPO-KPO
operations in India.

Large companies, such as Ericsson and ABB, dominate Swedish R&D activities in India.
Other major multinational companies are often well-placed to establish R&D operations,
as they already have significant sales and production operations in India. The situation is
different for small or medium enterprises (SMESs) or newcomers. Swedish SMEs typically
do not have significant production or R&D activities in the country. They often lack the
financial resources and local knowledge required to set up in-house R&D centers in Asian
locations. There are however, signs that SMEs are looking at India more seriously.

It is important to distinguish between short and long-term developments. In the short term
it is not likely that India can be one of the top economic and R&D partners for European
countries such as Sweden. India’s importance needs to be viewed in terms of its long term
potential as a large market, both for capital and consumer goods and as the center for a
wide range of R&D operations. Larger Swedish-related companies need to be more in-
volved with both India and China simultaneously — as illustrated by Ericsson and ABB,
who have R&D centers in both locations.

A number of important initiatives can foster economic and technological relations between
Sweden and India. Swedish efforts should include the following:

1 Strengthening the monitoring, dissemination and promotional activities covering eco-
nomic, cultural and S&T developments in India in order to develop Swedish-Indian
relations and thus enable development of a comprehensive strategic agenda for
economic and S&T relations between Sweden and India.

2 Strengthening education ties and partnerships in skill development.

3 Strengthening research collaboration under the official bilateral S&T agreement and
supporting the development of public- and private-sector partnerships such as work-
shops, exchange fellowships and joint research projects. On the private side, corporate-
led commercial and R&D-related collaboration efforts between Swedish and Indian
entities should also be encouraged.

4  Strengthening collaboration especially in critical technology areas such as software
and telecommunications, biotechnology, bio-pharmaceuticals and infrastructure.

11
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Finally, it is essential to move beyond fact-finding and general discussions; to move from
words to deeds. It will indeed require persistent efforts, with appropriate high-level
endorsements and warranted funding, to make the significant expansion of economic,
science and technology collaboration between foreign and Indian parties a reality.

12
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1 Introduction

1.1 Background

The geography of innovation and of corporate knowledge-based industrial and research
operations in particular, has changed significantly in the 1990s and 2000s. Much of this
activity continues to take place among major industrial economies. Developing countries
are also, however, increasingly playing important roles (UNCTAD 2005a). India and
China are likely to become major powers, both in terms of the size of their markets for
goods and services and in a wide range of science and technology (S&T) developments.
Judged on the basis of recent trends, it is evident that the world economy will undergo
further structural changes, resulting in a greater role for emerging Asian economies and in
an expanded scale and scope for globally distributed R&D-related work; India being a
prime example (Mitra 2007).

India has witnessed strong economic performance, with a robust growth in both the goods
and services sectors especially, in the 2000s. This development has been accompanied by
rapid expansion in domestic and foreign corporate high-technology industry investments,
particularly in the information and telecommunications technology (ICT) sector.! The pros-
pects for continued growth in production as well as in R&D-related operations in countries
like India (and China) point to a significant structural change in the national and international
economic order — the full consequences of which are hard to foresee (Mitra 2007).

However, it must be noted that India’s economy predominantly continues to focus on
absorption of existing technology rather than development of new R&D or innovation at
the global knowledge frontier. The country has much to gain from increased absorption of
existing knowledge by promoting economy wide transfer and diffusion of local and
internationally available technology. There is considerable scope for more effective
absorption of existing technology and knowledge by expansion of foreign investments and
trade, building effective capacity among Indian corporations, public education and
research institutions coupled with various forms of collaboration between Indian and
foreign institutions.

The fact that more companies (American, European, Indian and others) have increasingly
internationally distributed systems for undertaking R&D is part of a broader set of
globalization processes reflected in foreign trade, investment and human resource
developments, covering not only goods production but also a wider range of services. This
development is well illustrated in the expansion of corporate R&D in India and the role of
the India diaspora is poised to result in further increases in the scale and scope of high-tech
industry production and R&D operations in India. The trends, as seen in expanded corpo-
rate R&D in India, imply that India is becoming a key element in the international R&D
operations of multinational companies, with stronger efforts in R&D emerging as the key
factor in the competitiveness of Indian companies.

It can be argued that India’s contemporary trajectory regarding industrial and S&T devel-
opments is significantly different from earlier experiences of economic catching-up in

LICT is defined here as computing and communication equipment, software and services and
communication services, including Internet connectivity, broadcasting and media. The definition of
IT (information technology) is limited to computing equipment and software services and their
related applications in various sectors.

13
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Europe and East Asia. Unlike past experiences from Japan and most other countries, off-
shoring-oriented corporate expansions, led by both multinational corporations and indige-
nous companies, have been key drivers in the rapid emergence of high technology centers
and industries in India since the 1990s; the software industry being a prime example. In
addition, development in India’s high technology industry is taking place in an era where
the Internet and a wide range of global and local alliances and virtual networks are espe-
cially crucial in R&D and for innovation development, as well as more generally for eco-
nomic and social development.

The confidence in India’s R&D potential is evident from the following statement made by R.
A. Mashelkar, Director General of the Council of Scientific and Industrial Research (CSIR)
in New Delhi: “India has the potential to become the number one knowledge-producing
center in the world by 2025, going by the way that things are moving” (Mashelkar 2003).
Furthermore, the importance of the private sector and local connections in India’s S&T
development has been examined by Professor Y.S. Rajan. He states that ““Scientific and
technology strengths of a country are meaningful only when they come out as economic
strengths through the business of the firms and through operational systems which can
serve people”’(Rajan 2001).

India’s emergence as a major economic, knowledge-based services and R&D power is
poised to have wide-ranging implications for the people of India and globally. These include
effects on trade, investment, employment, the environment and trajectories for national
industrial and technological developments.

The impact is poised to be significant in major sectors such as: information and communi-
cation technology; industrial manufacturing; construction and other engineering industries;
agriculture and in the life sciences (covering pharmaceuticals, bioinformatics, medicine and
healthcare). Furthermore, continued rapid growth is expected in IT-enabled service (ITES)
areas e.g. business process outsourcing (BPO), including higher-end knowledge processing
industry niches such as finance, accounting, insurance and education. This growth is
spearheaded by developments in the software industry coupled with major investments in
ICT hardware and telecommunications by both Indian and foreign companies.

India, China and other emerging Asian economies have become significant destinations for
the R&D operations of multinational companies. A McKinsey survey of 5,500 senior cor-
porate leaders of large corporations worldwide (each with revenues of at least one billion
dollars) revealed that India is the preferred destination for investments in R&D; one-third of
the European corporations surveyed also shared this opinion. This is evident in repeated
instances of companies opting for India, in preference to other locations, for their offshore
R&D operations (FICCI 2005).

An Economist Intelligence Unit (EIU) global survey conducted in 2004 found that multi-
national companies are redistributing their product innovation activities across the globe.
Some 70 percent of the companies surveyed employed R&D people overseas; 52 percent
reported that increasing overseas R&D spending was a priority. When asked to choose the
most likely centers for overseas investment, India ranked third (behind the U.S. and China),
attracting 28 percent of the respondents (EIU 2004a and 2004b).

Furthermore, the EIU survey found that 70 percent of companies employing R&D workers
overseas considered India to be a R&D “hotspot.” EIU defined a R&D hotspot as “a place
where companies can tap into existing networks of scientific and technical expertise;
which has good links to academic research facilities; and provides an environment where

14
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innovation is supported and easy to commercialize.” India is claimed to have many of
these qualities (EIU 2004a).

U.S. companies have so far taken the lead in expanding the offshoring of services to India,
both at the lower and higher ends of the value added chain. Much of Europe and Asia have
lagged behind the U.S. corporate sector in establishing R&D operations in India. There are
however strong indications of a rapid expansion of R&D activities by a large number of
stakeholders. This is illustrated by the way that British, Canadian, Chinese, German, Swedish
and other companies are expanding their operations (offshoring and others) in India.

In short, in recent years a common perception has been that India can emerge as a major
international R&D and knowledge process outsourcing (KPO) power and more effective
absorber of existing technologies, products and manager of business origanizations. This is
reflected in the statements of top corporate leaders, financial institutions, consulting firms,
government officials and academics. The optimism exhibited by key stakeholders has
resulted in the expansion of R&D operations of foreign and Indian companies, directed at
both the local and international markets.

India does still have a long way to go before it can claim to be one of the world’s principal
powers in R&D and innovation. Some scholars partly question the sustainability of current
trends of high economic growth and rapid expansion of multinational corporate R&D in-
vestment (Kapur 2005, D’Costa & Sridharan 2003). Many stress the possible risks associ-
ated with uneven development and the sharp socio-economic disparities within the coun-
try. These risks are associated with increased foreign financial and other dependencies, as
well as weaknesses in the system of governance at central and state levels. Others point to
signs of institutional decay and erosion of the human talent base in some areas of science,
including basic, or theoretical, research (Arunachalam 2002).

International trade, investment and principal R&D indicators show that India is a minor
player in the global context despite its large population. Future developments critically
depend on forceful action by government and corporate stakeholders to build on opportu-
nities and strengths, while simultaneously responding to risks and tackling shortcomings.
Albeit the challenges, the country appears poised to become an eminent player in R&D and
innovation in an increasingly wide range of areas.

1.2 Study objectives

The objective of this study® is to provide a strategic review of corporate R&D develop-
ments in India. It examines key trends, drivers and future prospects for R&D with a special
focus on India’s emerging role as an attractive location for R&D and knowledge process
service industries. The work also explores the numerous factors that constrain development
of India’s R&D capabilities, such as human resources and infrastructure developments, the
intellectual property rights legislation and compliance conditions, and overall corporate
and public policy and governance issues. Finally, the report discusses scenarios for India’s
emergence as a global R&D power and subsequent local and global consequences, includ-
ing implications for advanced industrial economies such as Sweden.

The intended audience for the report comprises the education and research community,
government agencies and public policy as well as corporate decision makers.

2 This report is based on forthcoming publications by the author covering economic growth,
globalization, offshoring, R&D and ICT industry-specific developments in India and their local and
global implications.

15



INDIA’'S EMERGENCE AS A GLOBAL R&D CENTER

1.3 Methodology, information sources and terminology

The method of enquiry for this study is that of historical and comparative review. The
work uses descriptive (and some aspects of exploratory) research design. The examination
is based on a critical review of published information as well as insight stimulating exam-
ples, such as company level case studies, including findings originating from semi-struc-
tured interviews conducted in India, Europe and the United States.

The study draws on a wide range of published information sources and a large number of
interviews with private companies, government officials and scientists in India, Sweden,
the United Kingdom and the United States. The analyses of company-specific develop-
ments based on journalistic reporting and interviews are necessary in order to provide a
more comprehensive picture and to ensure that the examination is relevant and up to date.

The examination uses both quantitative and qualitative source materials. It draws on au-
thoritative sources such as national accounts, industry and manpower surveys and legal
documents. The analysis is however hampered by weaknesses in the information regarding
corporate R&D and innovation, tacit knowledge, including -un- codified indigenous
knowledge assets and formal, as well as informal, networks, in addition to the role of the
Indian diaspora in India and internationally.

The lack of substantive qualitative and quantitative analysis of R&D inputs and outputs,
corporate behaviour and private entrepreneurship, high-tech industry clustering and local
and international virtual networks implies a need to define and assemble indicators and
methods of analysis which are the most relevant to examining R&D developments in India.
More, generally it indicates the need for further research (Mitra 2007). This task is not
easy, due to the complexity of the issues involved and the deficiencies in the existing data.
There are also major issues in coverage and consistency in the use of terminology (see
Box: Defining R&D, offshoring and outsourcing).

Box: Defining R&D, offshoring and outsourcing

Definition of R&D. “R&D” consists of four types of activities; basic, applied, product and
process research.

* Basic research is original experimental work without a specific commercial aim;
frequently done by universities.

* Applied research is original experimental work with a specific aim.
* Product development is the improvement and extension of existing products.
* Process development is the creation of new or improved processes. (UNCTAD 2005a)

The boundaries between research, development and other forms of technological
innovation activities are difficult to establish in reality. R&D data based on different
definitions must be compared with caution. Furthermore, “R&D” is related to the broader
notion of innovation. Innovation can be defined as the introduction of new products,
services or processes into the market. The term is used to cover both the creation of new
technologies (new to the world) and the use of existing technologies (new to a particular
user or market). In this context, R&D can be seen as “one source of innovation or a
particular type of innovative activity” (Karlsson 2006).

Defining outsourcing and offshoring: The terminology relating to sourcing, outsourcing,
offshoring and in-sourcing has not been standardized. Generally the term “outsourcing”
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refers to procurement of material inputs or services by a firm outside the original firm.
Outsourcing can be domestic (onshore) or international (cross-border or offshore). This
report focuses on international offshoring or outsourcing. Offshoring, or offshore
outsourcing, is defined as procurement of service or material input from a source in a for-
eign country. It includes both intra-firm offshoring (in which the foreign provider of the
input is still owned by the firm) and arms-length offshoring (in which the foreign provider
of the input is independent from the firm using the input). International outsourcing
(offshoring) is part of a country’s import of goods and services (Amiti M. & Wei Shang-
Jin 2004 and Mitra 2007).

14 Varied images of development

Perceptions about India are often varied, reflecting the country’s great diversity and varied
views among different stakeholders, as well as deficiencies in existing data.

Attempts to benchmark India’s social, economic and S&T developments based on readily
available official statistics, journalistic writing, various consulting companies and other
reports are useful, but can be misleading. While the number of publications relating to
R&D, high-tech industrial and offshoring developments are growing, much of what is
written is based on incomplete data and analysis of Indian realities. Much of the litera-
ture falls short in distinguishing and explaining the correlations and causality of factors
driving and impeding high-tech industry and R&D development. There is a scarcity of
the comprehensive and reliable information needed to assess R&D related institutional
frameworks, sector and company level developments. Moreover, it is hard to come by
rigorous analysis covering the interfaces between global, national and sub-national levels
of development that are central aspects of high industry and R&D developments in India
(Mitra 2006).

Studies seeking to describe and analyze India’s overall science and technology system and
achievements are often based on sporadic, outdated and scattered Indian or foreign reports.
A few studies, with specific purposes, have been undertaken, at different points in time, to
evaluate the performance of institutions based on various S&T data; for example, in the
context of restructuring scientific institutions. There are, however, a lack of sustained and
timely quality efforts at the national level in producing up to date and systematic informa-
tion and impact assessments regarding the development of India’s multi-facetted S&T
systems (Shukla 2005).

As rightly pointed out by Rajesh Shukla, ““Unfortunately, no systematic and
comprehensive empirical assessment of S&T efforts is available in the Indian context,
resulting in a relatively chaotic and contradictory picture of national efforts in S&T”
(Shukla 2005). This is reflected in the widely noted duality in the images of Indian science
and technology achievements.

On the one hand, India displays major advancements in areas such as, for example, soft-
ware and the aerospace industries. On the other hand, however, India ranks quite low, as
per indices based on S&T related development-related indicators such as the World Bank’s
Knowledge Assessment Methodology (KAM), the World Economic Forum (WEF) and
other ranking indexes.? If not used carefully however, such indices can be erroneous and

*The World Economic Forum (WEF) annually published Global Competitiveness Report provides
comparative indices on the competitive strengths of over 100 countries, including India. Its report
includes two major indexes: the Growth Competitiveness Index (GCI) and the Business

17



INDIA’'S EMERGENCE AS A GLOBAL R&D CENTER

inadequate “‘Although such rankings reflect genuine challenges to the successful growth of
S&T achievements in India, several scholars have also questioned the ability of such indi-
ces to adequately, accurately and comparatively reflect underlying conditions™ (Shukla
2005).

Benchmarking limited to international comparisons of per capita indicators of income, size
of domestic markets, foreign trade and investment, differences in ICT and in other infra-
structure developments, education attainments rates, R&D spending and patents filed, for
example, can indeed be erroneous and inadequate in projecting the true, or complete,
picture. They need to be supplemented with a more in-depth, issue specific, examination
and historical and dynamic analysis.

India lags behind much of the world according to frequently quoted standards of per capita
level economic, social and technology development indicators (World Bank 2006). It is,
however, essential to keep in mind that absolute size matters in several ways. This is re-
flected in terms of the geographical expanse of India, and in the size of its population,
many of whom are poor and lack access to basic healthcare and education. Low per capita
income and other indicators, coupled with social disparities and uneven economic devel-
opment more generally, also, however, indicate major scope for advancement. Moreover,
India has a proven record in rapid development in the high technology industries and in a
wide range of R&D activities, despite the fact that large parts of its population lag behind
in social and economic development. The principal underlying reasons include the absolute
size of the pool of people with higher educations, coupled with a wealth of knowledge
based formal and informal networks (Mitra 2007).

Additionally, it must be noted that comparing large countries with small countries, or ho-
mogeneous and heterogeneous societies, can be misleading. Social and economic devel-
opment indicators in parts of India are comparable with those of Sub-Saharan African
countries. In other parts, however, the economic performance since the 1980s has been
comparable with fast growing East Asian regions. Some areas of India have done as well,
or even better, than the high technology industry development star performers of recent
years, like Finland, Israel, Ireland, and Singapore (Mitra 2007).

In summary, there are major weaknesses in the existing data and analysis of economic and
R&D-related developments in India, including corporate led developments. This has con-
tributed to a proliferation of misperceptions or seemingly contradictory images. Moreover,
it is important to note that it is especially hard to examine and generalize about India, given
the country’s great diversity of cultural, social and economic conditions.

Competitiveness Index (BCI). The World Bank Institute’s Web-based Knowledge Assessment
Methodology (KAM) is a tool developed to aid the benchmarking of a country’s position relative to
others. Related to this is the Knowledge Economy Index (KEI), also used in the World Bank’s
reports. The United National Development Program’s (UNDP) Human Development Report,
published annually, ranks countries with a major weight being placed on human resource
development. The United National Conference for Trade and Development (UNCTAD) has
developed an Inward foreign direct investment (FDI) performance index, which ranks nations by
the FDI they receive relative to their economic size; calculated as the ratio of a country’s share in
global FDI inflows compared to its share in global GDP. Furthermore, A.T. Kearney has developed
an annually updated Foreign Direct Investment Confidence Index which has been frequently quoted
in the context of India-China comparisons.
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The varied images of India are reflected in the perspectives of various stakeholders. While
some focus on the impact on the Indian economy at large, including the poor and rural
areas, others focus specifically on the impact on well-educated, urban-middle and affluent
business classes. Yet others are more concerned with the implications for foreign consum-
ers and multinational companies.

This study argues for the necessity of holistic and long-term perspectives to comprehend
high-tech industry and R&D developments. We need a multi-dimensional perspective in
order to understand the prospects of India becoming a major economic and technological
power. This perspective must include an assessment of the country’s current global posi-
tion in economic and technology development, as well as a review of the historical phases
of change in the contemporary structure of Indian society and in government policy devel-
opments.

The current report uses a wide range of published information, but goes beyond an under-
standing based on official indicators recorded by government agencies (R&D spending,
number of engineers and scientists, patents and publication indices, foreign investment,
trade and other statistics), as this data is incomplete and can be misleading.

This study represents a critical evaluation and synthesis of knowledge and information
from a wide range of published sources, but also presents fresh data and insights. In so
doing, the study attempts to provide a coherent and balanced examination. Furthermore the
report elaborates on principal gaps in the available information and points out the need for
further research on a wide range of developmental (and other) issues covered.*

* A comprehensive report with a broader and more in-depth coverage of economic and high-tech
industry developments, North American, European, Chinese, Indian and other corporate
development, and specific policy and strategic implications for India and stakeholders world-wide
is also being published by the author. See Mitra (2006b) “The rise of India as an economic and
R&D power” (forthcoming).
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2 National science and technology development

2.1 Economic development in comparative perspective

Economic and social development catch up

India’s share of the world’s population is 17 percent, but it accounts for less than 2 percent
of the global GDP and only 1 percent of world trade. It lags behind China and other
emerging East Asian economies in key indicators, such as per capita income, adult literacy
rates, quality of infrastructure endowment and volume of foreign trade and investment.
While India is the star performer in Asia in terms of export of software and I1T-enabled
services, it lags behind in computer and Internet user penetration. ICT diffusion, however,
has improved quickly, as demonstrated by the rise in the number of Internet users, from
less than one million in 2000 to over 50 million in 2006. This humber is projected to reach
over 80 million by 2010 (NASSCOM 2006 and Internetworldstats 2006).

A wide range of indicators point to India’s potential for catching up. The country’s adult
literacy rate has risen from 58 percent for men and 31 percent for women in 1985, to 68
percent for men and 45 percent for women in 2000 (World Bank 2006). The ratio of In-
dia’s population living below the poverty line, as measured by the National Institute of
Rural Development, has decreased from 55 percent in 1973-74 to 26 percent in 1999-
2000. Moreover, the numbers of engineering students graduating annually have risen from
about 44,000 in 1992 to approximately 184,000 in 2004 (NASSCOM 2006), compared to
352,000 for China (China Statistics Yearbook 2004) and 76,000 for the United States
(Morgan Stanley 2005). Other estimates claim that India produces about 350,000
engineering graudates per year and that this number will reach 1.4 million by 2015 (Bound
2007).

The demographic profiling of India, with about 54 percent of the population under 25, is
favorable to prospects for rapid economic growth. The demography of India points to good
prospects for high economic growth for several decades ahead, which is not the case for
most advanced industrial economies and China, for example.

The Indian economy is expected to grow at a rapid rate of 6—10 percent between 2007and
2012 and beyond. By the year 2032, China will have the world’s largest economy (in terms
of GDP at market prices), followed by the U.S. and India, according to the much publi-
cized scenarios presented in the BRIC report released by Goldman Sachs (Goldman Sachs
2003). In terms of purchasing power parity (PPP), India’s GDP is already the third largest
in the world, behind the U.S. and China. While much of the country is likely to remain
poor and industrially backward, other parts have the potential to grow as fast as China or
other East Asian economies. Some urban areas are becoming more increasingly integrated
within the new global knowledge-based economy, as demonstrated by the cases of Banga-
lore, Chennai, Delhi, Hyderabad, Kolkata, Mumbai and Pune.
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Table 2-1 Population, literacy, R&D, and global integration indicators for selected countries.

Population Adult Researcher  Expenditure  Trade in Gross
illiteracy sin R&D on R&D goods foreign
investment
Million % people Per million % of GDP % of GDP % of GDP
aged 15 people
and above
2004 2000 1996-02 1996-02 2003 2003

India 1,080 43 120 0.85 21.1 0.8
China 1,296 16 633 1.23 60.1 45
Indonesia 218 13 . . 44.9 17
Korea, Rep. 48 2 2,979 2.53 61.6 1.2
Malaysia 25 13 294 0.69 174.8 5.8
Philippines 82 5 . . 94.3 0.6
Thailand 64 5 289 0.24 109.4 17
Brazil 184 " 324 1.04 25.1 21
Ireland 4 . 2,315 1.13 95 59.5
Israel 7 . 1,570 5.08 61.6 5.1
Japan 128 . 5,085 3.12 19.9 1.0
Singapore 4 " 4,352 2.15 297.8 18.6
Sweden 9 . 5171 4.27 61 9.7
United 294 . 4,526 2.66 18.5 3.0
States

Source: World Development Indicators (WDI) 2005

.. stands for not available in sources consulted.

* WDI 2006. The World Bank.

22



INDIA’'S EMERGENCE AS A GLOBAL R&D CENTER

Table 2-2 GNI, telecommunications, PC, Internet density and ICT expenditure for selected countries, 2004.

GNI* GNI* Main tele- (Cellular PCs per Internet ICT expenditures
phone mobile 1,000 users
USD Billion [USD lines per subscribers |people per 1,000 (9% of GDP |Per capita
per capita (1,000 per 1,000 inhabi-tants USD

US$ Billion people people
India 673.2 620 41 44 12 32 3.8 24
China 1,938.0 1,500 241 258 41 73 4.4 66
Indonesia 248.0 1,140 46 138 12 32 3.1 37
Korea, Rep. 673.1 14,000 542 761 545 657 6.5 924
Malaysia 112.6 4,529 179 587 197 397 6.7 316
Philippines 95.1 1,170 42 404 45 54 6.4 67
Thailand 158.4 2,490 107 430 58 109 3.6 91
Brazil 551.6 3,000 230 357 105 120 6.3 208
Ireland 139.6 34,310 496 929 494 265 3.7 1,653
Israel 118.0 17,360 451 1,090 741 471 7.8 1,349
Japan 4,734.3 37,050 460 716 542 587 7.6 2,732
Singapore 105.0 24,760 440 910 763 571 9.9 2,498
Sweden 322.3 34,840 769 1,034 763 756 7.0 3,370
United States |12,168.5 41,440 563 1,021 749 630 9.0 3,595

Source: World Development Indicators 2006.

* Gross National Income.

Foreign investment and trade expansion

India has lagged behind the major industrial nations, East Asian and other economies in the
growth of foreign direct investment (FDI) and trade over the past decades. India currently
trails behind China in FDI and high-tech trade, although official data understates India’s
position.” There are signs that India is picking, up as manifested in ICT-related FDI as well

® A more rigorous examination of the Chinese and Indian foreign investment and high-tech trade
development points to underlying differences in the developmental path of the two countries and the
fact that there are major weaknesses in the official data as reported by the two countries.

Official Chinese FDI data is believed to be overstating the real inflows in view of round-tripping of
Chinese capital to take advantage of favorable tax treatment of FDI. Indian official figures on FDI
inflows have traditionally not followed the IMF’s BOP Manual. In India, much investment takes
place in companies in the form of reinvestment of local profits by foreign affiliates in the country
and there are also inter-corporate debt flows. These flows have not been accounted for in Indian
FDI inflow data (Kumar 2005). As of 2006 the Reserve Bank of India does however publish data on
FDI which includes reinvested local profits from foreign affiliates in India. It should also be noted
that statistics on India’s high-tech trade, as reported in international trade statistics, is incomplete
and not comparable to Chinese data, one issue being the incomplete coverage of the import and
export of software and other high-tech industry trade.

Furthermore, while Chinese data for FDI inflow is higher than for India (even after adjusting for
differences in official data) this does not explicate a number of underlying differences such as the
larger size of the Chinese economy and foreign trade, as well as the disruption of foreign business
operations in China after the communist revolution and the subsequent surge following the
introduction of market oriented and open door policy reforms. India in contrast to China has a

23



INDIA’'S EMERGENCE AS A GLOBAL R&D CENTER

as in exports and imports. FDI inflows to India have increased, from 5.3 billion dollars in
the financial year (FY) 2004/05, to 7.5 billion dollars in FY 2005/06, and are expected to
reach 10 billion dollars in FY 2006/07 (RBI 2006 and The Economic Times 2006a).

Furthermore, it should be noted that Indian companies (as well as the Indian diaspora) have
begun to emerge as significant investors in North America, Europe, East Asia and else-
where. The United Kingdom is a prime example of this development. Indian companies’
investment in the United Kingdom has increased from a trickle in the late 1990s to a major
force in the mid-2000s. Indian companies’ nearly doubled their investments in the United
Kingdom during 2005-06, thereby becoming the third largest overseas investor in that
country. According to the UK Inward Investment Report, Indian companies invested over
1 billion pounds during 2005-06. While ICT remained the dominant sector for UK invest-
ments, there has also been strong growth in investment in pharmaceuticals and engineering
(The Economic Times 2006c¢).

Indian companies have indeed begun to emerge generally as more significant international
investors. This is shown in their acquisition of software, pharmaceutical and automobile
industry related companies in several countries. Some of these investments have had a
noteworthy R&D component. Moreover, much of the expansion of foreign and Indian
company operations has resulted from strategic alliances, i.e. non-equity-based collabora-
tion for which no official data is available. Rapid expansion of strategic alliances between
foreign and Indian companies has been a central ingredient in the development of the In-
dian software product and services industry.

Furthermore, foreign institutional investment (FII) plays a significant role in India. This
reflects India’s developed financial and private enterprise system and investor confidence
in a wide range of Indian companies. FII inflows to India have risen sharply since 1999,
although with significant cyclical fluctuations as noted, for example, in 2005 and 2006.
Annual FII inflows exceeded actual FDI inflows to India by a wide margin in FY 2004 and
FY 2005 (RBI 2006).

India has emerged as an increasingly prominent destination or foreign investors in the
2000s. According to the Foreign Direct Investment Confidence Index 2005, compiled by
A.T. Kearney, China is the most preferred FDI location, followed by India, the U.S. and
the U.K. China and India are also the most preferred countries for future R&D invest-
ments, with slightly more than 40 percent of CEOs indicating they will likely make such
investments over the next three years (A.T. Kearney 2004a and 2005a).

Moreover it should be noted that India is ahead of China in terms of software, and in busi-
ness and knowledge process outsourcing. India’s share of the world market in offshoring
of software and IT-enabled services was 25 percent in 2001 (UNCTAD 2004). India has
continued to be ranked as the most attractive location for offshoring KPO and 1T-enabled
services, well ahead of other emerging powers in this field, such as China, Malaysia and
the Philippines (A.T. Kearney 2004b and 2005b)

The expansion of foreign investments in India in 2004, 2005 and early 2006 was prominent
in most sectors, including infrastructure and energy related areas, automotive components
and high-tech industry production and R&D. According to Mr. Dayanidhi Maran, India’s
Minister of Communication and Information Technology, planned FDI in the ICT sector in

continuous history of FDI as well as strategic alliances between local and foreign companies (Mitra
2007).
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the next 3—4 years, as announced by companies in 2005, amount to over 9 billion dollars; a
dramatic increase over previous years (Business India 2006).

Historical and comparative understanding required

Perceptions about India are often varied, reflecting the countries great diversity and varied
views among different stakeholders, deficiencies in existing data and understanding of
long term historical development processes. As pointed out in the introduction, attempts to
benchmark India’s social, economic and S&T development based on readily available offi-
cial statistics can be useful but often proves to be erroneous or inadequate. Benchmarking
limited to international comparisons of per capita indicators of income, education attain-
ments, R&D expenditure, number of patents etc. does not suffice to access R&D develop-
ment and potential. They can be deceptive unless they are supplemented with more in-
depth, holistic and historical perspectives.

A balanced assessment of India’s economic and S&T development performance must be
based on in-depth dynamic understanding of how development takes place over time. India
continues to lag behind Western and East Asian countries in social and economic spheres,
especially if benchmarked against per capita indicators. It is however essential to take note
of the fact that there have been major improvements in social and economic development
indicators since India gained its independence in 1947. It can indeed be argued that India’s
advancement has been faster than was the case when continental European countries were
transformed into modern industrial economies. It is important not to forget that it took
Western countries hundreds of years to reach their contemporary stronghold in higher edu-
cation and R&D, to establish a modern physical infrastructure, governmental and legal
frameworks and institutions. It also took them a long time to find solutions to the problems
of urban congestion, pollution, social disparities and disruption resulting from transforma-
tions into modern industrial economies.

Moreover the following have to be kept in mind in understanding the scale and scope of
India’s economic and S&T related developments (Mitra 2007):

* Absolute size matters. A singular focus on per capita numbers implies a risk of missing
the point that much of India’s comparative advantage in economic development, and
R&D in particular, relates to the large absolute size of its economy, the size of its pool
of educated labour, entrepreneurs and the scale and broad scope of competency repre-
sented in its education and R&D-related institutions. In a large country like India ab-
solute numbers are often very large even though the country tends to lag behind in in-
ternational comparisons limited to per capita statistics. On the other hand, comparisons
singularly focusing on absolute numbers, e.g. number of graduates, size of the popula-
tion, etc. can also be misleading because of failure to sufficiently acknowledge social
and economic disparities, or uneven development, as well as general issues relating to
quality of infrastructure, healthcare and education, for example.

* Uneven economic development implies scope for catch up. Low per capita indicators,
social disparities and uneven economic development more generally, points not only to
risks associated with having major socio-economic disparities within a country, it is
also an indicator of the scope for catch up. This applies to improving, for example,
guantity and quality in health services, education and R&D-related infrastructures.
Moreover, rapid development in certain states or cities demonstrates effects that can
provide positive impetus to those lagging behind.
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e Comparing large countries with small nations, or more homogeneous and greatly
heterogeneous countries, can be misleading. India is a continent. The country is cul-
turally more diverse than Western Europe or North America and has a population
comparable to South America and Africa combined. Hence it is natural that its social
and economic development is varied. Social and economic development indicators in
some parts of India are comparable to that of Sub-Saharan African countries. In other
parts, however, the economic performance since the 1980s has been comparable with
fast growing East Asian regions. Some areas of India have done as well, or even better,
than star performers in high technology industrial development in most East Asian
emerging market economies. Bangalore’s development (and several other Indian cit-
ies) since 1990 points to the potential for India to develop high-tech industry centers;
one important factor being the scope to draw from a large and geographically mobile
pool of human resources and rich sets of R&D institutions and development of
knowledge-based traditions and networks including those involving foreign and Indian
companies, education and research institutions (Mitra 2007).

2.2 Higher education, R&D institutions and access to networks

Claims that India can be a major R&D or knowledge-based industry economic power are
often based on judgments of Indian strengths in human and institutional capabilities, as
well as on ICT-enabled access to international and local information and other networks.

The principal factors pointing to India’s potential to be a major R&D power are the size of
its educated workforce, entrepreneurial traditions and a significant existing R&D-related
institutional infrastructure. On the whole India has made major advancements in all of
these areas over the past decades. Assessing these advancements (as well as prevailing
deficiencies) and comparing them to developments in other countries is however hampered
by weakness in both quantitative and qualitative information. Even official sources some-
times give completely disparate numbers for important parameters such as, for example,
the number of graduates in India.®

As of 2006, India and China both had larger pools of educated human resources, including
engineers and numbers of new science graduates, than any other country in the world
(Mitra 2007). India has invested much in expanding its higher education and R&D institu-
tions since the 1950s. From the 1990s these efforts have begun to yield major payoffs, as
illustrated by the high-tech industry developments in India and the role of the Indian dias-
pora in, for example, Canada, the UK, and the U.S.

India’s education and research system is however diverse and ranges from internationally
competitive institutions to those with inferior performances. The country’s pool of young

¢ «“The 1991 Census, for instance, says that India had a total of 20.5 million graduates. Yet, two
years later, the National Sample Survey (NSS) said there were 19.8 million graduates in 1993-94.
For the same year, the Institute of Applied Manpower Research (IAMR), which collects data on
enrolment from each institution, as opposed to the Census and the NSS that collect data at the
household level, reported the number of graduates as being even fewer, at 17.6 million. For 1991,
the year in which the Census said there were 20.5 million graduates, IAMR put the figure at 15.6
million, or nearly a fourth less. Not surprisingly, more detailed information such as the number of
students who have graduated in science subjects is a lot less reliable. In any case, sources like the
NSS and the Census do not even attempt to capture such data, leaving it to institutions like IAMR
and the University Grants Commission (UGC) to collect information from individual
colleges/universities” (Shukla 2005).
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university graduates (those with seven years or less of work experience) is estimated at 14
million. This is 1.5 times the size of China's, almost twice that of the U.S., and is topped up
by 2.5 million new graduates every year (Farrell et al. 2005). The number of highly quali-
fied engineering Masters- and Ph.D-level researchers is however not so large if compared
to major industrial nations. India produces only about 6,000 Ph.D’s annually. It should
however be noted that a large number of individuals of Indian origin receive higher level
education and training overseas. The IT and IT-enabled services sector has led the growth
in technical human resource demands since the 1990s. The number of professionals em-
ployed in the IT and IT-enabled services industry has grown from 51,000 in 1990 to about
1.3 million in 2006 (NASSCOM 2006).

These types of observations must however be critically evaluated and put into a long-term
development perspective. On a per capita basis, the number of people with higher educa-
tion in India, including engineers and scientists, is still low compared to major industrial
economies and countries such as Poland, Brazil, China and Russia. This point to scope for
increasing the number of people with higher education. India indeed has a key advantage
in the absolute number of people with a higher education. In addition, the number of peo-
ple with relevant higher education, training and professional experience is increasing ex-
ponentially.

The number of people enrolled in higher education continues to increase but there are ma-
jor outstanding issues in the rate of expansion as well as the relevance and quality of edu-
cation and training programs. Much also remains to be done to improve literary and higher
education among lower caste people, tribal communities and women.

Box: Education and R&D-related opportunities for women are expanding

The developments, especially in recent years, in higher-level education, as well as in soft-
ware, business and knowledge processing industries have offered many professional op-
portunities, not only for men but also for women in India, as well as in other countries.
Literacy rate, as well as the number of women in India pursuing higher education, is in-
creasing, although still generally lags behind that of their male counterparts. Furthermore,
males tend to dominate the high paying and top managerial jobs. There is however a
clearly discernible pattern wherein women are playing increasingly important roles profes-
sionally at all levels in Indian society.

Rapid development of the high-technology industry, including the hiring of highly edu-
cated and skilled individuals by foreign multinationals and Indian companies, has resulted
in shortages in certain areas of expertise. Only between 10 to 25 percent of India’s
graduates are considered suitable for employment by multinational corporations (Farrell et
al. 2005). Many Indian companies are facing similar constrains. In addition, there is
considerable room for improvement in ensuring that those with relevant higher education,
talent and professional experience are employed in ways such that their abilities are
effectively utilized.

The Indian government has traditionally had the major role in education and R&D institu-
tional capability building. It has given priority to the provision of heavily subsidized higher
education and the establishment of a large number of research institutions within the public
sector. The effectiveness of these efforts has been mixed, but has improved in several
areas.

The Indian government has made major investments in establishing higher education in-
stitutions. The number of graduates has expanded, but the quality of education varies sig-
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nificantly, as reflected in the fact that India has a very large and multi-tiered educational
system. Large parts of this system are lagging behind in curriculum development and
teaching and examination standards. The country also has a number of elite institutions,
however, whose graduates are well-acknowledged in India, as well as internationally. They
include T (Indian Institute of Technology), IIM (Indian Institute of Management) and
I1Sc (Indian Institute of Science). The student intakes and numbers of such premier insti-
tutions have expanded gradually, although not at a pace commensurate with demand. Fur-
thermore, there has been a rapid expansion in private sector training, education and re-
search institutions, especially since the 1990s.

Despite a large number of graduates going through higher education institutions in India,
the research output from academic institutions has, barring prime institutions and individ-
ual accomplishments, generally been limited. Typically students as well as faculties con-
centrate on teaching, while the time devoted to quality research often lags behind interna-
tionally.

Much of the education system continues to be dominated by the public sector. It is
however important to note that private institutions have begun to play a more significant
role in higher education, training and research since the 1990s. Growth in many of these
areas is today led by the private sector. This is illustrated by the rapid growth in education
and training, especially in software and IT-enabled services and in business administration.
The roles of the private sector, public-private sector partnerships and international
collaborations in education and R&D are gradually becoming more important and may in
the long term imply a major transformation of the higher education and R&D system in
India.

Moreover, it could be noted that R&D labs and library facilities are often poor if compared
to that of Western, as well as many East Asian, countries. The Internet, however, has
opened up access to data, information and knowledge, and has facilitated global network-
ing among academic and corporate groups. This increased level of access has led to a ma-
jor scope-shift for India (and other less developed areas), in now playing a more prominent
role in R&D.

Box: Public sector education system governing

Higher education in India has evolved in divergent and distinct streams with each stream
monitored by an apex body, indirectly controlled by the Ministry of Human Resource De-
velopment. The state governments mostly fund the universities. There are 18 universities
however, called the Central universities (as on 31st March 2007), which are maintained by
the Union Government and, because of relatively large funding, they have an economic
edge over the others.

The engineering colleges and business schools in the country are monitored and accredited
by the All India Council for Technical Education (AICTE) while medical colleges are
monitored and accredited by the Medical Council of India (MCI). The National Council
for Teacher Education (NCTE) was constituted a couple of years ago to monitor, organize
and accredit all the teacher-training institutions in the country, and this apex body has
started to make its presence felt. Apart from these, the country has some a large number of
engineering, management and medical education institutions that are directly funded by the
Union Government

Professional Councils are responsible for the recognition of courses, promotion of profes-
sional institutions and provision of grants to undergraduate programs and various awards.
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The statutory professional councils are the All India Council for Technical Education
(AICTE), Distance Education Council (DEC), Indian Council for Agriculture Research
(ICAR), Bar Council of India (BCI), National Council for Teacher Education (NCTE),
Rehabilitation Council of India (RCI), Medical Council of India (MCI), Pharmacy Council
of India (PCI), Indian Nursing Council (INC), Dentist Council of India (DCI), Central
Council of Homoeopathy (CCH) and Central Council of Indian Medicine (CCIM).

The Central Government is responsible for major policies relating to higher education in
the country. It provides grants to the UGC and establishes central universities in the coun-
try. The Central Government is also responsible for the declaration of Educational Institu-
tions as 'Deemed to be University' on the recommendation of the UGC.

University education. The University Grants Commission (UGC) is the apex body of the
university system in the country and was established by an Act of Parliament in 1956. Its
function is to fund, co-ordinate, monitor, and maintain the Constitutional mandate of co-
ordination, determination, and maintenance of standards of teaching, examination, and
research in the field of University and Higher Education. UGC serves as a vital link be-
tween the Union and State Governments and the institutions of higher learning. The Cen-
tral Universities are completely funded by the University Grants Commission, while the
state-level universities are partly funded by it. The major funds for the state university
come from the respective government of the state to which it belongs.

Educational policy. So far two national educational policies (NPE) have been formulated
by the Central Government — one in 1968 and the other in 1986. NPE 1986 was further
modified in 1992. In NPE 1968, the stress was on quality improvement, a planned, more
equitable expansion of educational facilities and the need to focus on the education of girls.
The NPE 1986 provides for a comprehensive policy framework for the development of
education up to the end of the century and a Plan of Action (PoA) 1992, assigning specific
responsibilities for organizing, implementing, and financing its proposals. The National
Assessment & Accreditation Council (NAAC) has been set up to assess their performance
vis-a-vis set parameters. NAAC is a rating agency for academic excellence across India,
and the country's first such effort.

Governance of higher education institutions. The Universities are of various kinds: single
faculty or multi-faculty; teaching or affiliated, or teaching-cum-affiliated; single campus or
multiple campus, and so on. Most Universities are affiliated universities, which prescribe
to the affiliated colleges the course of study, hold examinations and award degrees, while
undergraduate, and to some extent postgraduate colleges affiliated to them impart graduate
instruction. Many of the universities, along with their affiliated colleges have grown rap-
idly in many parts the country to the extent of becoming unmanageable. Therefore, as per
National Policy on Education, 1986, a scheme of autonomous colleges was promoted. In
the case of autonomous colleges, whereas the degree continues to be awarded by the Uni-
versity, the name of the college is also included. The colleges develop and propose new
study courses to the universities for approval. They are also fully responsible for conduct-
ing examinations. There are at present 126 autonomous colleges in the country.

Source: Abstracted from Shukla (2005).
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2.3 R&D spending and funding

India’s R&D expenditure is still low compared to major industrial economies, in dollar
terms, on a per capita basis and in terms of its ratio to GDP (about 0.8 percent of GDP in
2005 according to official estimates). These figures can, however be misleading. India’s
official data excludes much corporate and internationally funded R&D activity. Interna-
tional comparisons at market prices are also deceptive. One dollar equivalent spent on
R&D in India results in an output many times larger than the same amount spent in high
cost economies. Indian R&D spending levels are indeed substantial on a purchasing
power parity (PPP) basis. Adjusting data on R&D expenditure to differences in
purchasing power is, however, a complex affair (NSF 2006). According to UNESCO
data, India’s R&D expenditure has increased from 10 billion dollars in 1996 to 20 billion
dollars in 2000, making it the seventh largest country, in that year, for gross domestic
expenditure on R&D (GERD) measured at PPP. China was the fourth largest country
with R&D expenditure, estimated at 49 billion dollars in 2000 (UNESCO 2005).’

On the other hand, a large share of government R&D outlays in India is not utilized
effectively, especially compared to spending in the private sector. One example of this is
the fact that a large number of so-called scientists in government research labs do no, or
little, actual R&D.

Moreover, it should be noted that the pattern of financing R&D operations has begun to
change significantly since the late 1990s. One major development is increased access to
local and international private financing for R&D, including funding from multinational
companies and the emergence of more significant foreign venture capital industry
activities (Dossani and Kenney 2001). The government has gradually placed more
importance on efforts to develop venture capital (VC) funding avenues. Lately, this has
been illustrated by the fact that the Planning Commission of the Government of India has
established as special committee that has provided recommendations for facilitating
venture capital for promoting new technology ventures. It is expected that
implementation of the Commissions recommendations would lead to an increased flow
of VC funds for commercialization of technology ventures, particularly those emanating
from incubation centers at universities and R&D centers (Planning Commission,
Government of India 2006).

2.4 Patents, publications and commercialized intellectual property

Compared to major industrial nations India has been lagging behind in numbers of patents
and in the output of internationally acknowledged scientific publications. There are
however important indications of progress in this regard, as is clearly manifested in raised
R&D output from multinational companies and the Indian diaspora, for example.
Moreover, it should be noted that improvements in industrial production through
absorption of existing technology and improvement in industrial production and
organizational and other efficiency gains are key factors driving increased competitiveness
in goods and services sector in India. These developments are not reflected in analysis
limited to patents and the scientic publication record.

The analysis of inputs and outputs of knowledge or R&D in India is hampered by weak-
nesses in information on corporate R&D and innovation. Key examples are tacit knowl-

" China’s GERD at PPP was 72 billion dollars in 2002 (UNESCO) and continued to rise rapidly in
the 2003-2006 period; a trend which is likely to continue for several years to come (Mitra 2007).

30



INDIA’'S EMERGENCE AS A GLOBAL R&D CENTER

edge as well as the country’s rich assets of un-codified, indigenous knowledge and formal,
as well as informal, networks and innovation in business processes and entrepreneurship.

Making a balanced assessment of the outputs from India’s national innovation system is
perhaps even more difficult than assessing its inputs. The numbers of filed patents and
internationally acknowledged scientific publications from India are still small despite the
country’s large pool of graduates and academic faculty. In addition, India receives very
little in worldwide royalty and license fee payments.

India’s number of patents and publications does not fully reflect R&D and innovation ca-
pabilities however. In the India-specific context, several factors have hampered incentives
to file for patents and to publish in foreign academic journals. Filing for patents is, in many
quarters, considered complicated and expensive, even when innovation capabilities are
present. Academic faculties and scientists have traditionally had secure jobs with more-or-
less guaranteed promotion, providing less incentive to publish than in more competitive
environments. Most R&D in the corporate sector is in development rather than research,
and applied development work typically does not result in scientific contributions. In addi-
tion, mass-scale KPO work, while often related to science, does not generally produce
scientific publications or patents (Mitra 2007).

The number of cited scientific research publications from India has increased significantly
since the mid 1990s, although not to the same extent as for China (NSF 2006 and Depart-
ment of the Navy 2006).

Furthermore, there has been a significant increase in the number of India-related patentable
innovations since the early 1990s. New patent registrations, patents granted to the interna-
tional R&D companies operating in the country and number of Indian patentees are some
of the indicators that show significant growth (Bowonder et al. 2006). The number of pat-
ents granted by the United States Patent and Trademark Office (USPTO) to North Ameri-
can and European owned R&D establishments has increased rapidly since the late 1990s.
An increasing trend is also discernable in the number of patents granted by the Indian Pat-
ent Office (Patent Facilitating Center, TIFAC 2006). There has also been rapid growth in
the patent applications filed in the United States from inventors of Asian origin, namely
Israel, South Korea, Taiwan and subsequently also from China and India. In 2003, inven-
tors from India filed almost 1,200 U.S. patent applications, up from 58 in 1990; and in-
ventors from China filed 1,034 U.S. patent applications, up from 111 in 1990 (NSF 2006).2

While still lagging behind industrial economies, India has experienced an increase in terms
of patents and publications since the 1990s. Gradually the national innovation system has
provided greater incentives to undertake work that can result in patents and publications.
Both Indian and foreign companies are playing a major role, but much of their activities
are still not fully reflected in the published statistics. Moreover, patent-based indicators
provide a measure of the output of a country’s R&D, i.e. its inventions. The methodology
used however can influence the results. Simple counts of patents filed at an intellectual
property office are affected by various kinds of bias, such as weaknesses in international
comparability (home advantage for patent applications) and highly heterogeneous patent
values (OECD 2005).

& An analysis based on an OECD patents indicator called triadic patent families (indicator designed
to capture all important inventions and to be internationally comparable) broadly confirms that
India is still lagging behind in terms of patents, but that the number of triadic patent family patents
for India is growing, although not quite as rapidly as in the case of China (OECD 2005).
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The Indian-based R&D centers of companies such as Texas Instruments, General Electric,
IBM, Hewlett-Packard, Hoechst, Intel, Cypress Semiconductors, ST Microsystems and
Unilever have contributed significantly to a sharp rise in patent filings from India in the
2000s. Major Indian firms that showed an increase in patents granted in the first half of the
2000s include CSIR, Ranbaxy, Dabur, Dr. Reddys Research Foundation, Orchid Pharma-
ceuticals, Biocon, Torrent Pharmaceuticals, Aurobindo Pharma and Wockhardt limited
(Bowonder et al. 2006).

Looking ahead, the number of Indian patents granted by the USPTO, the European Patent
office (EPO) and the Indian Patent Office is poised to expand significantly. Furthermore,
industry analysts expect a significant expansion of competition and collaboration between
the Indian and foreign R&D entities. Several Indian universities are also strengthening
R&D programs. Overall, India’s record in patents and internationally acknowledged scien-
tific publications is likely to improve significantly over the next 5 years and beyond (Mitra
2007).

Finally, it should be noted that the number of patents and academic publications originat-
ing from Indian nationals working overseas is significantly larger than that coming from
Indian-based R&D activities and is poised to continue to grow (Mitra 2007).

2.5 Innovation in business organization and entrepreneurship

The corporate sector in India remains highly diverse in corporate governance practices,
degrees of internationalization, technology, innovation and general performance. It
consists of long standing well established companies such as the Tata Group, Mahindra &
Mahindra Ltd. and new internationally competitive firms specializing in software,
pharmaceuticals, finance and other sectors which now are making major efforts to become
international players by expanding subsidiaries overseas, placing greater efforts in rapid
absorption of new technology and making in-house R&D investments. Moreover, India has
a large number of companies (SMEs and others) which or have limited interest in or are
unable to face international competition and which have no significant R&D activities.

Several Indian companies are now at par with foreign subsidiaries in terms of management
performance while others typically lag behind in governance and other corporate
performance indicators. Much of India’s corporate sectors have, however, gradually
become more internationally competitive, and hence dynamic, in adapting new technology
solutions and management practices. Major efficiency improvements have taken place in
industrial organization systems much of India’s goods and services industries since the
1990s.

The rise of “new sets” of Indian corporate images is illustrated by the emergence of several
Indian companies capable of meeting high quality standards and being cost-competitive.
The examples of Infosys Technology Limited (a leading exporter of software services) and
Bharti Telecom Limited (a leading domestic low-cost telecommunication services pro-
vider) point to innovations in business processes and phamaceptial companies such as
Ranbaxy. Companies such as Infosys also represent important role models for a new
generation of Indian private entrepreneurship and international class corporate governance
(Khanna and Palepu 2001). These and several other newer, as well as older, Indian
corporate success stories (the Tata Group for example) point to the argument that Indian
corporate and offshoring developments illustrate a shift in the global business environment
in which India can play a major role in both goods and services sectors, spearheaded by
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business organization and entrepreneurship dynamism and innovation coupled with
increasing emphasis on investing in R&D.

2.6 National S&T development phases and economic reforms

India’s S&T achievements date back to the ancient times. Furthermore, during the British
Raj world class educational institutions were established in major Indian cities. Many Indi-
ans played key roles in local R&D as well as outside of India; for example in engineering
work in British colonies. After independence, the first Prime Minister, Jawaharlal Nehru
stressed the need to invest in higher education and research.

R&D aimed at serving local requirements has a long tradition in India, stemming back to
Nehru’s policies emphasizing nation-building and self-reliance. Starting with the period of
economic liberalization in the 1990s, there has been a shift in the Indian S&T landscape
and corporate-led R&D operations have become increasingly important.

From the early 1990s, the Indian economy has significantly opened up to foreign trade and
investment. Indian companies have thus been forced to be more proactive in keeping up
with new technologies to maintain their competitiveness in the local market and to com-
pete globally. There has been a major change in the strategic mindset of large Indian in-
dustrial conglomerates. In addition, a new breed of smaller and medium size entrepreneurs
who are inclined to think and act more internationally are playing key roles in vitalizing
the Indian economy. Perhaps the most significant examples of the latter are the dynamic
expansions of India’s software, telecommunication and BPO-KPO industries. The devel-
opment in these sectors has served as a catalyst to connect India globally (Mitra 2007).

The greater reliance on market forces and thereby associated increased exposure to inter-
national competition and technology developments have induced a pattern of economic
development which is more supportive of commercially oriented R&D in ICT, the manu-
facturing industry and in other areas.

As noted by Rishikesha Krishnan, the impact of economic liberalization on innovation in
the rest of the economy has, however, been mixed: “In the two-wheeler and pharmaceuti-
cal industries, regulatory changes, demand conditions, competitive forces and
entrepreneurial initiative have resulted in the development of innovative capabilities, as
reflected in a number of successful products. Government support and links with
government research laboratories have facilitated the process of innovation in the
pharmaceutical industry. In many other industries however, changes in the innovation
profile have been limited”” (Krishnan 2003).

Much of the growth in the software and knowledge processing industry has come from
external demand. In many (but not all) instances, this has implied that spillovers in terms
of locally oriented demand and innovation system developments have been limited.

2.7 S&T policies, incentives and intellectual property rights

Government policies and incentives more conducive to R&D

Three major S&T policy statements have been adopted since India gained its independ-
ence: the Science Policy Resolution of 1958, the Technology Policy Statement of 1983,
and the Science and Technology Policy of 2003. The Technology Information Forecasting
and Assessment Council (TIFAC) have also undertaken a comprehensive technology fore-
sight exercise under the leadership of Abdul Kalam and Y.S. Rajan. This was termed Vi-
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sion 2020 and a summary of the exercise has been published. This helped various agencies
to have a unified vision about the future trajectories for economic and technological devel-
opment (Kalam A.P.J. Abdul and Y.S. Rajan 2003).

In the S&T Policy launched in 2003 the Indian government recognized the inevitability of
the globalization and liberalization processes of the Indian economy. The S&T Policy from
2003 articulated new policy directions. It did however not include a full-fledged operations
action plan to implement its policy statements. Among other things, its policy statements
articulated the need for reconstruction of the academic scientific system, technology
development through appropriate reward mechanisms; measures to increase the active
involvement of industry in both basic and applied research, generation and management of
intellectual property (Bowonder et al. 2003 and 2006).

The S&T Policy from 2003 points out the need for examining efficient funding mecha-
nisms for S&T development. It points to the need for either new structures to be created or
the existing ones restructured and strengthened, to promote basic research in science,
medical and engineering institutions. It also stresses the need to facilitate value-driven
export of technologies and technology-led exports and the need for intensive networking of
capabilities and facilities within the country. It also emphasized the necessity to strengthen
international collaborative programs, and participation in international mega science pro-
jects, in order to encourage basic research in academic institutions and laboratories.

In addition, economic liberalization policies pursued since the 1990s have fostered compe-
tition and internationalization. Important reforms in a number of areas have contributed to
accelerated growth in foreign trade and investment, including R&D related activities.
These reforms include the tax regime, liberalization of foreign ownership and exchange
regulations, and improvements in industrial and other regulatory frameworks and the in-
tellectual property rights regime. The Indian government has also launched a wide range of
initiatives targeted at specific industries such as software, electronic hardware and telecom,
biotechnology-pharmaceuticals and the automotive industry. This is illustrated by special
incentives announced in the Union Budget for 2005-06, namely:’

* Atax deduction of 150 percent on in-house R&D expenditure in the automotive sector.
e Zero custom duty on items bound under the IT agreement for the software sector.
* Increase in telecom FDI equity stake limits from 49 percent to 74 percent.

* Corporate tax for pharmaceutical companies reduced from 35 to 30 percent, and
exemption for 100 percent deduction of profits of pharmaceutical companies carrying
out R&D (Ministry of Finance 2005).

® The Union Budget for 2006-2007 included some further R&D sector-specific measures. For
example, as noted in the budget, the National S&T Entrepreneurship Board has set up a number of
Technology Business Incubators with seed funding from the Technology Development Board. The
government has expressed that it would be happy to provide enabling concessions to the incubator-
entrepreneurs.
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Table 2-3 The changing scenario for pharmaceutical R&D in India.

Earlier Now

Lack of intellectual property (IP) protection India has adopted the IP regime formulated by
the World Trade Organization (WTO) in 2005.

MNCs — restricted* from undertaking research Regulations* on NCE have been relaxed.
on New Chemical Entities (NCE) in India Leading MNCs such as Pfizer and Eli Lilly have
started research on NCEs in India.

Good Clinical Practices (GCP) compliance Adherence to GCP guidelines has been made
not mandatory mandatory since December 2001

Government imposed high customs duties on Custom duties have been waived on clinical trial
the import of clinical trial samples samples.

The government is also offering other financial
incentives for R&D investment.

Schedule Y and the resultant ‘Phase lag’ Proposed amendment to Schedule Y allowing
Permission for clinical trials given for one parallel phase clinical trials in India.

phase behind the status in the rest of the

world

Only limited trials on about 100 patients
required for new drug introduction

Source: Evalueserve Analysis as presented in FICCI (2005).

Authors note: * Not legal restrictions to undertake R&D.

Intellectual property rights regime strengthened

Since 2003, the Indian parliament has passed a series of laws protecting intellectual prop-
erty rights (IPRs). In 2005, it passed a patent regime that is compliant with World Trade
Organization (WTQ) standards. The legislation is aimed particularly at pharmaceutical
manufacturers, but has also raised confidence that other industries will receive protection.

India’s intellectual property rights regime has improved significantly with legislation hav-
ing changed significantly since the mid-1990s. In 1994, the Indian Copyright Act was
amended to clearly explain the rights of a copyright holder and the penalties for infringe-
ment of copyrighted software. The 2005 amendments to the Indian Patent Act were
amended to adhere to the Trade-Related Aspects of Intellectual Property Rights (TRIPS)
agreement. These developments have boosted the confidence among international players
in seeking R&D locations in India and to seek Indian patents for their innovations. The
new patent legislation has expanded product patent coverage to include pharmaceuticals
and agro-chemicals.

It is well acknowledged that India’s IRP legislation has improved and fares well compared
to most other developing countries. Major Indian software and pharmaceutical companies
(Biocon, Dr. Ready’s Lab, Ranbaxy and others) leveraged growth opportunities by means
of compliance with new patents laws. Some stakeholders, such as multinational
corporations, have however continued to press for further improvement in IPR protection
due to what they perceive to be inadequate laws and ineffective enforcement. Key
concerns include security, data protection, limitations of the patent act and its enforcement
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in industry and the consumer mass market (e.g. piracy of standard software and the need
for strong enforcement of IPR laws and greater publishing of police raids and other
enforcement measures).

United States Trade Representative (USTR) has retained India in its “‘Special 301" watch
list of 48 countries on the grounds of inadequate IRP protection. The USTR have contin-
ued to argue that India should improve its IPR regime by providing stronger protection for
copyright, trademarks and patents, as well as protection against unfair commercial use of
undisclosed test and other data submitted by pharmaceutical companies seeking marketing
approval for their products (USTR 2006).

The USTR argues that India should be encouraged to join and implement the World Intel-
lectual Property Organization (WIPO) Internet Treaties. Moreover, it argues that India’s
patent protection regime improved when it passed the amended patent law in 2005 to pro-
vide for product patents for pharmaceuticals and agricultural chemicals. While this was a
positive step, the new legislation has omissions that detract from India’s patent regime.
Furthermore the report states that India’s copyright laws and enforcement system are weak.
Piracy of copyrighted works remains rampant, particularly for software, films, popular
fiction works, textbooks, and cable signals. Although the Government of India has pledged
to improve its trademark regime, foreign trademark owners experience difficulties due to
procedural barriers and delays. India’s criminal IPR enforcement regime remains weak,
with improvements most needed in the areas of border enforcement against counterfeit and
pirated goods, police action against pirates and counterfeiters, judicial dispositions result-
ing in convictions for copyright and trademark infringement, and the imposition of deter-
rent sentences (USTR 2006).

The US-India CEOs Forum has put forward a number of proposed initiatives to strengthen
India’s IRP regime. They include the following areas:

* National coordination of IPR enforcement efforts in India must be stepped up. Today,
enforcement is handled at the state level, and the results vary dramatically. Many of
the specialized police units set up by the states are barely active and lack training,
manpower and resources.

* Specialized intellectual property courts should be established to handle both civil and
criminal matters.

* A national initiative to crack down on piracy in the educational and research sectors
should begin now.

* India and the U.S. must reach agreement on Cyber Security to include data privacy,
IPR, etc. and create universal standards in data privacy to build confidence in Indian IT
providers (US-India CEO Forum 2006).

According to the US-India CEOs Forum, the goal should be a national unit dedicated to
IPR enforcement and with powers of enforcement across state borders. As a first step, a
single centralized body should be designated to coordinate IPR enforcement efforts, iden-
tify and publicize best enforcement practices at the state level and direct national resources
to IPR enforcement (US-India CEO Forum 2006).
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Box: India’s patent ordinance as of 2005

The new ordinance amending the Indian Patents Act of 1970 came into effect on 1 January
2005. India now conforms to the TRIPS Agreement of the WTO. India’s previous Patent
Act had not allowed product patents in drugs, food and chemicals, but only process patents
in these fields for up to seven years. The most significant changes brought about by the
new ordinance are as follows:

It extends product patents for all fields of technology, including medicine, food and
chemicals, offering 20 years’ protection. The ordinance eliminates exclusive marketing
rights (EMRs), which were providing patent-like protection without the grant of pat-
ents. It also allows for the patenting of software that has a technical application; thus,
embedded software can now be patented.

It provides that ‘mere new use’ for a known substance cannot be patented.

It also strengthens patent opposition proceedings by allowing for both pre-grant and
post-grant opposition. The processing time limits for examination of patents have also
been reduced from 48 to 36 months.

It has a provision for granting compulsory licenses for the export of medicines to coun-
tries that have insufficient or no manufacturing capacity, to meet emergent public
health situations (in accordance with the Doha Declaration on TRIPS and Public
Health). This means that Indian companies will be able to produce and export AIDS
drugs to African and South-East Asian countries.

An additional modification is the introduction of a provision making patent rights for
mailbox applications available only from the date of granting the patent and not retro-
spectively from the date of publication. This will save many Indian companies from
being attacked for infringement of patent law by multinational companies which might
otherwise have obtained patents for drugs that Indian companies had already put on the
market.

There are also concerns that the domestic pharmaceutical and agricultural sectors will
be affected, as the new ordinance will make it possible for multinational corporations
to dominate the Indian economy. 97 percent of all drugs manufactured in India how-
ever are off-patent and so will remain unaffected. These include all life-saving drugs,
as well as medicines for daily use to treat common aliments.

The ordinance also has a provision for outright acquisition of the patent to meet na-
tional requirements.

Note: The patent ordinance from 2005 differs in some parts from the patent act subsequently passed by the parliament. Source: Adapted
from Unesco 2005.

Original source: http://iplg.com/resources/articles/india_new_patent_ordinance.html.
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2.8 The multi-layered organization of India’s S&T system

The system for science and science administration is complex and multi-layered. It consists
of governmental agencies, autonomous institutions, university systems and industrial
R&D, in both the public and private sector. In broad terms the S&T system can be classi-
fied into the following categories:

* Central government S&T departments/agencies,

e State government S&T departments,

* Central government socio-economic ministries,

* R&D in private industry, S&T in non-governmental organizations, and
* Independent research institutes.

The S&T departments functioning under the auspices of Central Government are: the De-
partment of Science and Technology (DST), the Department of Scientific & Industrial
Research (DSIR), the Department of Atomic Energy (DAE), the Department of Space
(DoS), the Department of Biotechnology (DBT) and the Department of Ocean Develop-
ment (DOD).

Furthermore, the central government has established the Technology Information, Fore-
casting & Assessment Council (TIFAC), an autonomous organization under the Depart-
ment of Science and Technology with the aim of keeping a technology watch on global
trends and formulating preferred technology options for India.'

Figure 2.1 India’s science and technology system.
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Source: Department of Science and Technology 2006.

19 The TIFAC was established with the following objectives: (i) to undertake technology assessment
and forecasting studies in selected areas of national economy, (ii) to watch global trends and
formulate preferred options for India, (iii) to promote key technologies, and (iv) to provide informa-
tion on technologies. Its role also includes a special patent facilitating center.
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Box: The