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8. Science, Technology, and Innovation
Policies for Development

India’s Contemporary Challenges

Venni V. Krishna

Science and technology (S&T) are not merely
instruments of economic growth; they profoundly
shape our daily lives, societal structures, and
global interactions. Recognizing this, nations
around the world have developed science,
technology, and innovation policies (STIPs) as
strategic frameworks to guide research, innova-
tion, and technological development in ways that
support economic, social, and environmental
objectives. This chapter takes a sociohistori-
cal approach to examine how contemporary
STIPs are shaped and evolve over the decades.
It traces the interplay of multiple actors and
agencies—government institutions, academic
and research organizations, private enterprises,
and international collaborations—that have col-
lectively shaped India’s S&T landscape. Broadly,
the chapter examines India’s S&T and innova-
tion trajectory in five overlapping phases, each
reflecting unique sociopolitical contexts, policy
priorities, and global influences.

Nation-Building Phase (1950s-70s). This phase
is marked by Nehruvian optimism, which viewed
S&T as the foundation of national development
and modernization.! The government focused on

building institutions of higher learning, national
laboratories, and research councils, aiming to
create a strong indigenous scientific base.

Technology Policy and Industrial Challenges
Phase (1980s). In the 1980s, India began crafting
technology policies to promote industrial modern-
ization and technological self-sufficiency. However,
this period was also shaped by environmental and
industrial challenges. This phase highlighted the
need for regulatory frameworks, safety standards,
and responsible innovation, balancing industrial
growth with social and environmental concerns.

Liberalization Shaping S&T Policies (Post 1991).
The economic reforms of 1991 opened a new
chapter in India’s S&T landscape. Policies during
this period emphasized liberalization, globaliza-
tion, and private-sector participation. There was
a surge in software, information technology (IT),
biotechnology, and pharmaceutical sectors, and
India became increasingly integrated with global
research and development (R&D) networks.

Post-2014 Phase Under the Narendra Modi
Regime. The Modi era opened a new chapter in
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the history of STIPs from a development perspec-
tive. A striking feature of this period is the pres-
ence of policy binaries in the approaches and
views of the ruling elites. On one side of the coin,
there is a discernible tendency to draw inspira-
tion from India’s ancient scientific traditions, often
extending to the glorification of the past. On the
other hand, the Modi government also launched

a series of flagship programs that underscore the
role of modern S&T in driving development.

Contemporary Phase of STI: Mission-Oriented
Science and Innovation. The Modi 2.0 era marked
a mission-oriented approach to science, technol-
ogy, and innovation. Emphasis was placed on
high-priority strategic sectors such as semicon-
ductors, space technology, renewable energy,
quantum computing, and artificial intelligence. In
this phase, the leadership seems to have woken
up to realize the low level of S&T funding and
introduced public-private partnership schemes to
address the problem.

NATION-BUILDING PHASE
(1950s-70s): OPTIMISM TO
CRITICAL EVALUATION

Both Jawaharlal Nehru and Mohandas
Karamchand Gandhi shared the goals of generat-
ing employment, alleviating poverty, and devel-
oping India, emphasizing the development of
both traditional and modern industries through
S&T. However, their approaches differed sharply.
Nehru’s vision of modern S&T for development
was formulated in the 1940s and pursued after
Gandhi’s death in 1948. It faced little opposition
and reflected widespread optimism about science
for development.2 The Congress Party’s 1945
manifesto declared that “science in its instrumen-
tal fields of activity, has played an ever increasing
part in influencing and moulding human life and
will do so in even greater measure in the future.”3
Nehru envisioned a synthesis of Soviet-style plan-
ning and Western industrial capitalism, reflected

in India’s early mixed economy.* Nehru’s unbound
optimism of modern S&T for development was
clearly evident from his various interactions with
decision makers and scientists.

On one occasion Nehru declared that “science
alone that can solve the problem of hunger and
poverty, of insanitation and illiteracy, of supersti-
tion and deadening custom and tradition, of vast
resources running over waste, of a rich country
inhabited by starving people. | do not see any
way out of our vicious circle of poverty except by
utilizing the new sources of power which science
has placed at our disposal.”® He sought an alli-
ance with elite Indian scientists—Homi Bhabha,
Shanti Swarup Bhatnagar, P. C. Mahalanobis,

J. C. Ghosh, and D. S. Kothari—forming an inner
circle to drive his vision.? In 1947, addressing the
Indian Science Congress, Nehru emphasized
cooperation between politicians and scientists.
Unlike Gandhi, who was quite critical of heavy
industrialization strategy for India, Nehru’s sup-
port for S&T made him a champion for scientific
development.” He saw science as a solution to
poverty, hunger, superstition, and underdevelop-
ment. His strategy included expanding education,
skills, and human capital; establishing the Ministry
of Scientific Research and Natural Resources in
1947; and establishing five Indian Institutes of
Technology (lITs) based on the Massachusetts
Institute of Technology model to promote applied
research and engineering excellence.®

POLICY FOR SCIENCE

The period of the 1950s-70s was marked by a
“policy for science” focused on building basic
infrastructure, expanding universities, and creat-
ing human resources for S&T. Nehru and Homi
Bhabha, who is regarded as the father of India’s
atomic energy program, were instrumental in get-
ting the first official Scientific Policy Resolution
passed in the Indian Parliament in 1958. It “was
both a testament of faith in science and a vision
of society.”® As David Arnold reminds us, Nehru’s
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commitment to building a strong S&T infrastructure
was not mere rhetoric; it was backed by concrete
action. Between 1949 and 1959, India’s national
science budget increased nearly eightfold, reflect-
ing the priority accorded to scientific research and
technological development in the formative years
of nation-building.’® By 1970, India had forty-two
private and eight public-sector techno-industrial
organizations aimed at linking S&T to industry.
Mission-oriented agencies like the Department

of Atomic Energy (DAE), Council of Scientific and
Industrial Research (CSIR), and Defence Research
and Development Organization (DRDO) were rap-
idly established and expanded. One of the notable
features of the science-politics alliance of the
Nehru era was that the growth and type of S&T
institutions in different sectors depended on the
elite scientists close to Nehru and their interests.

The scientific elite in the “inner circle” wielded
enormous power to command scarce or lim-
ited resources both financial and material. The
CSIR had no laboratories worth mentioning

in 1947, but by the 1950s S. S. Bhatnagar was
able to establish a network of fifteen laborato-
ries. Bhatnagar was part of this inner circle and
could mobilize resources for building various
laboratories of CSIR. C. V. Raman called this the
“Nehru-Bhatnagar Effect.”" This had a parallel

in the atomic energy agency with Homi Bhabha
as its head. Bhabha managed to mobilize Nehru
into setting up the DAE headquarters in Bombay,
where he wanted them. Thus, for about two
decades after independence the real expansion
of S&T infrastructure took place in the CSIR, DAE,
and defense-related establishments. Some sec-
tors, notably agriculture and medical research,
were marginalized. B. P. Pal, the head of agri-
culture research, noted that Indian Council of
Agricultural Research (ICAR) development lagged
behind mission-oriented agencies like the CSIR
and DAE. Universities remained largely teaching
focused.” Edward Shils, editor of a leading sci-
ence policy journal, Minerva, writing on Indian
universities, drew attention to the ways in which

universities were rendered as mere teaching insti-
tutions without any worthwhile research base.’®

Implicit in “policy-for-science” was the view that
once infrastructure in R&D is created, personnel
trained, and a set of institutions and universities
established, most problems of science and devel-
opment would be resolved. He firmly believed that
a strong institutional base in S&T was essential
for modernization, industrial growth, and self-
reliance. This vision translated into the establish-
ment of national laboratories, research councils,
IITs, and scientific academies, alongside mas-
sive public investment in atomic energy, space
research, and heavy industries. A great deal of
optimism unleashed by Nehru and elite scientists
over science and development was the character-
istic feature of the policy discourse of this phase.
The departure of Mohandas Gandhi in 1948 did
not have a major influence on the developmental
policies during this phase.

SCIENCE FOR POLICY

Building on the basic infrastructure established
in science and technology, the science for policy
perspective reflects how India’s S&T capabilities
began influencing national political expecta-
tions of development. Mission-oriented agen-
cies such as the DAE, CSIR, Indian Council of
Medical Research, ICAR, DRDO, and Indian
Space Research Organization (ISRO) grew rap-
idly, establishing India’s presence in nuclear and
space research by the early 1980s. Homi Bhabha
in atomic energy and Vikram Sarabhai in Space
research laid strong R&D foundations.”* The ISRO
launched its first satellite, Aryabhatta, in collabo-
ration with the Soviet Union on April 19, 1975,
followed by Rohini in 1980 using an indigenous
launch vehicle. India conducted its first nuclear
test, Smiling Buddha, in 1974, and between the
1970s and 1980s, defense and nuclear research
budgets increased more than fourfold, paving
the way for the second nuclear test, Pokhran I,
in 1998. The early 1970s also saw the creation of
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the Department of Electronics and the Electronics
Commission, building on the Tata Institute of
Fundamental Research (TIFR) National Centre

for Software Development and Computing
Techniques.'®

In agriculture, India achieved self-reliance through
the Green Revolution, led by M. S. Swaminathan
in collaboration with Norman Borlaug, which
dramatically increased food-grain production.'®
The White Revolution, initiated in Gujarat, trans-
formed milk production via Operation Flood | to Il
(1970-96), creating over 75,000 village coopera-
tives by the 1990s and growing to 190,000 by 2019,
making India the world’s largest milk producer.

Dr. Verghese Kurien and Anand Milk Union Limited
(AMUL) Gujarat, supported by the National Dairy
Development Board, strengthened the industrial,
trade, and research base in dairy.” Most impor-
tantly, India became self-sufficient in food grains,
milk, and other agro-industrial sectors—an impor-
tant national task for a population of India’s size.'

The 1971 Indian Patent Act, which protected
patents for only seven years, enabled CSIR labo-
ratories to commercialize essential drugs and
facilitated reverse engineering by Indian pharma
firms, laying the foundation for India’s global lead-
ership in generic medicines, serving over 70 per-
cent of South Asia by 2020. In food technology,
the CSIR’s baby food process in the 1950s dis-
placed multinational suppliers like Glaxo, support-
ing AMUL's growth. In industrial innovation, the
CSIR’s Central Mechanical Engineering Research
Institute developed the Swaraj tractor in the 1960s
to meet the demands of the Green Revolution.®

OPTIMISM SHATTERED

By the early 1970s, the Nehruvian optimism sur-
rounding science-driven development began to
erode.?’ The 1973 oil crisis, growing inequalities
between urban and rural populations, and the

limitations of the Green Revolution exposed the

shortcomings of the Nehruvian model and its reli-
ance on “trickle-down” assumptions. Alternatives
to this framework began gaining traction, includ-
ing the rise of the Appropriate Technology (AT)
movement, which emphasized context-sensitive,
low-cost solutions. During this period, Gandhian
development ideas gained legitimacy, inspiring
institutions and initiatives that focused on inclu-
sive innovation, such as Barefoot College (Tilonia),
Jaipur Foot, Honeybee Network (Ahmedabad),
Arvind Eye Care (Madurai), and incremental
innovations by Dr. Kurien at AMUL. Even before
the Gandhian Institute at Varanasi formalized an

AT unit, the Ministry of Industrial Development

had created the Appropriate Technology Cell in
1971. In 1974, ASTRA (Application of Science and
Technology to Rural Areas) was established at the
Indian Institute of Science, Bangalore (I1Sc), by

A. K. N. Reddy, an energy specialist, followed by
the Centre of Science for Villages in 1976, connect-
ing national laboratories with rural technical needs.

This period also witnessed the emergence of the
People’s Science Movements (PSM) and Alternative
Science Movements (ASM) as counterpoints to

the dominance or hegemony of the instrumental
modern science trajectory of Nehruvian optimism.?'
In a way, the rise of these movements was indeed

a counterhegemonic reaction to the hegemony of
instrumental modern science.??2 The PSM was rep-
resented by some twenty organizations, and Kerala
Shastra Sahitya Parishad was the largest, with fifty
thousand members. The ASM grew out of simul-
taneous efforts by various actors, who initiated an
intellectual critique of modern Western science.

It was represented by Ashis Nandy and his col-
leagues at the Centre for the Developing Societies
in Delhi; by Claude Alavares in Goa; by Patriotic
and People Oriented Science and Technology,
Madras; by ecology-based groups such as Chipko
in northern India; by Narmada Bacho Anodolan in
Central India; and by the Chipko movement, led by
environmentalists such as Sunderlal Bahuguna and
Chandi Prasad Bhatt.?
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TECHNOLOGY POLICY AND
INDUSTRIAL CHALLENGES (1980s)

The 1980s presented Indian S&T with a double
bind. On one hand, basic needs remained a
pressing challenge, prompting critical evaluation
of prior policies. On the other hand, emerging
new technologies in biotechnology and IT-related
technologies posed new challenges. The Bhopal
Gas tragedy, which claimed over five thousand
lives due to a poisonous gas leak from a Union
Carbide factory in Madhya Pradesh, highlighted
the dangers of neglecting R&D risk assessment—
especially given India’s heavy technology
imports over the previous three decades.?* In
1987 a Technology Information, Forecasting and
Assessment Council was established to examine
and evaluate the existing state of the art in tech-
nology and directions for future technological
developments in various sectors.?° A technocratic
obsession with a one-dimensional S&T policy
faced criticism from thinkers like Ashis Nandy,
Vandana Shiva, Shiv Viswanathan, and Claude
Alvares, culminating in their 1989 manifesto
Science, Hegemony and Violence.?® The environ-
mental domain was one of the early spheres that
relied on the adoption of such impact assessment
decision-making tools.?” With the rise of some anti-
science sentiments, P. N. Haksar, a top bureaucrat
and close associate of Nehru and Indira Gandhi,
issued a public “Statement of Scientific Temper”
along with a group of intellectuals.?8

The 1983 Technology Policy Statement (TPS)
emphasized technology assessment and strength-
ening the indigenous base of these emerging fields.
Subsequent policies, including the 1984 Computer
and Electronics Policies and the creation of the
Centre for Development of Telematics (C-DOT),
responded to this vision. C-DOT catalyzed India’s
telecom expansion, increasing lines from two mil-
lion to twenty million.22 The decade also saw the
establishment of the Centre for Development of
Advanced Computing (C-DAC) in 1988, which

developed India’s first supercomputer, PARAM 1
GF, paving the way for subsequent generations.
The Indian software story began with the National
Centre for Software Technology at TIFR in 1985
and the National Centre for Software Development
and Computing Techniques, which helped launch
India’s first email system and prototype multicity
Railway Passenger Reservation System.30 This
phase also witnessed developments in enhanc-
ing India’s defense technology. Itty Abraham
points out that “India probably became a nuclear
‘power” around 1986, when Rajiv Gandhi was prime
minister.”3! Rajiv Gandhi authorized the application
of India’s nuclear capability to making weapons and
authorized the test launch in May 1989 of India’s
intermediate range ballistic missile Agni-1.32

The one-dimensional phase of technology policy
thrived with Rajiv Gandhi at the helm of affairs and
technocrat Sam Pitroda giving technical solutions
to social problems. In response to various criti-
cisms over basic needs and the challenges faced
by underprivileged sections of people, the gov-
ernment initiated various flagship programs under
technology missions in immunization, oilseed,
drinking water, literacy, and telecommunications
under the charge of Sam Pitroda in 1987. As Harsh
Sethi pointed out, the drive of technology mis-
sions and innovations was coupled with democ-
racy.33 It is not surprising that Dinesh C. Sharma
noted that “if Nehru was the political patron of
Indian science, Rajiv was the political patron of
Indian technology. In the Nehru era science devel-
oped through politician-scientist alliances, in the
Rajiv era technology developed through politician-
technocrat alliances.”3* By the 1980s, two distinct
streams in the study of science, technology, and
society became evident in India. Science policy
analysts, such as Ashok Jain, began to highlight
the coexistence of elite and subaltern networks
of science and society. The elite stream referred
to the formal, state-supported scientific estab-
lishment. In contrast, the subaltern stream cap-
tured the experiences of grassroots innovation
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and indigenous knowledge systems that often
remained outside mainstream policy discourse.3®

LIBERALIZATION SHAPING S&T
POLICIES: POST 1991

The early 1990s marked a turning point in India’s
economic and technological landscape with the
liberalization reforms initiated by Finance Minister
Manmohan Singh in 1991. Central to these
reforms was the New Industrial Policy, which
emphasized export-led growth, a greater role for
the private sector as the engine of development,
freer market operations, and the pursuit of global
niches in international markets.3® This represented
a major departure from India’s earlier protectionist
and inward-looking import-substitution policies.
The post-1991 era signaled a new phase in which
S&T became closely intertwined with economic
liberalization and market imperatives. It is rather
surprising to note that the Indian government did
not issue any formal S&T policy after the 1983
TPS until 2003, when Science and Technology
Policy (STP) was announced. This policy called
for increasing the existing R&D investment as a
proportion of GDP from 0.7 percent to 2 percent;
attracting Indian global talents; and establishing
an intellectual property regime.®” The National
Knowledge Commission, established in 2005,
provided recommendations on higher educa-
tion, research infrastructure, intellectual property,
and knowledge dissemination. The STP of 2003
underlined the importance of translating scientific
research into commercial applications and soci-
etal benefits.®® India’s S&T landscape witnessed
significant consolidation and expansion, with four
major sectors driving growth and development.

BIOTECHNOLOGY AND
PHARMACEUTICALS

Since the early 1990s, India’s biotechnol-
ogy sector has grown rapidly. The Department
of Biotechnology expanded its budget from

INR 180 million (1986) to 1,863 million (2001),
establishing sixteen labs and supporting advanced
programs at over thirty-five universities. It created
new chairs, scholarships, and six national labs in
molecular biology and biotechnology, achieving
global standards. A major success was the low-
cost hepatitis B vaccine developed by national labs
with Serum Institute, Shanta Biotech, and Bharat
Biotech, reducing costs from $16.00 to $0.5 per
dose.® The 1970 Indian Patent Act transformed

the pharmaceutical sector by allowing reverse
engineering of expired patents, spurring a thriving
generics industry. By 1995, thirteen firms controlled
85 percent of the domestic market. With strong R&D
links through the CSIR and University Department
of Chemical Technology Mumbai, India became the
world’s largest supplier of generics by 2020, valued
at $37 billion with $20 billion in exports and pro-
jected to reach $130 billion by 2030.4°

INFORMATION TECHNOLOGY
AND SOFTWARE

Thomas Friedman’s 2005 visit to Bangalore
inspired his book The World Is Flat, reflecting
India’s global rise.#! Economic reforms in the 1990s
fueled the information and communication tech-
nology (ICT) boom. By 2014, India had 950 million
mobile users and 200 million internet users. Cities
like Bangalore, Pune, Hyderabad, and Delhi-
National Capital Region became global R&D hubs
for over 1,000 multinationals, including IBM, Intel,
Microsoft, and General Electric, employing 244,000
professionals. The IT sector generated $110 billion
in revenue and contributed 7 percent of the GDP.#2

AUTOMOBILE INDUSTRY

India’s auto industry expanded with indigenous
innovation. Tata Motors developed the Tata

Sierra (1991), Estate (1992), Sumo (1994), and
Indica (1998)—India’s first fully indigenous car.
Mahindra and the Mahindra company advanced
with models like the Scorpio, Bolero, and XUV500
(2011).#® Collaborations with IITs boosted R&D in
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engines and electric vehicles. Production rose
from 5.3 million units (2001-02) to 20.3 million
(2011-12), contributing 5 percent to the GDP and
employing over 320,000 people.*4

AEROSPACE AND SPACE TECHNOLOGY

India’s aerospace and space sectors emerged as
global S&T showcases. The CSIR’s aerospace lab-
oratories engineered advanced defense projects,
including light combat aircraft (Tejas). The ISRO
achieved major milestones, developing the polar
satellite launch vehicle (PSLV) in 1993 for remote-
sensing satellites and the geosynchronous satellite
launch vehicle (GSLV) with indigenous cryogenic
technology. By 2012 the PSLV had completed over
fifty successful launches, and the GSLV achieved
ten successful geosynchronous launches out

of thirteen attempts. Around 2010, India devel-
oped the GSLV Mark Ill, enhancing capabilities

for heavier satellites and interplanetary missions,
marking India’s leadership in space technology.*®

S&T IN INTERNATIONAL COLLABORATION

India deepened global science partnerships.*®

It joined the EU’s International Thermonuclear
Experimental Reactor fusion project, the Facility
for Antiproton and lon Research, and the Galileo
satellite navigation system. The Indo-US nuclear
deal marked a milestone in science diplomacy.
Collaboration with Japan led to the Delhi Metro,
which became one of the world’s largest networks
by 2012.

POST-2014 PHASE UNDER THE
NARENDRA MODI REGIME

The Modi era has been marked by a strong
political-bureaucratic orientation, with the Prime
Minister’s Office assuming a central and direc-
tive role in shaping the STIPs for the development
agenda. This articulation reflected a governance
model that is predominantly top-down, leav-

ing relatively limited space for market actors,

academic institutions, and civil society compared
to earlier regimes—a marked departure from the
more pluralistic approach of previous decades.*’
Modi emphasized that “there is a mood of opti-
mism for change in the country, the energy to
pursue it and the confidence to achieve it. But the
dreams we all share for India will depend as much
on S&T as it will on policy and resources.”*8

The optimistic STIPs policy discourse resonated
quite well in the international print media. As
reported by Time magazine on May 7, 2015, Modi
declared that “my philosophy, the philosophy of
my party and the philosophy of my government

is what | call Sabka saath, sabka vikas” (take
everybody together and move toward inclusive
growth).*® During later years the phrase sabka
vishwas (everyone’s trust) was added. On eco-
nomic front, The Economist on May 24, 2014,
indicated a great sense of economic optimism for
India with the cover page headline “Strong Man:
How Modi Can Unleash India.”® Unlike most East
Asian countries, India has never had a strong
state, but instead, optimists argued, it had bril-
liant entrepreneurs who could wheel and deal the
country to prosperity.®!

The concept of self-reliance in science and tech-
nology policy—so central to the Nehruvian era
from the 1970s to the 1990s—was revitalized
under the Modi government through the Make in
India initiative launched in 2014. On August 15,
2014, he clearly spelled out: “I want to tell the
people of the whole world: Come, make in India.
Come and manufacture in India. Go and sell in any
country of the world but manufacture here. We
have skill, talent, discipline and the desire to do
something. We want to give the world an opportu-
nity: come, make in India.”®?

Voices on innovation and development were
much louder than any of the previous govern-
ments. As widely circulated in Indian and inter-
national print media, optimists believed that the
new government was likely to link up the STIPs
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TABLE 8.1 MAIN SCIENCE TECHNOLOGY AND INNOVATION (STI) POLICIES OF GOVERNMENT, 2014-22

Modi government'’s flagship

programs

Main STI policies

Main STI policies

Make in India (2014)

Digital India (2015)

Start-Up India (2016)

National Skill India Mission

(2015)

Green India (2014)

Smart Cities and Urban
Development (2016)

Clean India (Swachh Bharat)

(2014)

Atal Bhujal Yojana (2019)

National IPR Policy (2016)

Startup India Action Plan (2016)

National Telecom Policy (2012)

National Policy on Skill Development
and Entrepreneurship (2015)

Technology Vision 2035 (2016)

National Innovation and Startup
Policy 2019 for Students and Faculty

National Policy Academic Ethics
(2019)

National Education Policy (2020)

Science, Technology and
Innovation Policy (2013 and 2020)

National Data Sharing and
Accessibility Policy (2012)

National Policy on Biofuels (2018)

National Policy on Software
Products (2019)

National Policy on Electronics (2019)

National Cyber Security Policy
(2013)

National Digital Communications
Policy (2018)

National Biotechnology

Jal Jeevan Mission (2019)

Development Strategy (2020)

National Geospatial Policy (2022)

Source: Author’s compilation from published government documents. IPR=Intellectual Property Rights.

agenda with the socioeconomic development
spectrum.58 STIP 2013, from the previous regime,
was endorsed by the government. Modi said, “The
arms of science, technology and innovation must
reach the poorest, the remotest and the most vul-
nerable person. This is an enterprise of national
importance in which each of us—government,
industry, national laboratories, universities and
research institutions—have to work together. Too
often, a discussion on S&T is reduced to a ques-
tion of budgets. It is important and | am confi-
dent that it will continue to grow.”** During 2014
and 2019, the government identified a number

of national flagship programs such as Digital
India, Green India, and more, as shown in the first
column of table 8.1.5° The table also shows vari-
ous S&T policies issued until 2022. They demon-
strate how S&T has moved beyond laboratories
and research institutions to become directly
embedded in national missions addressing urban

infrastructure, public health, digital connectivity,
energy, and environmental sustainability.

S&T POLICIES FOR DEVELOPMENT

DIGITAL INDIA

Launched on July 1, 2015, the Digital India pro-
gram aimed to use technology for governance,
citizen empowerment, and socioeconomic
growth—continuing earlier digital initiatives. Its
three pillars—digital infrastructure, services on
demand, and citizen empowerment—transformed
connectivity. With BharatNet expansion, India
now has one of the world’s largest online popula-
tions: 1.38 billion Aadhaar identities, 1.21 billion
mobile phones, and 806 million internet connec-
tions. Platforms like Aadhaar, UPI, DigiLocker,
and e-Sign revolutionized service delivery. UPI
made India a global digital payments leader,
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with transactions rising from 9.3 million (2017) to
186.77 billion (April 2025).56

STARTUP INDIA

Launched in 2016 by Department of Promotion
of Industry and Internal Trade, Startup India
reshaped India’s entrepreneurial landscape.
From under 100 start-ups in 2017, the number
rose to 565,000 in 2021 and 159,000 by 2025.
Start-ups are reported to have spread across
620 districts.®” Over 55,000 start-ups include at
least one woman founder, and India now hosts
107 unicorns, ranking third globally. Growth is
strongest in fintech, healthtech, and edutech.
Government funding, incubators, and state poli-
cies such as Maharashtra’s have strengthened the
ecosystem.58

SMART CITIES

The Smart Cities Mission (2015) aimed to modern-
ize one hundred cities with smart infrastructure
and governance.®® Numerous reports in the media
have criticized the concept and targets of Smart
Cities. However, progress has been limited—

only 1.8 percent of allocated funds were used

by April 2018, and no city was fully “smart” by
2024. Despite large investments, the program has
largely remained at the planning stage.®°

CLEAN INDIA

Launched to eliminate open defecation by
October 2019 and improve waste management,
Clean India achieved partial success. About

110 million toilets were built (2014-19), yet sur-
veys showed that 10 percent still lacked access

in 2019.5" A World Bank-supported survey con-
cluded in February 2019 that 10 percent of people
in India remain without access to toilets. Another
survey in four northern states found that between
2014 and 2018, nonaccess to toilets has come
down from 70 percent of the population to 44 per-
cent in these regions.’2 Many of the issues with
the toilet-building program arose from making

clean water available for rural toilets and linking
them to sewage and sanitary systems.

NATIONAL MISSION FOR CLEAN GANGA

Closely related to the Clean India mission was the
National Mission for Clean Ganga, the river that
runs 2,525 km through several states of India and is
also known as Namami Ganga. The main objectives
of this mission were to “ensure effective abatement
of pollution and rejuvenation of the river Ganga.”83
The major science and technical factors attributed
to the failure of the mission concern river flow data
and its interpretation, environmental impact assess-
ment, sludge control, and technical know-how for
sewage treatment plants and their technological
capabilities.®* In 2018 the Centre for Science and
Environment, New Delhi, observed that “even after
4 years and an allotment of Rs 22,000 crore. . ..
flagship program is far from being a success.”®%

SKILL INDIA MISSION

Irrespective of the type of government, the supply
and demand processes in skill development con-
tinue to pose a big challenge for India. This is
because approximately 570 million people (about
90 percent of the total workforce) compose the
informal sector in India in 2024. The government
set up a target of skilling 400 million people by
2022.%6 Empirical studies by Sushil Sharma and
Santosh Mehrotra show that only a modest rise
has been witnessed in various schemes, falling
below the set targets.®” An International Labor
Organization study in 2022 revealed that India was
able to train just over half a million apprentices
out of a workforce of 570 million in 2022-23.68

NEW EDUCATION POLICY 2020:
DRAWING INSPIRATION FROM
ANCIENT INDIAN SCIENCE

The Indian government issued a new National
Policy on Education in 2020 (NEP 2020). The
government targets about a 50 percent gross

THE HOOVER INSTITUTION’S ANNUAL SURVEY OF INDIA 2026 137

Copyright © 2026 by the Board of Trustees of the Leland Stanford Junior University. All rights reserved.



enrollment ration (GER) by 2035. One of the major
thrusts of the NEP is to promote Indian languages
and Sanskrit. The new policy envisions increas-
ing the national investment in education from the
current 3 percent to 6 percent of GDP. In higher
education, the policy proposes a four-year multi-
disciplinary undergraduate course and seeks to
rapidly promote the development of multidisci-
plinary colleges and universities. It proposes to
evolve three distinct categories of universities—
namely, research universities, teaching universi-
ties, and autonomous degree-granting colleges.

One can see a noticeable shift in the contemporary
S&T policy cultures, particularly in education poli-
cies. The importance given to Indian science in
the ancient period, to traditional concepts, and to
some elements of Vedic knowledge was evident
from the policy discourse and the NEP 2020 report.
For instance, while speaking at the 104th session
of the Indian Science Congress (ISC) on January 4,
2015, Modi said, “We in India are the inheritors of a
thriving tradition of Indian S&T since ancient times’
mathematics and medicine, metallurgy and mining,
calculus and textiles, architecture and astronomy.
The contribution of Indian civilization to human
knowledge and advancement has been rich and
varied.”®® Just a year before, on October 25, 2015,
Modi, speaking with a group of doctors and profes-
sionals in Mumbai, claimed that genetic science
existed in ancient times. Reproductive genetics
and plastic surgery, he said, were known in those
times—otherwise, how could one explain Lord
Ganesha?”?

At the 105th ISC in March 2018, Dr. Harsh Vardhan,
science minister, reminded the audience that
Stephen Hawking once said that the Hindu Vedas
had a theory that trumped Einstein’s theory of
relativity. Dr. G. Nageshwar Rao, the vice chancel-
lor of Andhra University, in a paper presented at
the 106th ISC, said, “We had 100 Kauravas from
one mother because of stem cell and test tube
technology.””" Given the overarching views of lead-
ership, it is not surprising to see the NEP’s thrust on

the indigenization of educational orientation and its
focus on ancient thought. It has been clearly spelled
out in the document as well as by the leadership in
the education ministry. As observed by the NEP, “the
rich heritage of ancient and eternal Indian knowl-
edge and thought has been a guiding light for this
policy. The aim of education in ancient India was not
just the acquisition of knowledge as preparation for
life in this world, or life beyond schooling, but for the
complete realization and liberation of the self.”

The National Council of Educational Research and
Training (NCERT), which is mandated to formulate
and prepare school curriculum and textbooks,

has sought to implement NEP recommendations,
which has evoked some criticism in the last couple
of years. For instance, as reported in Scientific
American, the NCERT had dropped the periodic
table and the theory of evolution as propounded
by Charles Darwin from the science syllabus for
Class 10.72 This has evoked sharp criticism and
response from three science academies (Indian
National Science Academy, Indian Association

of Cultivation of Science, and NAS) in India. In a
joint statement, they clearly pointed out that this

is a “retrograde step to remove the teaching of the
theory of evolution from school and college cur-
ricula or to dilute this by offering non-scientific
explanations or myths.” Dinesh C. Sharma, science
journalist, asserts that “the removal of Darwin from
the school syllabus is not an innocuous change.
Seen in the context of revivalism and a return to
the so-called ancient science, it is a retrograde
step for the teaching of science and an onslaught
on rational thinking and scientific temper. It can
adversely impact the quality of higher education in
science, scientific research and India’s position as
a formidable S&T power in the world community.””3
Recently, on August 26, 2025, speaking at an event
at the Indian Institute of Science, Education and
Research, Bhopal, Union Minister Shivraj Singh
Chauhan told students that “we had the pushpak
Vimana long before the Wright brothers invented
the airplane. Drones and missiles that we have
today were already with us for thousands of years,
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we have read all this in the Mahabharata. Our
country’s S&T were already developed thousands
of years ago.”7*

During the Modi regime, however, higher educa-
tion witnessed a significant quantitative expansion,
particularly in the number of premier institutions.
The network of lITs, once confined to a handful of
elite campuses, expanded to 23 by 2024. In paral-
lel, the number of Indian Institutes of Management
(IIMs) grew to 20. At the same time, India witnessed
a rapid rise in the number of central universities,
state universities, and private universities, making
it one of the world’s largest higher-education sys-
tems, with more than 1,113 universities and over
42,000 colleges. The NEP 2020, presented as a
landmark reform in India’s education sector, sought
to restructure school and higher education with a
vision rooted partly in the country’s cultural and
civilizational heritage. The document frequently
highlighted the “glorious past” of ancient Indian
universities such as Nalanda and Takshashila and
emphasized the need to draw inspiration from
Indigenous traditions of knowledge, philosophy,
and holistic learning.

RESEARCH AND INNOVATION AT
UNIVERSITIES

One of the major gaps identified in the policy is
the absence of a concrete road map for strength-
ening research intensity in Indian universities.
Indian universities and colleges have experienced
significant growth in the past decade and a half,
with policies focused on expansion, equity, and
excellence in higher-education institutions. The
data on research output from universities indi-
cates that this sector contributes to approximately
70 percent of total publications but accounts for
less than 7 percent of gross expenditure on R&D
(GERD) in 2020.7% A small proportion of R&D efforts
and funding in the university sector appears to

be focused on a limited number of universities.
Consequently, the research base is also concen-
trated within a small number of universities as a

whole. The low level of R&D effort and research
intensity in Indian universities is closely associated
with a relative stagnation or decline in the number
of postgraduates and doctoral degrees produced.
The research output of Indian universities has
been criticized for being insufficient and of rela-
tively low quality compared to international stan-
dards.’® The lack of substantial R&D investments in
universities over the past two decades has signifi-
cantly aborted their ability to compete at the inter-
national level, as evident from their absence in the
top rankings of world-class universities.

CONTEMPORARY PHASE OF STI:
MISSION-ORIENTED SCIENCE
AND INNOVATION

During the last few years, India’s scientific and
technological capabilities have gained interna-
tional recognition, particularly in the field of space
research. The ISRO achieved a historic milestone
by successfully launching the Chandrayaan-2 and
Chandrayaan-3 missions in 2019 and 2023. While
the former, through Rover, could study the moon’s
surface by entering lunar orbit, the latter success-
fully landed on the lunar surface. Building on this
momentum, the ISRO also launched the Aditya-L1
mission on September 2, 2023, which was India’s
first dedicated solar observation satellite, marking
a significant step in solar research and climate-
related space science. Recently, on June 30,
2025, the ISRO, jointly with NASA, successfully
launched an Earth-observing satellite.””

Despite severe global disruptions, India success-
fully developed and manufactured indigenous
vaccines, including Covaxin and Covishield
during the COVID-19 pandemic. Millions of Indian
citizens were vaccinated in a remarkably short
span of time, highlighting the country’s capac-
ity for mass healthcare delivery in emergen-
cies. Furthermore, India exported 162.9 million
doses of vaccine to numerous countries under
initiatives like Vaccine Maitri, strengthening its
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TABLE 8.2 MISSION-ORIENTED INNOVATION PROGRAMS, 2025

Budget allocated in INR (million)

Name of the mission/year of initiation 2025-26 (in million US$)
National Geospatial Mission (2025) 1,000 (11.76)
National Mission for Artificial Intelligence (2024) 20,000 (235.29)
Mission Mausam (2024) 17,520 (206.11)
National Quantum Mission (2023) 6,000 (70.5)
National Green Hydrogen Mission (2022) 6,000 (70.5)
India Semiconductor Mission (2021) 140,000* (1674)
Deep Ocean Mission (2021) 6,000 (70.5)
National Electric Mobility Mission Plan (2020) 53,220 (626.11)
National Mission on Interdisciplinary Cyber-Physical Systems (2018) 9,000 (105)
Ayushman Bharat—National Health Infrastructure Mission (2018) 42,000 (494.11)
National Biopharma Mission (2017) 3,000% (35.29)
Atal Innovation Mission (2016) 27,500 (323)*
National Supercomputing Mission (2015) 2,650 (31.17)
Mission for Integrated Development of Horticulture (2015) 2,180 (25.64)
Jawaharlal Nehru National Solar Mission (2010) 242,240§(2,849.88)

International Solar Alliance (2015)
National Program on Nano Science and Technology (2017) NA

INSPIRE (2010) 16920 (199)

* Includes the development of semiconductors and display manufacturing ecosystem; semiconductor fab units; set up
of ATMP (assembly, testing, marking, and packaging) and OSAT (outsourced semiconductor assembly and test) units;
Semiconductor Laboratory in Mohali; design-linked incentive scheme etc.

T Jointly with the World Bank
* For four years
§ Total solar energy budget allocation

Source: Aditi Agrawal, “Budgetary Allocation for MeitY Up by 48%; Focus on Electronics, Semiconductors,” Hindustan
Times, February 1, 2025, https://www.hindustantimes.com/india-news/budgetary-allocation-for-meity-up-by-48-focus
-on-electronics-semiconductors-101738405554095.html#google_vignette.

global standing in public health diplomacy.”®
Recognizing the success of its space and vac-
cine missions, the government began to adopt

a “mission-mode” strategy, in which scientific
and technological efforts are concentrated on
mission-oriented innovation programs (table 8.2).

The global discourse around the Fourth Industrial
Revolution (4IR), which gained prominence at the
World Economic Forum (WEF), provided a strong
external stimulus for Indian leadership to acceler-
ate its strategic reorientation. The WEF’s 2016 artic-
ulation of the 4IR sent out a compelling message.

140 VENNI V. KRISHNA » SCIENCE, TECHNOLOGY, AND INNOVATION POLICIES FOR DEVELOPMENT
Copyright © 2026 by the Board of Trustees of the Leland Stanford Junior University. All rights reserved.


https://www.hindustantimes.com/india-news/budgetary-allocation-for-meity-up-by-48-focus-on-electronics-semiconductors-101738405554095.html
https://www.hindustantimes.com/india-news/budgetary-allocation-for-meity-up-by-48-focus-on-electronics-semiconductors-101738405554095.html

Its defining feature lay in the convergence of digi-
tal, biological, and physical technologies, leading
to profound systemic shifts. The breadth and depth
of these transformations signaled nothing short of
a paradigm shift—reshaping systems of production,
reconfiguring organizational and managerial prac-
tices, and redefining governance frameworks.”®
Together with the 4IR, the rise of China posed a
new set of challenges. For India, this served as

a wake-up call to pursue mission-oriented S&T
approaches, foster cross-sectoral collaboration,
and enhance investments in frontier technologies
such as artificial intelligence, advanced materials,
quantum technology, robotics, and biotechnology.
In the last decade, more than a dozen frontier sci-
ence and innovation missions were launched, as
shown in table 8.2. Some leading science missions
deserve brief explanation.8®

NATIONAL QUANTUM MISSION

About US$1.12 billion has been allocated for the
National Quantum Mission since 2020.8" India has
established four quantum hubs focused on com-
puting, communication, sensing and metrology,
and materials and devices. It targets satellite-based
secure quantum communications over 2,000 km
within India, long-distance secure links with other
countries, intercity quantum key distribution, and
multinode quantum networks with quantum memo-
ries. Efforts include the design and synthesis of
quantum materials—including superconductors,
novel semiconductor structures, and topological
materials—for quantum device fabrication. The
development of single-photon and entangled-
photon sources/detectors will support quantum
communications, sensing, and metrology applica-
tions.82 One of the important steps taken immedi-
ately after launching the mission was to developing
courses for and promote advanced research at
leading Indian universities.®® India’s effort remains
nascent: TIFR has developed a 7-qubit system,

while a Bengaluru-based startup announced 25- and
64-qubit processors, aiming to scale up to 300 qubits
in the near future. In the medium term, the plan is to

develop quantum computers with 50 to 1,000 qubits
in eight years (2025-33).

NATIONAL MISSION FOR ARTIFICIAL
INTELLIGENCE

Tracking the international developments taking
place in emerging technologies such as Al,

India decided to initially invest INR 103,720 mil-
lion (US$1.25 billion) to expand its computing
infrastructure and capacity to create local data
centers. In five years the plan is to set up comput-
ing capacity for ten thousand graphic process-
ing units under public-private partnership.8* The
National Mission for Artificial Intelligence aims to
establish a platform to integrate Al into various
sectors such as healthcare, agriculture, educa-
tion, and more.8> One of the important projects
that has already taken shape at [IT Madras is to
build multiple large language models relevant to
the Indian language ecosystem.8 At the National
Informatics Centre, a center for excellence in Al
has already been established.®” Another important
aspect of the Al mission is to become self-reliant
on cloud services for security and critical data.
Serious attempts have been made to take advan-
tage of India’s base in software computing.

INDIA SEMICONDUCTOR MISSION

Having “missed the bus” in the 1980s and 1990s,
India launched the India Semiconductor Mission
in 2021 to accelerate domestic capabilities,
reduce dependence on imports, and promote
self-reliance in this critical sector. An investment
of INR 760,000 million, or about US$9 billion, was
budgeted for five years. The main objectives are
to establish semiconductor fabs and display fab-
rication units to create a domestic manufacturing
capacity in the new generation of technologies.
Micron Technologies announced an assembly
and testing facility in Gujarat in collaboration
with the mission.88 OSAT facilities are also being
set up by the Tata Group and Renesas and its
joint venture partners in Assam and in Sanad,
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Gujarat. The semiconductor company CG-Semi

is expected to roll out the first Made in India chip
from this pilot facility.8° In February 2024 the Tata
Group announced a partnership with Powerchip
Semiconductor Manufacturing Corporation,
Taiwan, the world’s fourth-largest chipmaker from
Taiwan, to set up India’s first commercial fab in
Dholera, Gujarat. The fab is estimated to cost INR
910,000 million or US$11 billion and is likely to
generate 20,000 jobs. This fab will manufacture
up to 50,000 wafers per month.%° The C-DAC,
serving as the nodal agency, will advance chip
design infrastructure tailored to both domestic
and global markets.®' With 97 percent of the initial
Semiconductor Mission 1.0 (76,000 crore) fund
already committed, the government is likely to
launch Semiconductor Mission 2.0 with a budget
of *1.76 lakh crore.

NATIONAL GREEN HYDROGEN MISSION

The National Green Hydrogen Mission seeks to
position India as a global hub for the production,
utilization, and export of green hydrogen and its
derivatives. The total budget earmarked through
the Ministry of New and Renewable Energy is
INR 197,440 million, or US$2.322 billion. Two distinct
financial incentive schemes are proposed for the
manufacture of electrolyzers and the production
of green hydrogen.®2 To accelerate innovation,
the mission will establish a public-private part-
nership framework for R&D through the Strategic
Hydrogen Innovation Partnership.

NATIONAL ELECTRIC MOBILITY MISSION

The National Electric Mobility Mission provides
a road map for the adoption and manufacturing
of electric vehicles in India, aiming to enhance
national fuel security and promote environ-
mentally friendly transportation. The budget
outlay is INR 259,380 million, or US$3 billion.
The PLI (Production Linked Incentive) Scheme
for Advanced Chemistry Cell, with a budget of
INR 181,000 million, or US$2.1 billion, has been

launched. Another scheme is the PM Electric Drive
Revolution in Innovative Vehicle Enhancement,
with a budget outlay of INR 109,000 million, or
US$1.282 billion. The fourth is the PM e-Bus Sewa-
Payment Security Mechanism to deploy thirty-eight
thousand electric buses with the outlay of

INR 34,350 million, or US$404 million. The fifth

is the Scheme for Promotion of Manufacturing of
Electric Passenger Cars in India, with a budget
outlay of INR 41,500 million, or US$488.2 million.%3
These schemes and new initiatives are expected
to further boost domestic production and reduce
import dependence.

NATIONAL MISSION ON
INTERDISCIPLINARY CYBER
PHYSICAL SYSTEM

The Department of Science and Technology is
implementing a multistakeholder National Mission
on Interdisciplinary Cyber Physical System
(NM-ICPS). The mission was approved by the
government with an outlay of INR 36,600 million
or US$430 million for a period of five years. The
NM-ICPS is a comprehensive mission aimed to
achieve complete convergence with all minis-
tries, departments, and stakeholders in robot-
ics, Al, digital manufacturing, big-data analysis,
deep learning, quantum communication, and the
Internet-of-Things by establishing strong linkages
between academia, industry, government, and
international organizations.%*

NATIONAL BIOPHARMA MISSION

The National Biopharma Mission encompasses bio-
technology, pharma, and vaccines, with a focus on
public-private partnerships. India’s bioeconomy has
expanded thirteen times, growing from $10 billion

in 2014 to $130 billion in 2024, with a projection to
reach $300 billion by 2030. The private sector has
been the primary driver of growth in India’s biotech-
nology industry, supported by a range of govern-
ment initiatives. These include the establishment

of the Biotechnology Industry Research Assistance
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TABLE 8.3 R&D EXPENDITURE AS PERCENTAGE OF GDP AND S&T OUTPUT: INDIA VERSUS CHINA,

1990-2025

Year India GERD/GDP percent

India S&T output™®

China GERD/GDP percent  China S&T output®

1990 0.8 10113
1995 0.62 10907
2000 0.74 21000
2005 0.81 24000
2010 0.82 60555
2015 0.7 80195 (2013)
2020 0.64 149213
2021 0.66 —
2022 0.7 =
2023 0.7 228174
2024 0.65 —
2025 0.7 =

0.5 6407
0.7 9624
0.9 22702
1.3 36985
1.7 308769
21 351526 (2013)
2.4 669744
2.5 =
2.6 =
2.6 932712
2.7 =
2.8 =

* Based on NSF data (Web of Science).

Council to strengthen industry-academia link-
ages and promote innovation. Much of the sec-
tor’s expansion has been supported by contract
manufacturing in the biopharmaceutical segment,
encompassing the production of vaccines, diagnos-
tics, biotherapeutics, and biosimilars for global mar-
kets.?® Apart from the Department of Biotechnology,
which houses more than twenty-five labs and
research institutions, the mission established
twenty-one research facilities for biomanufacturing.

ATAL INNOVATION MISSION

The Atal Innovation Mission (AIM) was launched
in 2016 to cultivate an innovative mindset among
school students holistically through Atal Tinkering
Labs (ATLs). The aim was to equip young minds to
explore, experiment, and create. During 2016-19
the government allocated INR 10,000 million or
US$117.6 million to create ten thousand ATLs in
various Indian schools. The mission received a

budget of US$323 million in 2025. In addition to this, the
Ministry of Education allocated INR 1,286,500 million
(US$14.8 billion) to establish fifty thousand ATLs
in government schools by 2030 to foster innova-
tion and practical learning among students. The
AIM has successfully operationalized seventy-two
Atal Innovation Centres across India, which are
reported to have incubated twenty-nine hundred
start-ups.®®

FUNDING IN SCIENCE AND
TECHNOLOGY

Despite ambitious policy initiatives and the grow-
ing importance of technology-driven development,
India’s GERD as a share of GDP has remained rela-
tively stagnant over the last three decades. In the
1990s, GERD hovered around 0.8 percent of GDP,
but by 2025 it had slightly receded to approxi-
mately 0.7 percent. More than 50 percent of GERD
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is consumed by strategic sectors of atomic energy,
space, and defense. The rest, spread across vari-
ous sectors and programs, pose constraints in
realizing the objectives of these programs. The
comparative growth of GERD/GDP for India and
China can be seen in table 8.3. In Purchasing
Power Parity terms, India’s GERD in 2024 is
approximately US$71.3 billion, whereas China’s
GERD stands at US$494.7 billion. Further, while
India’s total R&D spending has grown in absolute
terms over the past decades, the private sector’s
share of GERD has remained relatively low, hover-
ing around 35-40 percent, compared to more than
70 percent in countries like China.

ROLE OF PRIVATE SECTOR IN R&D

Globally, private industry accounts for nearly

70 percent of GERD in countries such as South
Korea, Japan, and across the Organisation for
Economic and Co-Operative Development coun-
tries. In contrast, the share of private-sector

R&D expenditures in India remained stagnant, at
around 25-30 percent from the 1990s until 2015,
and has only marginally increased to 35-40 per-
cent in recent years. As Naushad Forbes of the
Confederation of Indian Industry points out,
private R&D spending in India still amounts to a
mere 0.3 percent of GDP, compared with a global
average of 1.5 percent. Interestingly, about 70 per-
cent of the world’s top five hundred multinational
corporations have established Global Capability
Centres in India, creating significant employment
opportunities for Indian scientists and engineers.
For example, General Electric employs nearly
five thousand engineers in India while Bosch has
a workforce of around twenty thousand Indian
engineers. This raises an important question, as
Forbes argues: If foreign multinationals can lever-
age India’s talent pool so extensively, why have
leading Indian firms such as Reliance and L&T
failed to make comparable investments in R&D?%7

One key reason is that leading Indian private firms
have not been investing in R&D in proportion

to their profits and business turnover, unlike
their counterparts in Japan and South Korea. To
examine this issue more closely, the Office of the
Principal Scientific Adviser to the Government,
in collaboration with the Ministry of Corporate
Affairs, commissioned a study in 2023-24 on the
state of private-sector R&D in India. Out of 1,000
listed firms reviewed, the report was able to iden-
tify only the top 20 R&D-intensive companies for
2022 and 2023.%8 The top 20 out of 911 Indian
firms accounted for 71 percent of the country’s
total R&D expenditure in 2023. Despite this con-
centration, Indian firms lag significantly behind
their international counterparts, particularly in
neighboring China. For example, in 2023-2024,
just 2 Chinese companies—BYD, an electric
vehicle manufacturer, and Tencent, active in Al
and automation—invested US$7.48 billion and
US$8.9 billion, respectively, in R&D, far exceeding
the expenditures of individual Indian firms.

This chronic underinvestment in scientific research
has increasingly been recognized as a structural
barrier to linking S&T policies to development
objectives as well as to India’s aspiration of becom-
ing a knowledge-driven economy. In response

the government established the Anusandhan
National Research Foundation (ANRF) in 2023.%9
Two other agencies—namely, the Research and
Development Innovation Scheme and Vigyan
Dhara Scheme, were created to enhance India’s
GERD. Additionally, the budget for the Innovation

in Science Pursuit for Inspired Research (INSPIRE)
Scheme was increased by more than threefold,
from INR 5,460 million, or US$64.2 million, in 2012
to INR 16,920 million, or US$199 million, in 2025.
This scheme was created to attract, nurture, and
retain meritorious talent in S&T.

ANUSANDHAN NATIONAL RESEARCH
FOUNDATION
The ANRF aims to fund the mission orientation in

science in frontier areas such as Al, quantum tech-
nologies, biotechnology, advanced materials, and
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clean energy.’°° By adopting a mission-oriented
approach, the ANRF signals India’s determination

to break free from decades of low R&D intensity

and to accelerate its transition toward becoming a
global player in science, technology, and innovation.
The ANRF was conceived along the lines of the US
National Science Foundation (NSF), with a mandate
to catalyze high-quality research across universities,
research laboratories, and industry. It was charged
with disbursing US$6 billion to universities and
laboratories over five years—with 70 percent of this
coming from nongovernmental sources and indus-
try. The overall budgetary provision for the ANRF is
1 lakh crore or US$11.34 billion. The government in
2025 allocated INR 20,000 million or US$235 million.

RESEARCH, DEVELOPMENT, AND
INNOVATION SCHEME

The government launched the Research,
Development, and Innovation (RDI) Scheme

in July 2025, backed by a substantial budget-

ary allocation of *1 lakh crore (approximately
US$11.34 billion).™ The RDI Scheme is designed to
catalyze private-sector participation in high-impact,
cutting-edge research and innovation, ensuring that
the commercialization of scientific breakthroughs
closely aligns with national development priori-
ties.'92 By complementing the ANRF’s focus on
foundational research, the RDI Scheme represents
a strategic policy shift toward a mission-oriented
innovation ecosystem, bridging the gap between
basic science and applied industrial research.

VIGYAN DHARA SCHEME

The Vigyan Dhara Scheme came into effect on
January 16, 2025. The scheme was allocated
INR 14250 million, or US$167.64 million. It merges
three key umbrella schemes of Department of
Science and Technology into one.'% Under the
Vigyan Dhara early-stage mentorship support
(National Initiative for Developing and Harnessing
Innovatios-Seed Support) program, support has
been extended to thirty-six Technology Business
Incubators (TBIs) located across India. These

TBIs serve as critical platforms for nurturing early-
stage start-ups and translate innovative ideas into
viable commercial ventures.!%

PRODUCTION LINKED INCENTIVE
SCHEME

The PLI Scheme launched in 2020 aids firms’
technological capabilities to boost manufacturing
and attract both local and global firms to India.!%%
The scheme identified fourteen key sectors (e.g.,
electronics, pharma, solar Photovoltaic modules,
autos and automobile components, telecom,
textiles, specialty steel, drones, etc.) where India
has the potential to scale up through establishing
R&D and technological capabilities. The Business
Standard reports that one product, smartphones,
witnessed a boost of about $US12 billion in exports
in the current financial year.'°® The total outlay
budget across all sectors is INR 1.97 lakh crores, or
US$22 billion. With the PLI Scheme, policymakers
expect to increase the manufacturing proportion
of India’s GDP from 17.7 percent in 2024 to at least
24 percent in the coming few years.'0”

CAPACITY BUILDING AND HUMAN
RESOURCE DEVELOPMENT SCHEME

This scheme, with a total outlay of INR 22,770 mil-
lion, was launched recently on September 24,
2025108 |t was implemented by the CSIR and will
cover all R&D institutions and universities across
the country. The initiative provides a wide platform
for young, enthusiastic researchers aspiring to
build careers in academic institutions, industry, and
national R&D laboratories. This step will certainly
aid doctoral and postdoctoral scholars but may not
build research intensity in the university sector.

CONCLUDING REMARKS

In 1947, India’s life expectancy at birth was barely
35-37 years; by 2024-25 it had nearly doubled
to around 73.4 years.'%® The under-5 mortality
rate, which stood at 260 per thousand in 1950,
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declined sharply to 32 in 2025. Inequality, accord-
ing to Thomas Piketty, widened between the rich
and poor because of liberalization and global-
ization."® However, more than 170 million people
were also lifted out of poverty in the two decades
preceding the COVID crisis. With a population of
nearly 1.4 billion, India has not relied on external
food aid since the 1960s. The Green and White
Revolutions, supported by India’s agricultural
science community, made immense contribu-
tions to building national capacities in food and
dairy production. Yet, as M. S. Swaminathan has
consistently reminded us, the task ahead lies in
achieving a second Green Revolution founded on
sustainability and resilience in agricultural sys-
tems. These remain no small achievements by any
standards. The progress illustrates that S&T have
had a direct impact on society, but the pace has
been very slow. Fifty-five percent of the popula-
tion, nearly 700 million, are still dependent on
agriculture but contribute only 18 percent of GDP.
There is a big challenge for India in this sector.

Notwithstanding criticisms of the present regime,
it is undeniable that the Nehruvian era (1950s-
80s) laid a strong institutional foundation for sci-
ence, technology, and higher education in India.
This period saw the creation of national laborato-
ries, research councils, and specialized institutes
that became the backbone of India’s scientific
enterprises. Institutions such as the IITs and |IMs
emerged as centers of excellence in engineering,
technology, and management, with the IIT brand
gaining global visibility through its alumni network
in Silicon Valley—numbering over eleven thou-
sand by the 1990s. IIT graduates have significantly
contributed to India’s ICT growth, which accounts
for 8 percent of GDP in 2025. India’s mission-
oriented agencies in space and atomic energy
also achieved international recognition, and the
scientific temper fostered during this era contin-
ues to shape the nation’s innovation trajectory.

The first two phases examined in this chapter—
the nation-building and technology policy

eras—demonstrate how sustained investments
in education and S&T infrastructure laid the
foundation for later policy initiatives. However,
India’s experience in export promotion and high-
technology competitiveness was limited, except
in sectors such as software and biopharma.
Postindependence S&T policies were primarily
directed toward self-reliance and import sub-
stitution, aiming to develop indigenous capaci-
ties in heavy industry, defense, atomic energy,
and space. While these efforts succeeded in
reducing technological dependence, they con-
strained export orientation and global integra-
tion. Consequently, as East Asian economies
advanced, India’s innovation system lagged,
leading economists in the 1990s to describe

it as a case of “low payoffs from a relatively
well-developed scientific and technological
infrastructure.”™

The 1991 economic reforms marked a decisive
shift in India’s science, technology, and industrial
policy. Moving beyond the limitations of import
substitution, policymakers sought greater global
integration, private-sector participation, and tech-
nology transfer through foreign collaboration. The
reforms accelerated GDP annual growth to an aver-
age of over 7.5 percent, driving industrial expansion
and the rise of internationally competitive sectors
such as IT, pharmaceuticals, and biotechnology. In
the S&T sphere, emphasis shifted toward industry-
academia collaboration, technology incubation,
and research commercialization. Unlike the ear-
lier self-reliance model, the post-1991 framework
aimed to harness global knowledge networks while
strengthening domestic capabilities.

Although the post-1991 liberalization era is not
always explicitly acknowledged in current policy
narratives, successive governments have contin-
ued to strengthen the national innovation system
shaped since the 1990s. Since 2014, policies
have emphasized technology-driven develop-
ment, private-sector innovation, and global com-
petitiveness, reflecting continuity with earlier
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reforms. Initiatives such as Make in India, Digital
India, and Startup India, along with missions in
space, biotechnology, and renewable energy,
highlight efforts to achieve scientific self-reliance
while engaging with global knowledge networks.
Despite rhetorical shifts, recent strategies repre-
sent a pragmatic extension of the liberalization
legacy, aiming to build a dynamic and globally
integrated innovation ecosystem.

The Modi government’s flagship programs—
including Digital India, Clean India, and Smart
Cities—explicitly link S&T to national develop-
ment, reflecting efforts to improve living standards
and modernize infrastructure such as highways,
ports, and airports. By all accounts, flagship ini-
tiatives, with the exception of Digital India, have
made visible progress but continue to fall short of
their stated targets, rendering their outcomes only
partially successful in 2025. Large-scale missions
in space, renewable energy, biotechnology, and
health aim to position India within emerging global
technological domains like Al and quantum com-
puting. Significant reforms have been introduced
in the governance of the science, technology, and
innovation system. However, India’s GERD-to-GDP
ratio has remained stagnant at around 0.7 percent
for over two decades, severely limiting high-risk
research, advanced technology development, and
global competitiveness. Persistent underinvest-
ment in R&D continues to constrain India’s transi-
tion toward a fully knowledge-driven economy.

India and China in the early 1990s were at similar
levels of R&D investment at around 0.7 percent of
GDP. Interestingly, India’s science output, based
on the Institute of Scientific Information database,
indicated nearly ten thousand papers per year

in 1992 compared to fewer than six thousand by
China"? In 2024, China overtook India by releas-
ing four times India’s science output as measured
by the Science Citation Index data base. How did
this happen? During these years, Chinese R&D and
GDP scaled up from 0.7 to 2.7 percent. The decade
long goal of scaling up the education budget from

3 to 6 percent of GDP is still a big dream for India.
Even though 65-70 percent of the total national
science output is produced by universities, they
are allocated only about 5-6 percent of GERD,

for some thirty universities. What has come to be
known as the Humboldtian goal remains to be
accomplished. Two and a half decades of relative
stagnation in national R&D investments have drasti-
cally thwarted universities’ ability to compete at the
international level with the top-ranked world-class
institutions. Whereas China has been able to place
about a dozen universities in the top 100-200 band,
no Indian universities figure in this bracket of rank-
ings, and only 3-5 Indian universities rank in the
250-300 bracket.

Finally, the government has woken up to recog-
nize India’s significant limitations and has sought
to address these by launching several R&D and
innovation-funding schemes, including the ANRF,
in recent years. However, a major structural
challenge lies in the design of these schemes.
For example, in the ANRF over 70 percent of

the promised budget is contingent on public-
private partnerships, placing a heavy reliance on
private-sector contributions."® Without a sub-
stantial increase in India’s overall investment in
science and technology—ideally raising GERD to
1.5-2 percent of GDP in the coming three years—
the national innovation system is likely to remain
subcritical, limiting its ability to respond to global
technological challenges and compete on the
international stage.

Indian universities have a long distance to travel
before they can accomplish the Humboldtian
ideal in at least 25 percent of the 1,113 universi-
ties. At the same time, this ideal stands for the
democratic values of free thought, research, and
teaching autonomy, with strong public support.
The marginalization of research funding and the
lack of intense research is not unrelated to the
low level of innovation and university-industry
relationships at universities. With the exception
of lITs, lISc, IIMs, and few central universities and
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institutions of national importance, there is a
dearth of innovation culture in the Indian univer-
sity system as a whole.

While the NEP 2020 generated optimism by pro-
posing structural reforms and invoking India’s
knowledge traditions, it fell short of laying down

an actionable strategy and road map for increas-
ing research intensity at universities and nurturing
world-class academic institutions. Feeling proud
of ancient Indian contributions in fields such as
mathematics, medicine, logic, and linguistics is
both natural and justified. However, the tendency in
knowledge traditions to conflate myths with scien-
tific knowledge and present them as historical fact
has emerged as a troubling stream within contem-
porary science discourse in the political domain.
Such narratives risk undermining genuine achieve-
ments by blurring the line between evidence-based
inquiry and cultural pride, thereby weakening the
credibility of India’s rich scientific tradition.

The micro, small, and medium enterprise sector
is vital to India’s economy, contributing 37 per-
cent of GDP, 30 percent of services, 40 percent
of exports, and 7 percent of manufacturing

while employing 60 percent of the workforce.4
Future comparative advantages will rely less on
cheap labor and natural resources and more on
value additions through innovation and technol-
ogy. Globalization now calls for a rural innovation
system that places educational and S&T institutions
at the center of district- and village-level industrial-
ization. Universities, colleges, and Indian Institutes
of Technology must play a key role in this new
paradigm of regional and rural innovation.

At seventy-seven, when a nation pauses to intro-
spect, meaningful benchmarks become neces-
sary. What better comparison than China—similar
in population size and also, like India, beginning
as a largely agrarian economy in the 1940s. As we
enter the third decade of the twenty-first century,
China’s global rise is best understood through
the perspective of a developmental state. In the

early 1980s, over 75 percent of the population

in both India and China relied on agriculture.
Through a systematic program of rural indus-
trialization, China managed to bring this figure
down to about 24 percent by 2025, while in India
nearly 55 percent of the population remains
dependent on agriculture. The essence of China’s
development miracle lies in the strength of its
innovation system, which played a pivotal role in
virtually eradicating poverty by 2025. Since the
economic reforms launched by Deng Xiaoping

in 1978, China’s GDP expanded at an average

rate of nearly 9 percent for three decades, more
than quadrupling within just fifteen years to reach
close to US$19 trillion—positioning it firmly as the
world’s second-largest economy after the United
States. What explains this remarkable transfor-
mation? STIPs played a pivotal role in building
China’s national innovation system and driving

its economic ascent. Today, China stands as the
world’s second-largest investor in R&D, after the
United States, and has established itself as a lead-
ing global producer of knowledge. It is here that
India can draw a lesson or two in the art of the
theory and practice of science policy.
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