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Abstract Emerging technologies like nanotechnologies
are governed in different ways around the world. This
article draws attention to an important element that can
help to explain the emergence of this diversity in gover-
nance practices: the role of nanotechnology in nation-
building. By investigating the relation between nanotech-
nology and the nation in India, the article demonstrates
that various particularities of the Indian governance of
nanotechnology can be explained by the relation between
science, technology, and nation-building. The article dis-
cusses four instances in which the governance of nano-
technology in India is informed by the role science and
technology has in nation-building: the historical image of
India as a country that can attain modernity and devel-
opment by engaging with modern science and technolo-
gy supported the government’s decision to free funds for
nanotechnology research; the view of India as a country
that cannot rely on foreign assistance to get access to the
latest technologies reinforced the strategy to pro-actively
pursue nanotechnology research and development itself;
the historical use of science and technology as crucial
elements in overcoming deeply rooted societal divisions
enabled the science-centered way in which nanotechnol-
ogy was governed; and the Indian ambition to become a
global superpower informed the governance of nanotech-
nology as an object of international competition. The

governance of nanotechnology in turn defines ‘Indian-
ness’ in a post-liberalization world.
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Introduction

Over the last twenty years, the term governance has
emerged as an overarching concept to capture the vari-
ous attempts to steer emerging sciences and technolo-
gies. Governance can be understood as the traditions
and institutions by which authority is exercised in order
to steer a phenomenon in a particular direction [1]. The
concept broadly refers to the insight that, first of all, the
state is not the only actor that exercises authority but that
other actors matter too, like industry, civil society orga-
nizations, and the public. And secondly, the term gov-
ernance captures the view that not only policies and
regulations matter but that also other mechanisms
should be taken into account when aiming to understand
the way emerging science and technology are steered
[2–4].

Scholars working on nanotechnology have exten-
sively studied various governance mechanisms, from
risk regulations drawn up by international organizations
[4] to informal governance arrangements between in-
dustry and civil society [5], and from public engagement
mechanisms [6] to the use of technology assessment to
enhance the reflexive nature of nanotechnology gover-
nance [7]. It has been estimated that governance issues
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comprise about 40% of all social science literature on
nanotechnology [8]. One sustained finding from both
nanotechnology (e.g. [9]) and other fields (e.g. [10–13])
is that emerging sciences and technologies are governed
in different ways around the world. Even when faced
with the same technological alternatives, so Jasanoff has
pointedly concluded, Bsocieties at similar levels of eco-
nomic and social development often choose to go in
different directions, based on divergent framings of
what is at stake, and correspondingly different assess-
ments of risks, costs, and benefits of various possible
trajectories^ ([10]:255).

These differences have been related to a plethora of
different factors, including regulatory styles [12], cul-
tural personality traits [13], issues of trust [14], and
diverging assessment over what constitutes valid knowl-
edge [10]. Nation-building – understood here as the
practices and meaning that serve to create a shared
cultural identity within the territory governed by a state
[15, 16] – has been a particularly powerful resource in
explaining the distinct characteristics of governance
practices in particular locales (e.g. [17–19]). The various
histories, traditions, and aspirations that bind the imag-
ined community of a nation together have been shown
to shape attempts to govern modern science and tech-
nology in various ways. In the case of nanotechnology,
however, this has thus far hardly been drawn upon to
understand the divergence of governance practices
around the world. This is the first contribution of this
article: by investigating the relation between nanotech-
nology and the nation in India, I will demonstrate that
various characteristic features of the Indian governance
of nanotechnology can be explained by the way science
and technology act as instruments in nation-building.

The governance of nanotechnology in India provides
a particularly interesting case to interrogate the relation
between nation-building and technology governance
because it is situated at the forefront of a profound shift
in the global distribution of technology development.
Classic models of geographical distribution of modern
science and technology assume that modern science and
technology flow in a single direction from the ‘ad-
vanced’ nations in the core to the ‘less-advanced’ coun-
tries in the periphery (e.g. [20]). In this reading, emerg-
ing technologies are located in the core while only older
technologies that have been proven successful in the
core may flow to the periphery. Postcolonial scholars
of science and technology have long challenged such
models by drawing attention to the value of indigenous

knowledge in the global South (e.g. [21]), by pointing
out the local nature of Western knowledge [22, 23], and
by showing the way knowledge from the global South
also flows towards the global North [21, 24]. The in-
creasing engagement of ‘less-advanced’ countries with
emerging technologies points to another move away
from classic diffusion models: countries in the global
South also develop those emerging sciences and tech-
nologies that are traditionally deemed characteristic of
the core [25]. This can be seen in emerging sciences and
technologies like ICT, biotechnology, neuroscience, as
well as in the convergence of these fields. But nanotech-
nology perhaps provides the most poignant illustration
of this: in terms of publications, countries like China and
India are even amongst the leaders in the world [26–28].

This first and foremost increases the importance to
understand the governance of emerging science and
technology in India: the way India governs emerging
sciences and technologies has an increasing impact on
the direction of scientific and technological develop-
ments worldwide. But it also raises new questions about
the role of technology in nation-building and the impact
thereof on the governance of technology. Research on
the entanglements between science, technology, and
nation-building in developing countries has largely tak-
en a postcolonial approach by focusing on how the
periphery embraces, rejects, or reworks science and
technology from the West into ways that provide them
with distinct national identities [29]. The dichotomies
between rich and poor, developed and developing, cen-
tre and periphery that these studies build upon, however,
are decreasingly tenable as countries like India increas-
ingly invest in emerging technologies, and their chang-
ing position in the world is thus bound to impact upon
nation-building. This is the second contribution of this
article: I investigate the role of nation-building in the
governance of emerging technologies in the context of a
country that is undergoing rapid changes that shift its
position in the global techno-scientific order. How does
the relation between nation-building and science and
technology in India impact the governance of nanotech-
nology in a context where the country slowly moves
from the periphery to the centre?

Nation-Building and Technology Governance

Nanotechnology is usually defined as the understanding
and control of matter at the nano-scale, with one
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nanometer equaling one billionth of a meter. At this
scale some material gain new properties and these prop-
erties can be used to develop novel products and pro-
cesses. Governments and industries worldwide have
subsequently invested billions of dollars in the develop-
ment of nanotechnologies [30]. As such, nanotechnolo-
gy is a perfect example of an emerging technology:
science-based technologies characterized by novelty,
recent high-growth, and potentially broad impacts [31].

The starting point for exploring the connection be-
tween nation-building and the governance of
nanotechnologies in an emerging economy is taken
from the literature on science, technology, and the
nation. This literature has revealed a wide spectrum of
ways in which science, technology, and nation-building
have been connected, from steel plants in Indonesia [18]
to electricity networks in Ivory Coast [32], and from
steam engines in Portugal [33] to nuclear technology
and computers in South Africa [19]. Both military tech-
nologies and large technological infrastructures dominate
in these accounts, which are largely set in Cold War and
postcolonial contexts. As Krige and Wang [29] wrote in
the introduction of a recent special issue on science,
technology and nation-building in post-colonial times,
Bexisting accounts have tended to concentrate on the
quests for advanced weaponry, high technology, and
large scientific establishments that came to define the
symbolic and literal meanings of power in the nuclear
age. Cold war competition has loomed large in these
histories, given the significance of atomic weapons, nu-
clear reactors, rockets, and satellites as quintessential
markers of security, modernity, and national prowess^
([29]: 171). And more recently scholars have also paid
attention to the various ways in which population genet-
ics and other life sciences and technologies have become
entangled with national identities (e.g. [34–37]).

This article shifts the focus from dual-use technolo-
gies, large technological infrastructures, and life sci-
ences to the emerging field of nanotechnology; from
postcolonialism and the Cold War to the context of an
emerging economy in a globalizing world; and from the
way science and technology are implicated in the for-
mation of nation-identities to the way nation-building
shapes the governance of science and technology. I will
therefore investigate how the relation between science,
technology and nation-building shaped the direction in
which nanotechnology was steered, as well as the tradi-
tions and institutions by which actors exercised author-
ity in order steer nanotechnology in that direction.

Methodology and Sources

In doing so, the article will adopt the insight from the
literature on science, technology and nation-building
that science, technology, and national identities are mu-
tually constructed. This perspective builds upon theo-
retical notions of both science, technology, and the
nation that debunk their supposedly essentialist nature
and instead highlight the way science, technology, and
the nation are established through practices (e.g. [15, 16,
38, 39]). What constitutes valid knowledge, successful
technologies, and the identity of a nation is considered
as the outcome of a process through which shared
meanings are created.

Gabrielle Hecht articulates this approach particularly
well in her The Radiance of France [17], in which she
demonstrates the close interconnectedness of nuclear
power and national identity in post-WorldWar II France.
Hecht for instance observes how nuclear reactors in
France were described as Bthe modern heirs of the Eiffel
Tower and the Arc de Triomphe^ ([17]:13). In doing so
nuclear energy was provided with cultural legitimacy
because it was placed in direct historical lineage with
past achievements that were considered quintessentially
French. At the same time the perspective employed by
Hecht – and in this article – brings into view that the
reference towards France as a nation of large technolog-
ical projects not only legitimizes and shapes nuclear
technology but that this reference also strengthens and
shapes the French national identity as resting upon its
success in large technological projects. As the French
went through pains to establish the ‘Frenchness’ of
nuclear technologies, parts of which inevitably were
developed elsewhere, in turn ‘Frenchness’ was
redefined in terms of technological advancement. The
entanglement between technology and national identity
thus mutually constructs both technology and national
identities, both of which are subject to change.

This has implications for testing the hypothesis that
the role of technology in nation-building impacts the
way technologies are governed. The relation between
nation-building and governance should similarly not be
approached as a one-way street in which unchanging
ideas about the nation influence actors to choose one out
of many possible ways to govern nanotechnology. There
is no stable practice of nation-building that exerts influ-
ence on malleable practices of technology governance.
Instead the influence of nation-building on governance
should be approached as a two-way street where
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particular and changing notions of the nation shape
governance choices as much as those particular and
changing forms of governance shape notions of the
nation. When aiming to demonstrate that nation-
building influences technology governance, I will hence
describe entanglements of technological nation-building
and technology governance – instances where nation-
building and governance are mutually constructed.

This article highlights four different instances when
technology governance and nation-building in India
mutually construct each other. In each of these four
instances, so this article demonstrates, characteristic
features of Indian nanotechnology governance cannot
be understood without paying attention to the specific
role science and technology play in nation-building.
And reversely, following Hecht’s investigation of the
radiance of France, the governance of nanotechnology is
here understood as part of a struggle to define ‘Indian-
ness’ in the post-liberalization world. How and why did
the people involved in the governance of nanotechnol-
ogy forge the relationship between nanotechnology and
the Indian nation? What role did invoking Indianness
play in the governance of nanotechnology? How did
nanotechnology figure in changing notions of
Indianness?

In answering these questions, I draw upon empirical
research conducted as part of a project on the gover-
nance of nanotechnology for development that took
place from 2010 to 2015. As part of this project I
conducted 29 semi-structured qualitative interviews
with 35 key stakeholder involved in nanotechnology
governance in India. These interviews were conducted
in two periods, first between November 2010 and Jan-
uary 2011 in New Delhi, Hyderabad and Chandigarh
and second in October and November 2012 in New
Delhi, Hyderabad and Pune. Since both governance
choices and national identities are potentially in flux
and open to contestation, it was important to take into
account the views of a variety of different stakeholders.
Interviews were taken with individuals involved in In-
dian nanotechnology governance at a variety of different
institutes, including government departments, adminis-
trative bodies, the Indian bureau of standards, civil
society organizations, and industry (see Table 1). As a
rule the interviews were conducted in the working en-
vironments of the interviewees.

These interviews were complemented by an exten-
sive document analysis. Between 2010 and 2015, I
conducted systematic searches for documents about

nanotechnology governance in India. In addition to
gathering documents while doing fieldwork in India, I
used both academic and non-academic search engines
and used a wide variety of search terms for both nano-
technology (e.g. nanotechnology, nanotech, nano-scale
research, etc.) and India (e.g. India, Indian, Bhārata,
etc.). Both documents gathered through interviews and
search engines were then scanned for further references.
Because there is no predefined arena where the connec-
tion between nanotechnology and the Indian nation is
made, a wide variety of different document types were
included, ranging from government policies to scientific
articles, and from newspaper columns to political
speeches. The interviews and documents were then
systematically analyzed for the ‘bridges’ that were
forged between nanotechnology and the nation and for
their role in forming or maintaining characteristic fea-
tures of Indian nanotechnology governance. Together
the interviews and the documents provide a good basis
for interrogating the relation between Indian nation-
building and nanotechnology governance.

Although material aspects of science and technology
sometimes play an important role in accounts of nation-

Table 1 Institutional affiliations of interviewees

Institute

Bureau of Indian Standards

Central Drug Research Institute

Department of Information Technology

Department of Science and Technology

Development Alternatives

DSM India Innovation Centre

Indian Institute of Chemical Technology

Indian Institute of Technology Delhi

Indian Institute of Toxicological Research

Jawaharlal Nehru University

National Council for Science and Technology Communication

National Institute for Science, Technology And Development
Studies

National Institute of Pharmaceutical Education and Research

National Physics Laboratory

Public Health Foundation of India

Research and Information System for Developing Countries

South Asian University

Technology Information, Forecasting and Assessment Council

The Energy and Resource Institute

University of Hyderabad

Vigyan Prasar
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building (like the nuclear reactors and the bodies of
people in their vicinity in Gabrielle Hecht’s analysis of
the radiance of France), this was much less prominent in
the case of Indian nanotechnology. The most important
reason for this is that nanotechnology is still at the early
stages of its development: very few applications are on
the market and the ones that are available have a limited
impact as of yet. Although nanotechnologies are cer-
tainly likely to have real material effects, it was gener-
ally too early for such material impacts to manifest.

Finally, the relation between nation-building and
technology governance will further be interrogated by
occasionally contrasting the empirical findings for Indi-
an nanotechnology governance to alternative gover-
nance practices that have been pursued either for nano-
technology in other countries or within India for other
technologies. By comparing the empirical findings for
Indian nanotechnology governance to these alternative
ways in which technology governance and nation-
building are mutually constructed, these examples can
further inform our understanding of the particular ways
in which technology-nation entanglements influence the
governance of nanotechnology in India.

Nanotechnology and the Nation in India

Technology for a Modern India

The governance of nanotechnology is marked by a
strong role for the national government, and in particular
for several influential individuals with prominent posi-
tions in both science and the government. The govern-
ment first set up a funding scheme in 2001 and since
2007 a much larger amount of funding has been freed by
the Planning Commission. In the same year, a new
organization called the Nano Mission was established
that was given the responsibility to govern nanotechnol-
ogy. The Mission functioned under the Department of
Science and Technology and distributed funding
through two committees – a scientific and a technolog-
ical advisory committee – that both were predominantly
staffed by scientists and funded projects based on the
academic merit of the proposals received.

How was nanotechnology governance mutually con-
structed with nation-building in this context? In the most
basic sense the role of nanotechnology in nation-
building helps to explain why India invests in nanotech-
nology: the role of nanotechnology in nation-building

informed the objectives for nanotechnology gover-
nance. As mentioned, the first Indian investments in
nanotechnology started in 2001, only a year after the
announcement of the American National Nanotechnol-
ogy initiative, when the Science and Engineering Re-
search Council initiated a small funding programme (the
Nano Science and Technology Initiative) in order to
‘feel the pulse’ and explore the possibilities for India
to engage in this new field of research and development.
At the time, however, larger funds could only be freed in
India when they were included in Five Year Plans by the
Planning Commission (a structure that has recently been
replaced by the newly created Niti Ayog that created
three-year action plans, seven year strategies, and 15-
year vision documents). These Five Year Plans were the
main vehicle for economic policy-making in India, a
structure that builds upon post-independence ideas of
economic planning. The Five Year Plans were drafted in
a centralized and largely technocratic manner by the
Planning Commission, chaired by the Prime Minister.
As the process of drafting the Eleventh Five Year Plan
(2007–2012) was underway, so one leading civil servant
recalled, Bit was (…) increasingly felt during this period
that the national efforts were subcritical compared to the
scale of nanotech R&D enterprise in most developed
nations and even some developing nations^ ([40]:14–
15). The Eleventh Five Year Plan subsequently included
an expanded funding programme for nanotechnology
with an outlay of 10 billion rupees, to be administered
by the Department of Science and Technology. In the
years that followed various other government depart-
ments followed suit with similar funding programmes.

The arguments supporting India’s investments in
nanotechnology all point to the contribution nanotech-
nology can make to transforming India into a modern
and developed nation. Nanotechnology, so the FiveYear
Plan notes, Brepresents a ‘make or break’ opportunity,
capable of catapulting India into a high growth orbit and
on a fast track to becoming a developed nation^
([41]:252). These arguments draw upon a long-
standing relation between science, technology and the
nation in India that is commonly associated with
Jawaharlal Nehru, India’s first Prime Minister. Hailing
large dams as the ‘temples of modern India’, Nehru
perceived of science and technology as essential tools
for the newly independent nation to attain development
and modernization [42]. As Gyan Prakash notes in his
wonderful book Another Reason [43], Bemergence and
existence of India is inseparable from the authority of
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science and its functioning as the name for freedom and
enlightenment, power and progress^ ([43]:3). This nar-
rative can perhaps be best captured by the oft-cited
statement by Nehru that Bit is science alone that can
solve the problems of hunger and poverty, insanitation
and illiteracy, of superstition and deadening custom and
tradition, of vast resources running to waste, of a rich
country inhabited by starving people^ (quoted
[44]:564–565).

The unambiguously positive assessment of
nanotechnology’s role for the Indian nation should not
be taken for granted, however. As the historian of Indian
science David Arnold has observed, Bit would be erro-
neous to think of India as having a single scientific
tradition^ ([45]:2). The relation between science, tech-
nology and the Indian nation is for instance marked by
the postcolonial pendulum where modern science and
technology were at times embraced as forces that could
liberate India from the British Raj while at other mo-
ments are rejected as tools for colonial domination. In
these latter cases, science and technology have been
perceived as instruments of colonial oppression that
may bring into being new dependencies towards their
former colonizers. BModern technology ,̂ as another
historian of science in India notes, Bwas always marked
with the trace of the foreign. Yet true independence
required self-reliance and indigeneity, especially in re-
lation to technology^ [46]. The very same dams that
Nehru considered as the modern temples of India are
dismissed by these critics as incarnations of Western
ideals that are ill-suited to the Indian context, wreaking
havoc to local communities whose villages were
displaced and whose own technologies for the provision
and distribution of water and electricity were relegated
to the museum [47].

In the case of nanotechnology, however, the pendu-
lum swings entirely the other way. On this side of the
spectrum, modern science and technology are regarded
as Bthe jewels in the crown of modernity^ (Harding in
[48]:2). Nanotechnology was squarely put in this tradi-
tion and actors across the board put forward nanotech-
nology as a powerful technology that can contribute to
turning India into a developed nation [49]. Scientists
from Indian research institutes were found claiming that
Bthe possible impacts of nanotechnology will even go
beyond those of the first Industrial Revolution^
([50]:648), and former President Abdul Kalam (1931–
2015) claimed in his biography that a conference he
organized to bring together various nano-scientists was

one of the most significant events in his presidency [51],
civil society organizations like The Energy and Re-
source Institute thought along these lines when
highlighting the key challenges for India to be able to
use nanotechnology to address key development-related
challenges [52], and industry actors – though not often
speaking out on nanotechnology – talked about the
technology’s contribution to India’s development when-
ever they did. Actors across the board embraced nano-
technology as an essential tool for India to become a
developed nation. The reverse criticism that charts mod-
ern technology as a tool of Western oppression was
almost entirely absent.

The way this idea of the Indian nation informed the
objectives for nanotechnology governance can be better
understood by having a closer look at the two most
powerful actors in shaping the governance of Indian
nanotechnology, C.N.R. Rao and Abdul Kalam. Both
Rao and Kalam held key positions in both the scientific
establishment and the government and exerted substan-
tial influence on Indian nanotechnology. C.N.R. Rao,
who is often referred to as the ‘nano-godfather’ of India,
is a solid state chemist who had been working on nano-
technology since the early 1990s. Rao held various
leading positions at Indian scientific institutes and he
is widely accredited to be one of the most successful
Indian scientists alive. His claims carried further author-
ity in his function as chair of the scientific advisory
council to the Prime Minister, a position he held from
1985 to 1989 under Rajiv Gandhi and later since 2005
under Manmohan Singh. Abdul Kalam, previously sci-
entific advisor to the Prime Minister himself, was a
physicist and aerospace engineer whose claims about
the relation between India and nanotechnology carried
similar authority, especially after being elected in the
office of president of India in 2002, a post to which he
served until 2007. Two authors from industry wrote in
2005 that Bsince his appointment as the President of the
country, Dr. Kalam has been campaigning for programs
to expedite the development and commercialization of
nanotechnology in India^ ([53]289).

Both C.N.R. Rao and Abdul Kalam were influential
in formulating the Five Year Plans and both repeatedly
put nanotechnology forward as an essential field for
India to engage in so as to become a modern and
developed nation. In doing so, they strongly drew upon
the Nehruvian view of India as a country for which
modern science and technology are crucial to attain
development. Kalam articulated this view most
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explicitly in the Technology Vision 2020, a large scale
forecasting exercise led by Kalam that aimed at articu-
lating what was required for India to ‘transform’ into a
developed nation by 2020. Resonating with Nehru’s
famous quote, the final roadmap document reads that
‘technology is the only vital input’ ([54]:6). BMastering
of technologies,^ so he wrote, Bis the task to which the
country and its people have to give importance. This can
be considered to be the very essence of development^
([54]:9). Nanotechnologywas readily understoodwithin
this framework by Abdul Kalam.Whereas nanotechnol-
ogy had not yet risen to prominence by the time the
Vision 2020 was first published and hence is not men-
tioned in the document itself, Kalam explicitly referred to
the vision when promoting nanotechnology, for instance
noting that Bnanotechnology research, development and
commercialization will be important to transform India
into a developed nation by 2020^ (cited in [55]).

Technology Development for Independence

The objectives for funding nanotechnology were thus
partly pivoted upon a Nehruvian view of the nation as a
developing nation that needs to engage with emerging
technologies in order to attain development. The pro-
active manner in which this occurred was further in-
formed by notions of India as a nation that can only reap
the benefits of technologies and attain development
when developing those technologies themselves.

Although the idea that developing countries should
develop emerging technologies increasingly finds sup-
port (e.g. [56–58]), this also directly contrasts several
well-established economic theories that outline the ben-
efits for developing countries to wait until developed
countries have conducted most high-risk fundamental
research and subsequently adopt those technologies that
may be of use locally (e.g. [59]). Yet in the case of Indian
nanotechnology, this pathway was not conceived to be
open because not developing the technology itself was
perceived to jeopardize their chances to reap the benefits
of the technology. This anxiety was time and time again
captured by describing nanotechnology with the meta-
phor of a train or a bus. Nanotechnology emerges as an
unstoppable and fast moving train that is passing now
and Bif we miss it in the coming years, we will definitely
lag behind^ ([60]:16–18). Whereas nanotechnology was
almost unanimously embraced as a technology that could
bring development to India, the possibility that India
would indeed benefit from nanotechnology was

premised on the condition that India makes an effort to
board the train that will not pass again.

This uncertainty about the possibility to benefit from
emerging technologies can be seen in other countries in
different forms. In a very basic sense, the benefits pro-
vide the carrot while the uncertainty concerning the
ability to reap those benefits provides the stick, both
urging governments and industries to start investing in
the promising technology. In Europe for instance nano-
technology benefits were considered attractive in a con-
text where large parts of its industrial production have
been outsourced to low-wage countries and innovative-
ness is considered its main source of competitiveness.
The Lisbon Strategy most explicitly articulated this in
the objective to become the most innovative economy in
the world. Whereas the technology hence offers clear
benefits, these are presented as conditional upon
Europe’s ability to be more innovative than others. This
implied that its investments in nanotechnology have to
be considered in relation to efforts by other countries;
Europe has to ‘stay ahead in the nano-race’ [61], as the
programme officer for nanosciences and technologies at
the European Commission wrote.

The metaphor of a passing bus or train, however, also
expresses the concern that India may fully miss out on
the benefits. Contrary to a race, that Europe can merely
fail to win, the Indian train can be missed in its entirety.
This concern should be understood against the back-
ground of more recent entanglements of technology and
the Indian nation. For instance take the technological
projects that Abdul Kalam was involved in throughout
his career, most notably the development of ballistic
missiles, India’s first indigenously developed satellite,
and the nuclear technology that eventually led to the
series of controversial underground tests in May 1998.
India was prompted into developing these technologies
as it was caught in the Cold War logic that excluded
India from the international exchange of dual use tech-
nologies. These achievements were widely celebrated in
India, serving as public demonstrations of the ability of
the Indian nation to overcome such foreign opposition
to their use of the latest technologies. The day India
performed its first nuclear tests, May 11, has since
become the official National Technology Day and
Kalam’s leadership in these projects were central in his
election as President of India. As a flag-bearer in these
projects, Abdul Kalam had first-hand experience in
witnessing the unavailability of scientific and techno-
logical developments to India.
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In the case of nanotechnology this relation between
unavailable technology and the self-sufficient nation was
repeatedly drawn upon. Also nowadays, so Kalam
warned in 2012, the latest technologies Bare not available
from developed countries to India at least for a decade.
Hence, research is vital, particularly in basic sciences, to
take up India’s global competitiveness to the desired
level^ ([51]:78). C.N.R. Rao similarly warned that India
“should not be at the receiving end when the world is
driven by nanotechnology. (…) The country must play a
leading role in science^ [62]. India, in the context of
nanotechnology, is thus constituted as a country that
has to take care of itself in the face of foreign opposition,
that needs to engage in the development of modern
science and technology itself in order to have access to
it. That nanotechnology was also interpreted in this light
strengthened the urgency with which Indian actors set up
funding schemes for the technology.

Science-Centered Governance

It was mentioned in section 3.1 that the Five Year Plans
were the main mechanism for allocating government
resources (before being replaced by the new structure).
The Five Year Plans were drafted in a centralized and
technocratic process and the main input for the alloca-
tion of funds for science and technology consisted of a
report of a special steering committee on science and
technology for the Eleventh Five Year plan. This report
was prepared by the Office of the Principal Scientific
Advisor to the Government of India, which was at the
time headed by C.N.R. Rao. The Eleventh Five Year
Plan stipulated the creation of an institute that would
take charge of the governance of nanotechnology and
distributed the funds that the Plan freed. The institute
was called theMission of Nano Science and Technology
and is better known as the Nano Mission. The institute
was launched on 3 May 2007 and was administered by
the Department of Science and Technology. The Nano
Mission was Ban umbrella programme for capacity
building^ [63] and had five formal objectives: basic
research promotion, infrastructure development, human
resources development, international collaboration, and
applications and technology development. The respon-
sibility for executing this funding programme was put in
the hand of the Nano Mission Council, which was in
turn supported by two subsidiary advisory groups: one
focused on science and one on applications and tech-
nology. These two advisory groups were responsible for

distributing the funds that were allocated to nanotech-
nology in the Five Year Plan.

A characteristic feature of the way the Nano Mission
governed nanotechnology was its science-centered na-
ture [9]. First of all, with the exception of technology
development, all objectives of the Nano Mission aimed
first and foremost to build the capacity of Indian scien-
tists to do fundamental research in the field of nanotech-
nology [52, 62]. The great majority of funds were hence
provided for fundamental research at universities and
public research institutes. Secondly, in distributing the
funding through a tendered system where actors could
submit proposals in an open competition, the scientific
quality of the proposals was the main criterion. Other
possibly relevant factors, such as the relation between
the area of studies (like water, energy, or health) and
national priorities (like food security, clean water, or
employment) were not taken into consideration. And
thirdly, it were predominantly scientists that were en-
abled to steer nanotechnology so that the technology
could help turn India into a modern and developed
nation. The Nano Mission Council was headed by
C.N.R. Rao himself and consisted almost entirely of
scientists and so did the scientific and technology advi-
sory groups that eventually decided which projects did
and did not receive funding.

It hardly requires elaboration that this is not the only
way to govern emerging technologies. A great deal of
theoretical work has been put into capturing the various
ways in which the governance of science and technology
has moved away from a science-centered basis and has
become ever more intertwined with societal and industrial
actors and objectives (e.g. [64, 65]). This can also be seen
in the case of nanotechnology, where governments around
the world are involving industries, civil society organiza-
tions, and publics in the governance of nanotechnology.
The Indian governance of science and technology is itself
to some extent marked by a shift towards less science-
centric forms of governance, as if for instance exemplified
by the work of R.A. Mashelkar [66, 67].

Efforts to move beyond science-centered governance
of nanotechnology were not entirely absent in India. For
instance the Department of Science and Technology
took several steps to promote science-industry linkages:
they organized conferences together with the Confeder-
ation of Indian Industry [68] where scientists and indus-
try could meet and they established a centre especially
aimed at providing information services that supported
industry and science collaborations. But at the end of the
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day, these efforts do not disguise the fact that the gov-
ernance of nanotechnology is overwhelmingly science-
centered.

Shortly after the launch of the Nano Mission their
website already noted that Bresearch on fundamental
aspects of Nano Science and training of large number
of manpower will receive prime attention^ [63] and this
was reflected in the funding pattern. Whereas between
2001 and 2012 the scientific advisory groups of the Nano
Science and Technology Initiative and later the Nano
Mission funded 240 so-called ‘scientist-centric projects’
focused on fundamental research, in the same period the
technology advisory group funded only seven projects
focused on technology applications [40]. Even if the
scientific advisory group also funded a number of
application-oriented projects, the share of these projects
did not increase over time [69], and the emphasis square-
ly remained on fundamental research. Many actors in
India disagreed that this science-centric form of gover-
nance was the best way to go forward: the limited efforts
to turn fundamental science into applications and to
connect science to industry was the most hotly debated
issue in Indian discussions about nanotechnology gover-
nance [27].

This science-centered governance of nanotechnol-
ogy is a tributary to linear notions of innovation but it
also draws upon long-standing ideas of how science
could best contribute to turning India into a devel-
oped nation. We have already seen that in the
Nehruvian tradition, it is ‘science alone’ that can
contribute to development and in governing science
and technology this has been interpreted in the most
literal sense. In the first two decades following Indian
independence, scientists sought to implement the
Nehruvian project by carving out an autonomous
space for science [70]. The argument was that the
scientific progress required for India to turn into a
developed country, was best achieved by leaving
science alone. As historian of science Dhruv Raina
described: Bstrategic areas of scientific research were
protected from bureaucratic and political interven-
tion; this created the illusion of the autonomy of
science from the social institutions that legitimated
it^ ([71]:360).

This was further perpetuated by notions of ratio-
nality and truth that were foundational for the Indian
nation-state, as is perhaps best captured by the notion
of ‘scientific temper’. This notion was introduced by
Jawaharlal Nehru in 1946 and the aim to develop

‘scientific temper’ was even included in the Consti-
tution of India as one of the fundamental duties of
Indian citizens. The term referred to the ideal that
citizens should adopt a scientific attitude to everyday
life, which could help to overcome superstitions and
religious beliefs that were perceived to hold back
India’s development. While it has been pointed out
that this denigrates Indian citizens by suggesting they
themselves are responsible for their suffering because
of their supposed lack of scientific temper (e.g. [72]),
the term simultaneously aimed to promote equality in
a society that was marked by rigid inequalities and
divisions along the lines of caste, religion, gender,
and class. As several interviewees told me: one and
one is two, regardless of whether one is a Hindu or
Muslim. The notion of scientific temper thus puts
forward India as a nation whose divisions could be
bridged and whose backwardness could be overcome
by science, on the premise that facts and values,
science and politics could be strictly separated. The
move to distinguish science from politics in the gov-
ernance of nanotechnology thus emerged in the con-
text of an Indian nation with potentially deep-rooted
divisions that could be bridged by science.

In the case of nanotechnology governance the strict
separation of science from politics was also visible in
attempts to actively shape the Nano Mission as an
expert body. While both the Nano Mission council
and the two advisory groups consisted of both scientists
from public research institutes and civil servants from
the Department of Science and Technology, both the
scientists and civil servants were explicitly referred to
as scientists. This followed the practice of the Depart-
ment of Science and Technology to exclusively staff
this government department with scientists, not only by
exclusively hiring people with a background in science,
but also by referring to employees as scientists. For
instance the rank of a civil servant is denoted with
‘scientist A’ (the starting level) up to ‘scientist H’ (a
very high level civil servant). In their daily work these
government employees functioned as civil servants but
by continuously identifying them as scientists, a clear
boundary was suggested between science and politics,
thereby reaffirming that in India science is the exclusive
domain of experts. As one civil servant explained to
me: BAll people in the Department of Science and
Technology (…) are scientists. This ministry is not
run by bureaucrats. This ministry is run by technocrats^
(Interview, New Delhi, 7 November 2012).
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The exclusive reliance on scientific criteria to judge
the quality of proposals further built upon these ideas of
the Indian nation whose unity and ability to attain de-
velopment was premised on the autonomy of science.
The nanotechnology funds were distributed on a com-
petitive basis where scientists had to submit a proposal
and orally defend this in front of the Nano Mission
advisory groups. Both the scientific and technology
advisory groups based their decision on the scientific
quality of the proposal and the scientific track record of
the researchers, without taking into account problems of
national importance. While it may be suggested that the
early stage of development of the field of nanotechnol-
ogy may play a role here, this did not prevent other
countries from governing nanotechnology in ways that
tried to steer technology developments towards specific
problems of national importance right from the start, as
was for instance the case in countries like South Africa
and the Netherlands [49, 73]. Whereas in India the
application-oriented projects that were funded increas-
ingly revolved around applications in the domains of
energy and health, there are no indications that this was
a feature of governance itself. In contrast, as one senior
scientist who was a member of both advisory groups
mentioned in an interview: Bin a group which is evalu-
ating a research project, political considerations are
never there. They are essentially driven by the academic
merit of a project^ (Interview, New Delhi, 10 December
2010). The science-centered way of governing nano-
technology hence cannot be understood without attend-
ing to the role of science (‘science alone’) and technol-
ogy in Indian nation-building. Only by attempting to
strictly exclude political considerations from decision-
making could entrenched divisions be bridged and
could science contribute to turning India into a devel-
oped nation.

Global Leadership

A final feature that characterizes the Indian governance
of nanotechnology is that it is aimed at global leader-
ship. This was first of all visible in that the success of
Indian governance efforts were measured by comparing
Indian achievements to those of other countries. C.N.R.
Rao for instance repeatedly compared India to Europe,
the United States, and China, noting that: BIndia is
lagging behind the U.S. and Japan, where annually a
couple of billion dollars are invested in nanotechnology
research and development. Even China has a head start

and is putting in a few hundreds of millions of dollars
into its nanotechnology efforts^ (cited in [74]). And
when evaluating the effects of governance measures,
government officials and academics routinely referred
to statistics that explicitly set off Indian achievements
against those of other countries, at times in terms of
funding, but predominantly in terms of scientific publi-
cations and patents (e.g. [40, 75]). Such figures and
comparisons construct nanotechnology as the subject
of international competition, spurring India to invest in
order to get a ‘piece of the pie’.

The production and use of internationally compara-
tive numbers of nanotechnology output is itself part of
technology governance as it enables decision-makers to
adjust the way they steer the technology. This is certain-
ly not an uncommon part of nanotechnology gover-
nance. In various European and North American coun-
tries this is for instance standard practice in the ‘nano-
race’ [76, 77]. And yet, in the Indian context, it should
not be taken for granted. In the Indian context, where
nanotechnology was pursued in order to transform from
a developing into a developed country, one could easily
imagine other ways to measure the extent to which
nanotechnology contributed to this objective. For in-
stance they could measure the effects of nanotechnol-
ogies on poverty reduction, on the provision of clean
water and electricity, the expansion of capabilities of the
poor, or other common development indicators. Instead,
by putting the relative performance of India in terms of
scientific publications and patents central, these statis-
tics not only reiterate the science-centric nature of Indian
nanotechnology governance, it also makes India’s
achievements in the field of nanotechnology relative to
the achievements of other countries, which subsequent-
ly serve as a yardstick to measure Indian success in
nanotechnology.

What is more, despite explicitly describing India as a
developing country, several scientists, commentators,
and politicians, including C.N.R. Rao and Abdul
Kalam, repeatedly cited the opportunity for India to be
a leader in the field. On the one hand this was partly due
to the novelty of the technology. In contrast to well-
established technologies like semiconductors that would
require substantial investments for India to even match
other countries’ past achievements, nanotechnologywas
perceived to provide a more level playing field because
also other countries were only beginning to discover
technologies at the nano-scale. C.N.R. Rao argued that:
BIndia has become one of the leaders in nanoscience and
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technology because this is an upcoming area where we
are more or less on an equal footing with the rest of the
world. (…) In nanoscience, we can become one of the
leaders, if we try hard^ ([60]:16).

On the other hand the objective to be a leader in the
field was also partly informed by the recently thriving
ideas of India as a world leader. This feature of Indian
nanotechnology governance is hence entangled with
ideas of nation-building that strongly depart from
Nehruvian views of the Indian nation. Since the 1991
economic reforms India has witnessed high rates of
economic growth that have fed wide speculations of
India becoming a global power (e.g. see [78–80]). This
has also spilled over to the domain of science and
technology, with commentators characterizing India’s
rise as the emergence of a ‘knowledge superpower’
(see [81–86]). Even though India does not come close
to match the United States, Europe and Japan on rank-
ings of virtually all science and technology indicators,
India did witness high growth rates in both research
spending and scientific output. In 2002 researchers af-
filiated to Indian institutions published a total of nearly
19,000 publications whereas already in 2008 this had
increased to over 36,000 [87], and in 2014 this increased
to over 53,000 [88].

The ambition to become a world leader in nanotech-
nology emerged in the midst of this newly found opti-
mism about India’s position in the world. Abdul Kalam
for instances noted that Btoday we have an opportunity
to take the leadership in the knowledge revolution^
(cited in [89]). And the steering committee on science
and technology for the Eleventh Five Year Plan posited
that BIndia must try to become a global innovation
leader^ ([90]:7), citing nanotechnology as a prime ex-
ample. Whereas the notion, outlined above, that nano-
technology can help to turn India into a developed
nation is mainly concerned with the impacts or conse-
quences of nanotechnologywithin India, the ambition to
become a world leader through nanotechnology situates
the Indian nation in a global arena where development is
measured in relation to the technological advances of
other nations. If India wanted to be a united country that
could overcome superstition and religion and turn into a
developed nation, a world leader even, then nanotech-
nology had to be pro-actively pursued to ensure access
to the technology, its governance had to be left to
scientific experts alone, and their success should be
measured by comparing Indian achievements to those
of other countries.

Conclusion

This article has demonstrated that the governance of
nanotechnology in India is informed by the role science
and technology have in nation-building in a context
where India is undergoing rapid changes that shift its
position in the global techno-scientific order. I have
highlighted four instances in which the role of science
and technology in nation-building informed the gover-
nance of nanotechnology in contemporary India. The
historical image of India as a country that can attain
modernity and development by engaging with modern
science and technology supported the government’s de-
cision to free funds for nanotechnology research; the
view of India as a country that cannot rely on foreign
assistance to get access to the latest technologies rein-
forced the strategy to pro-actively pursue nanotechnol-
ogy research and development itself; the historical use
of science and technology as crucial elements in over-
coming deeply rooted societal divisions enabled the
science-centered way in which nanotechnology was
governed; and the Indian ambition to become a global
superpower informed the governance of nanotechnolo-
gy as an object of international competition. In short, if
wewant to understand the diverse ways nanotechnology
is governed around the world, then it is worthwhile to
take into account the role that nanotechnology plays for
in the process of nation-building.

Secondly, this article explored the relation between
nation-building and technology governance in the con-
text of a country whose position in the global techno-
scientific order is rapidly changing. This article investi-
gated this by departing from the view that the role of
technology in nation-building does not one-sidedly in-
form governance practices but that nation-building and
technology governance are mutually constructed. The
governance of nanotechnology thereby is part of at-
tempts to define ‘Indianness’ in a post-liberalization
world. What we have seen is that the governance of
nanotechnology on the one hand reiterates and rein-
forces ideas about the Indian nation that can be traced
back to both postcolonial ideas about the way science
and technology can stimulate development and bridge
societal divides, as well as Cold War tensions about the
limited access to new technologies. These older ideas
about the Indian nation hence by no means disappeared
now that India’s position in the world has changed.
Although India now cannot be readily fit into the di-
chotomies of rich and poor, developed and developing,

15Nanoethics (2019) 13:5–19



centre and periphery, the ideas of the Indian nation that
were informed by these dichotomies persist. On the
other hand nanotechnology governance also did come
with different ideas about the Indian nation that can only
be understood in the light of more recent developments.
The fear of having limited access to the latest technolo-
gies was reworked from the context of security in the
Cold War into the context of competitiveness in the
global market and the ambition to become a world
leader in the field of nanotechnology strengthened the
view of India as a potential global superpower. The
changing position of India thus brought along different
ideas of the Indian nation and older notions of technol-
ogy in India were reinterpreted in the light of these
changes.

It is important to emphasize that the governance of
nanotechnology strengthens these views of the nation at
the cost of others. India for instance also has tradition of
technological nation-building in which simple technol-
ogies used by people in the villages convey the image of
a nation that finds its own path of modernity. This
tradition is commonly associated with Mahatma Gandhi
and is most prominently expressed in the depiction of
the spinning wheel on the pre-independence version of
the flag of India. However, this is nowhere to be found
in Indian nanotechnology governance, despite high ex-
pectations in academic literature about the use of nano-
technology to directly address the needs of the poor
living in remote areas [9, 91]. The mutual construction
of nation-building and technology governance hence
strengthens particular views of the nation at the cost of
others. Whether this pattern of change and continuity in
the role of science and technology in nation-building
finds similar expression in other developing countries
and emerging economies remains to be seen.

It should speak for itself that nation-building is not the
only determinant of these governance practices and that
not all characteristics of nanotechnology governance can
be explained by the role the technology has in nation-
building, as is highlighted in the various other relevant
elements giving rise to national differences that have been
previously identified (e.g. [11, 13]). The characteristic
features of the various traditions and institutions that
attempt to steer nanotechnology cannot a priori be re-
duced to a single driver and they can only be fully
understood by an approach that is sufficiently open to
incorporate a diverse set of factors [9], of which nation-
building is only one. For analytical purposes, however,
this article has focused the attention on one such element

– the role of technology in nation-building – in order to
demonstrate that nation-building is an important element
when aiming to understand different forms of nanotech-
nology governance in a changing world.

Understanding the divergence in governance practices
is set to become more important as emerging economies
increasingly engage with emerging science and technol-
ogy. In 1997, not long before countries started investing
in nanotechnology, Asia (excluding Japan) only
accounted for 15,1% of world gross expenditure on re-
search and development whereas North America and
Europe accounted for 67,0% [92]. By 2013, only sixteen
years later, North America and Europe’s share had
dropped to 51,6% and Asia (excluding Japan) is now
responsible for 32,6% of the world’s gross expenditure on
research and development [88]. This makes it increasing-
ly important to understand diverging governance prac-
tices because the way developing countries govern
emerging science and technology increasingly impacts
both the direction of technological change worldwide as
well as the global governance of transnational move-
ments and impacts of these sciences and technologies.
Using the example of nanotechnology in India, this article
has highlighted that the role science and technology have
in nation-building is an important factor informing the
governance of emerging science and technology.
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