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Abstract 

Over the last two decades ‘nanotechnology’, a term applied to both scientific research and 

disparate new and emerging technologies, has become an important focus of science policy and 

controversy. Its emergence has been marked by hyperbolic expectations of breakthroughs and 

general prominence of representations of the future (e.g. speculative visions). The purpose of this 

study was to assess the evolving trajectory and dynamics of nanotechnology in Australia, with a 

focus on these future-oriented aspects and the promising of new technological options. Additional 

aims were to investigate the associated social shaping, i.e. taking place ‘upstream’, and disputes 

about nanotechnology development. An interdisciplinary approach was used drawing primarily on 

literature from science and technology studies (STS) on relevant socio-technical dynamics (such as 

the role of expectations in and about science and technology) and ‘science and society’, as well as 

environmental politics and innovation studies. Relevant data was primarily gained through 

anonymous interviews with 30 ‘opinion leaders’ from relevant sectors (i.e. research community, 

industry and research commercialisation, public sector, and civil society). This data was combined 

with publicly-available information on nanotechnology activities and investment. 

 

This research shows – in contrast to most reports and analysis – that a significant weakening of 

nanotechnology expectations and decline in commercialisation activity has emerged. Expectations 

and assessments of nanotechnology by proponents and opponents also sharply diverge in relation 

to its potential roles in addressing environmental problems, such as climate change, and other 

sustainability issues. In this way, responses to nanotechnology have in-part been shaped by 

environmental discourses, which influence the framing of these problems and associated desired 

solutions by engaged actors and consideration of technological risks. Also identified are pressures 

that led to overpromising which contributed to problematic socio-political dynamics hindering 

efforts to realise these promises. The identified trajectory and dynamics: support STS research 

theorising the governance of technology by expectations (a ‘de facto’ form, i.e. extending beyond 

formal policy/regulatory interventions); is consistent with recent STS research that has identified 

the increasing importance of broader ‘innovation governance’ aimed at more purposeful, socially-

agreed technological choices and innovation trajectories; and, indicates how, and in part why, the 

Federal Government’s ‘responsible development’ of nanotechnology objectives have not been 

achieved to-date. The identified drivers of controversy are also likely to lead to future disputes in 

additional emerging areas of science and technology (e.g. synthetic biology). 
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1. Introduction to this thesis and nanotechnology 

1.1 Introduction 

 

“Technologies like nanotechnology and biotechnology have enormous potential… these 

technologies promise to give us breakthrough medicines, faster computers, new biofuels, stronger 

and lighter materials, better solar cells, more abundant and nutritious food, purer water, and 

much more besides. They will be worth trillions in the years ahead. It is essential that Australia has 

a stake in this market” *Emphasis added+ – Senator Kim Carr, Minister for Innovation, Industry, 

Science and Research (Australian Government, 2010a) 

 
 “In a few decades we will see the merging of human and machine, a world where there is no 

distinction between the biological and the mechanical; illness will be eradicated, and human 

beings will live to 150 and have radically enhanced physical and mental capabilities. The starring 

roles in this highly speculative, but potentially real scenario will be nanotechnologies. 

Nanotechnologies will also change the face of energy, the environment, agriculture, 

communication and manufacturing” (TechnYou, 2009). 

 

“If you believe the hype, the nanotechnology revolution will deliver a future of unprecedented 

material abundance for everyone, limitless energy, ecological sustainability, improved human 

health and performance, and smarter, cheaper and more efficient materials and products. But 

there is another nanotechnological future that we are beginning to hear more about. This is one of 

toxic nanoparticle pollution, powerful new military equipment and weapons, ubiquitous 

surveillance devices, widening global inequities and the further concentration of corporate 

ownership and control across all industrial sectors” (Scrinis, 2004). 

 

This thesis investigates the emergence and evolution of nanotechnology and the consequences of 

its use. During recent decades scientific research and emerging technologies labeled as 

nanotechnology became important foci of science policy and public debate. As the above quotes 

illustrate, speculative accounts and representations of possible futures have been central to such 

policies and debates. The key question investigated here is: what characterises the trajectory, and 

related socio-political dynamics and dimensions, of nanotechnology research and development 

(R&D) in Australia? The analysis centrally draws on Science and Technology Studies (STS) research 

on new and emerging science and technology (NESTs) including the dynamics of expectations and 

‘promises’ in NESTs (Fortun, 2008; Parandian et al, 2011; Rajan, 2006; van Lente, 1993, 2000). The 

“cacophony of competing futures that, apparently, ‘will’ happen” in technology development 

(Kinsley, 2011, p. 237) is often highlighted as contributing to these dynamics. Indeed, STS research 
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has revealed that “many new [technological] options die at an early stage” (Rip & Schot, 2002, p. 

159). To gain an understanding of the trajectory of nanotechnology interviews with lead actors 

have been combined with theoretical and empirical analysis of key dynamics.  

 

In this chapter ‘nanotechnology’, and the use of the term, is outlined; its developing use in the 

evolving Australian context is summarised; and the structure of the analysis is described. 

 

1.2 ‘Nanotechnology’ 

 

1.2.1 The emergence of nanotechnology 

 

The term nanotechnology was first used in the 1970s to describe manufacturing that is precise 

down to the nanometre level.1 Related aims have featured in research agendas since the early 

1990s. These agendas have been built on notions of ‘molecular manufacturing’ and the invention 

of new scientific instruments capable of manipulating matter at very small scales (McGrail, 2010), 

along with the discovery that the properties and behaviour of materials can dramatically change at 

these tiny scales.2 In 1999 the United States (US) National Science and Technology Council (1999) 

observed an emerging “global race” to “master the nanoscale”. Nanotechnology, consequently, 

came to be officially adopted by many governments as the next major breakthrough technology 

(Nordmann, 2004), which Schummer (2008) later argued was becoming an “unprecedented global 

technological movement”. Over the past 11 years governments have invested an estimated 

US$67.5 billion in ‘nanotechnology’ research (Cientifica Ltd, 2011). Total global investment by 

2015 has been forecast to reach a quarter of a trillion dollars (Cientifica Ltd, 2011). 

 

Future-orientation and uncertainty are central to discourses around nanotechnology (Allhoff et al, 

2010; Peterson, 2011). Related technological domains remain mostly in very early phases of 

development such as in laboratory-based experimentation (Palmberg et al., 2009) and involved 

                                                             
1 Norio Taniguchi is generally credited with formally introducing the term nanotechnology in 1974 e.g. see ‘What is 
nanotechnology?’ at http://www.ntmdt.com/page/what-is-nanotechnology. Taniguchi defined it as “production 
technology allowing to reach ultrahigh precision and ultrasmall sizes ... of approx. 1 nm [nanometre]..." (see also 
Taniguchi, 1974). The prefix ‘nano’ used in ‘nanotechnology’ comes from the Greek word ‘nanos’ which means a dwarf. 
2 See the works of Drexler (1987; 1991; 2004), and now famous speeches by Richard Feynman on future technologies for 
making infinitesimally small things, which have been instrumental in popularising ‘nanotechnology’. 

http://www.ntmdt.com/page/what-is-nanotechnology
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actors, consequently, must operate in extremely speculative environments. Linked with this 

dimension, Rip (2006) has observed that nanotechnology “lives on promises”. Such promises are 

often broad, such as of a ‘third industrial revolution’, and occasionally more specific, such as of 

enabling a sustainable built environment and moderating energy demand (Smith & Granqvist, 

2011). Typical entries on lists of predicted future nanotechnologies, Macnaughten (2005, p. 282) 

notes, in effect “construct nanotechnology as a cure for more or less all human ills, and as the 

sustainer of future growth, prosperity and human happiness” (see Appendix 1 for an example). 

Nanotechnology is often seen as a radical discontinuity (Wood et al., 2008) with major, imminent 

changes projected and actors speculating on discoveries not yet made. In this way Milburn (2002, 

pp.263-4) contends that nanotechnology rhetoric often “rewrites the advances of tomorrow into 

the present tense” with the realisation of nanotechnology’s potential “envisioned as already 

[being] inevitable”. Many scholars and philosophers have consequently pointed to the prevalence 

of technological determinism in the social worlds of nanotechnology. 

 

Nanotechnology has also been accompanied by ethical and social discourses calling for new 

approaches to technology governance (e.g. see Kyle & Dodds, 2009; Munshi et al., 2007). Indeed, 

Nordmann (2010, p.25) argues that a central, perhaps defining, component of nanotechnology 

discourses and development has been the dual focus on evaluating ‘promise’ and ‘peril’. Similar to 

recent agricultural biotechnology debates, since soon after its emergence, environmental groups 

and activists tended to be the lead critics (e.g. see Arnall, 2003; ETC Group, 2003; Scrinis, 2004).3  

Whilst early debates often focussed on speculative future scenarios (e.g. ‘grey goo’ emerging due 

to self-replicating ‘nanobots’), critics have raised additional concerns, including: 

 Potential new risks to human or environmental health from the use of nanoparticles, e.g. 

nano-silver (Department of Industry, Innovation, Science and Research, 2011a);4 

 The capacity of current regulatory and governance instruments to manage such risks; 

 Potential for ‘net’ negative environmental consequences, caused by both systemic effects 

that offset any achieved efficiencies and underlying macro-economic pressures; 

                                                             
3 Criticism of such negative positions on NESTs has recently emerged in the environmental movement. For example, 
Lynas (2011, p.12) recently contended that an “[un]reflexive rejectionist position risks repeating mistakes of the anti-
genetic engineering campaign, where opposing a technology a priori means that lots of potential benefits were stopped 
or delayed for no good cause”. Shellenberger and Ted Nordhaus (2011) lament that “many environmentally concerned 
people today view technology as an affront to the sacredness of nature” (also see Brand, 2009; McGrail, 2011). 
4 See Appendix 2 for a list of current and near-term ‘nanomaterials’ relevant to the Australian context 
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 Use of nanotechnology in conjunction with, and/or facilitating the convergence of, other 

emerging technologies such as new gene technologies (e.g. in agriculture); and 

 Wider potential usage of nanotechnologies (e.g. military and surveillance applications). 

 

Linked with this emerging contestation, Schwarz (2004, p.203) observed that "nanorhetorics and 

nanovisions… in this debate coalesce with peculiar sharpness in the ‘environmental argument’” 

and noted that nanotechnology debates appear to “echo the arguments of the biotechnology 

debate". Most recently, the potential roles of nanotechnology in tackling climate change, solving 

energy challenges and addressing environmental problems more broadly has been more strongly 

advocated (e.g. see Carr, 2008a; 2008b; Lu & Tegart, 2008; Schmidt, 2007; Smith & Granqvist, 

2011) and challenged (e.g. see Azoulay et al., 2009; Illuminato & Miller, 2010; Miller, 2008a, 2009; 

Moses, 2010). Whilst critics argue there is a fundamental mismatch between the claims made by 

proponents and nanotechnology realities, supporters such as Harper (2010a) argue that the early 

stage of development and future potential must be considered when evaluating nanotechnology. 

These conflicts introduce further anticipatory dimensions. Actors must consider the prospective 

development and usage of nanotechnology, and the potential ecological, social and economic 

effects of these uses, and consequently grapple with a high degree of uncertainty. 

 

Importantly, nanotechnology has also been widely framed as an important ‘test case’ for the 

effective governance of emerging technologies (e.g. see Allenby & Rejeski, 2008; Gavelin et al., 

2007; Rogers-Hayden & Pidgeon, 2006; Toumey, 2006; Whaley, 2009). Concerns about potential 

associated risks have prompted governments to reconsider regulations (Hodge et al, 2010b; 

Maynard, 2011). The editors of the International Handbook of Regulating Nanotechnologies Hodge 

et al (2010b, p. 4) go so far as to argue that nanotechnology is a ‘wicked’ policy problem in which 

“the challenge of governing technology, as well as its relationships to the public and to businesses 

are all at stake”. What defines it as ‘wicked’ is that it is “a problem that many stakeholders are 

interested in, but which remains complex, ill-defined, highly contested or perhaps even imaginary” 

(Hodge et al., 2010a, p. 573). They point to the emergence of a “nanotech equivalent of the Tower 

of Babel – a lot of talk, but little constructive dialogue” due to “different framesets”, “varying 

interpretations of what ‘nanotechnology’ means” and “confusion over the underlying science” 

(Hodge et al., 2010a, p. 573). Furthermore, they are concerned policymakers may be confounded 

by the hype and speculation surrounding nanotechnology and have observed “regulatory dialogue 
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driven by arbitrary definitions and speculative futures” (Maynard et al, 2011a). 

 

Consistent with the above outline a recent collection of papers on the emergence and prospects of 

nanotechnology noted three issues (Randles et al, 2008). First, ‘novelty, convergence/emergence 

and variety’, which concerns “the extent to which nanoscience has ushered in a ‘new world’” and 

nanotechnology is a ‘new frontier’; second, ‘risk, responsibility and stakeholder engagement’; and 

third, ‘polemics’ to ‘plurality’, which relates to the fact nanotechnology debates are “characterized 

by … [a] polarized polemic nature and ‘abstract’ settings” (Randles et al, 2008). 

 

1.2.2 Nanotechnology: definitional issues and use of the term in this thesis 

 

It has been argued that nanotechnology is the least well defined of current candidates for 

emerging technologies (Falk, 2007). It is both a “handy shorthand label”, given power by frequent 

usage, and arguably something that “itself doesn’t exist” (Hodge et al, 2010b, p.7).5 A further 

major complication is that the term continues to be used in diverse ways. 

 

One way the term is frequently used is to refer to new set of scientific tools and techniques. For 

example, Tegart (2004) defined nanotechnology as “a set of tools for manipulating matter at the 

nanometre level” (10-9m). Prominent critic the ETC group (2010, p.iv) has similarly defined 

nanotechnology as “a suite of techniques used to manipulate matter on the scale of atoms and 

molecules”. Others describe it as “molecular engineering” (e.g. Hodge et al, 2005), which the 

Prime Minister’s Science, Engineering and Innovation Council (PMSEIC) express as “engineering at 

the molecular (groups of atoms) level” (2005, p.2). An earlier PMSEIC (1999) report described 

nanotechnology as “the ultimate in engineering precision and control” through novel ‘bottom-up’ 

approaches to fabrication. Focus on particular scales is clear in other uses. The Australian 

Government (2011a) currently simply defines nanotechnology as “the manipulation of matter at 

the molecular scale”. The UK Royal Society and Royal Academy of Engineering (RS-RAE, 2004) 

provided related definitions, but distinguished between ‘nanoscience’ and ‘nanotechnologies’ and 

specified utilisation of the distinctive behaviour of matter at the nanoscale.  

                                                             
5 They further frame this as a “central paradox”, with one of the editors of the International Handbook of Regulating 
Nanotechnologies (Maynard, 2008) also describing nanotechnology as “a ghost that we have created”. Maynard (2009) 
has further remarked elsewhere that “in many ways, it’s a fake” and “really just a convenient shorthand”.  
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The Australian Nanotechnology Network (ANN) both uses the US National Nanotechnology 

Initiative definition of nanotechnology which, in essence, conflates “nanoscale science, 

engineering and technology” under a single umbrella term with a particular focus on the 1-100 

nanometre scale generally described as the ‘nanoscale’, and uses nanotechnology to refer to a 

new interdisciplinary field of research.6 Definitions based on focussed use of science at this scale 

are seen by some as highly problematic. Randles et al (2008, p.3) note that is has been argued that 

the term is redundant as science at this scale has been undertaken for decades. 

 

A third way the term is used is as a collective term for a new class of technologies. In this way, 

CSIRO (2011) defines nanotechnology as “new processes, devices and products” that “use 

extremely small particles called nanomaterials”. An example is the use of anti-bacterial silver 

nanoparticles in refrigerators (McCall, 2008, p.7). Such definitions have also been challenged. 

Randles et al (2008, p.3) also contend that this definition is unhelpful “since in this sense nano-

products have been around for a long time” (e.g. carbon black nanoparticles used in car tyres). 

Swierstra and Rip (2007) similarly argue that there is little to “warrant the prefix ‘nano’”. 

 

A fourth use refers to emerging future technologies that converge at the nanoscale (Loveridge et 

al, 2008) and/or the convergence of related scientific disciplines (Roco et al, 2011). This usage of 

the term primarily relates to the complex identified and foreseen convergence of nanotechnology, 

biotechnology, information technology and cognitive science (see Roco & Bainbridge, 2002; also 

known as ‘NBIC’) and related knowledge domains (see Figure 1 below). Consistent with this usage 

Loveridge et al (2008, p.30) point to an emerging group of generic ‘nanoscale technologies’ that 

“when used in convergent sets, enable the production of nano-artefacts”. 

 

                                                             
6 See “What is nanotechnology?” at http://www.ausnano.net/content/about, last accessed on 13th February, 2011.  

http://www.ausnano.net/content/about
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Figure 1: Knowledge domains and theorised convergence in ‘nanotechnology’ 

  

Source: Phillips (2007, p. 27) 

 

Wood et al (2008) argue that we should explicitly distinguish between different common 

interpretations – which they term ‘incremental’, ‘evolutionary’, and ‘radical’ – rather than treat 

nanotechnology as a single homogenous category (see the brief outline of each interpretations in 

Table 1 below).7 Furthermore, they contend that making these distinctions helps us to understand 

different perspectives in public debates about nanotechnology, such as the “radical utopians” who 

wish to “limit nanotechnology to the radical type” (Wood et al, 2008, p.14). 

 

Table 1: Three types of 'nanotechnology' 

Type Description Examples 

Incremental Scientific and technological 
developments that, essentially, are 
a continuation of major research 
directions of the past 50 years and 
have been ‘re-labelled’ 

Includes much colloid science and materials science, 
focusing on materials that have new properties as a 
result of controlled nanoscale structures. This type 
also includes bulk production of nanoparticles for 
use in consumer products (e.g. sunscreens). 

Evolutionary The scaling down of technologies 
towards the ‘nanoscale’ 

Includes developments in information technology 
(e.g. new semiconductors) and molecular delivery 
(e.g. new drug delivery systems). 

                                                             
7 Also see the generations model: first-generation ‘passive nanostructures’, second-generation ‘active nanostructures’, 
third-generation ‘systems of nanosystems’, and fourth-generation ‘molecular nanosystems’ (Roco, 2004) 
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Type Description Examples 

Radical The creation of new fully functional 
‘nanoscale machines’ and the 
engineering of nano-systems 

Proposals for futuristic ‘molecular manufacturing’ 
and non-engineering approaches that could have a 
similar outcomes (e.g. ‘bionanotechnology’). 
‘Convergent technologies’ vision (i.e. ‘NBIC’ vision): 
nanotech-biotech-infotech-cognitive science. 

Source: adapted from Wood et al. (2008) 

 

Sociological definitions of nanotechnology have also been provided by STS scholars. Randles et al 

(2008, p. 3) contend that “there is much evidence to support the argument that its widening into 

popular parlance is part of a socio-technical and above all political project to mobilize actors 

around the objective of raising finance – and channeling substantial levels of investment capital 

and attention towards particular privileged projects”. ‘Nanotechnology’ functions as an ‘umbrella 

term’ that performs de facto governance roles. Umbrella terms black-box diverse activities, which 

may remain unspecified, and typically have three key characteristics outlined as by Rip and Voß 

(2009): 1) “representation of a promise or concern, which allows claims for relevance and 

mobilisation of legitimacy and resources”; 2) “justification of investments that policy makers 

make, while actual governance is delegated to the umbrella term” which offers protection to 

associated activities; and 3) “projection of great futures for science and for society”.8 STS scholar 

Williams (2006, p.330) also suggests we “see nanotechnology, in the first instance, as a somewhat 

unruly construct of technology proponents”. This construct consequently becomes “a space within 

which technology promise can be negotiated” (Williams, 2006). Issues include rebranding research 

and ongoing negotiation as the nanotechnology project evolves and different groups use the term 

(Fuller, 2009; Hodge et al., 2010a; Kaplan & Radin, 2011; Munshi et al., 2007). 

 

Wood et al (2008) have also described nanotechnology as a ‘socio-technical project’. In this 

characterisation nanotechnology is seen to have developed as much through “forces external to 

science and engineering as within” (Wood et al, 2008). In this sense nanotechnology is an example 

of contemporary ‘Mode 2’ science in which the goals of scientists become more defined in terms 

of societal aspirations (Wood et al, 2008; also see Gibbons et al., 1994).9 

 

As nanotechnology is an umbrella term commonly referring to disparate areas of science and 

                                                             
8 ‘Biotechnology’ was the first complete example of such an umbrella term (Rip & Voß, 2009). 
9 Jones (2008b) similarly defines nanotechnology as “the application of [these] mode 2 values to the physical sciences" 
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technology – that are broadly focused on the ‘nanoscale’ (e.g. the engineering or precise 

manufacturing of materials with a special focus on this scale) – the use of the term in this thesis 

will be consistent with this. The complexity of this domain is crucial: at this small scale, the classic 

laws of physics don’t apply (RS-RAE, 2004). Where nanotechnology as a political or socio-technical 

project is discussed the term nanotechnology project will be used. Where reference is made to 

nanotechnology as constructed phenomena ‘nanotechnology’ and ‘nano’ are used. 

 

1.3 The evolving Australian context 

 

Research and development activities that are today described as ‘nanotechnology’ were initiated 

in the 1980s and 1990s. For example, in Australia during the 1980s CSIRO scientists worked on 

molecular composite materials – which could today be classed as a ‘nanostructured material’ – 

and developed novel food packaging applications incorporating these materials (Bowman & 

Hodge, 2007). From 1992-1998 the CRC for Molecular Engineering and Technology: Sensing and 

Diagnostic Technologies worked on experiments with functioning biological nanoscale devices 

(Bowman & Hodge, 2007). In the early 1990s the former Australian Science and Technology 

Council (ASTEC) first identified ‘nanotechnology’ as a “new science” that is “potentially of great 

significance to the nation” (Commonwealth of Australia, 1993, p. iii). 

 

In the early 2000s nanotechnology became more heavily promoted (e.g. Braach-Maksvytis, 2002; 

Fowler, 2002). In 2001 CSIRO established a Nanotechnology Centre, followed in 2002 by the 

designation of nanotechnology as a priority research area (by the Australian Research Council 

[ARC]) and formation of the Nanotechnology Victoria consortium. Research centres and programs 

were established soon after, such as the ARC Centre for Excellence in Functional Nanomaterials, 

and ‘disruptive’ potential became widely promoted. For example, Hodge et al (2005) asserted that 

nanotechnology “offers unrivalled opportunities” and is “an important component in the future of 

national economies”. The working group of scientific and industry experts established by PMSEIC 

(2005, p.22), in its report to government, described nanotechnology as “a revolutionary new 

technology that could be as significant as electricity or the microchip, transform whole industry 

sectors, and generate product sales exceeding US$2 trillion by 2015”. They argued that “Australia 

cannot afford to ignore nanotechnology”, that “disruptive innovations … should arise from 
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nanotechnology over the next decade”, and that those innovations could be expected to create 

“entirely new industries” (PMSEIC, 2005, p.3). In line with the convergence perspective described 

above, the experts argued that what unites ‘nanotechnology’ “is the natural convergence of all 

basic sciences (biology, physics and chemistry) at the molecular level” (PMSEIC, 2005, p.2). A 

summary of the key promises and claims made in this report is presented below: 

 

Table 2: Major promises and claims in the PMSEIC (2005) report to the Australian Government 

 Nanotechnology is “one of the most promising fields of science” and has “the potential to create multi-trillion 
dollar industries in the coming decade” (p.12) with the general, related expectation that “Australian industry 
will become increasingly reliant on nanotechnology solutions over the next 5-10 years” (p.38) 

 The ‘nanoscale’ is especially important, e.g. “most of the critical biological interactions are on the nanoscale” 
(p.29); “all the elementary steps of energy conversion take place on the nanoscale” (p.17); and “at this very 
small scale, the properties of materials … change in unexpected ways” (p.2). 

 Nanotechnology is important for addressing pressing societal challenges, such as creating ‘clean and efficient 
energy generation’, providing access to ‘safe, clean, affordable water’, and environmental remediation 

 “Engineering nanotechnology has the potential to transform the way we live” because “it transcends the 
conventional boundaries between physics, chemistry, biology, mathematics, information technology” (p.2) 

 Australia has a “significant nanotechnology opportunity” (pp.27-8) in five key industry sectors: minerals and 
agribusiness; medical devices and health; energy and environment; advanced materials and manufacturing; and 
electronics and information and communications technologies (ICT). 

 Specific future opportunities in next 5-10 years (p.28) include: ‘bio-leaching processes’ i.e. for mining operations 
without surface disturbance (minerals processing opportunity); ‘artificial photosynthesis’, ‘paint-on solar cells’, 
nanoporous membranes’ to produce hydrogen from coal, and new ‘membranes for bulk water desalination and 
purification’ (energy and environment); ‘point-of-care’ testing/diagnostics (medical devices); ‘intelligent 
packaging’, textiles with electronic/new mechanical properties (advanced materials and manufacturing sector); 
‘organic computers’ involving the ‘integration of IT and biological systems’ (electronics and ICT). 

 Australia has “invested substantial research effort and funding in nanotechnology and will need to continue this 
if we are to retain a competitive position in this global and rapidly expanding opportunity” (p.10). 

Source: PMSEIC (2005) 

 

During and after this period nanotechnology became the subject of national and state government 

policy agendas (Australian Government, 2006; Department of Innovation Industry and Regional 

Development, 2004; Victorian Government, 2008). In 2007 the then Federal Liberal Government 

created the National Nanotechnology Strategy (NNS) and the Australian Office of Nanotechnology 

(AON) to oversee the strategy’s implementation, with the relevant Minister, asserting in the media 

release that announced the NNS that “big things are planned for the industry of the very small” 

(Minister for Industry, Tourism and Resources, 2006). 
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These developments have been accompanied by increasing concerns voiced mainly by civil society 

organisations. Similar to other contexts and biotechnology debates, environmental activists led 

this contestation. In particular, from early 2005 Friends of the Earth Australia (FoEA) has sought to 

challenge these new policy agendas. FoEA has released critical reports on the use of nano-sized 

particles and ‘nanomaterials’ in sunscreens and cosmetics (Miller, 2006) and food and agriculture 

(Miller & Senjen, 2008), the use of nano-silver in antibacterial applications (Senjen & Illuminato, 

2009), and the potential application of nanotechnology for addressing climate change and energy 

problems (Illuminato & Miller, 2010). FoEA has argued that: nanoparticles and nanomaterials 

present greater and new toxicity risks; government and industry have not taken related warnings 

of potential hazards seriously; and alternative, simpler technologies should be preferred (e.g. to 

address climate change). FoEA and some other groups (e.g. National Toxics Network) have also 

called for a moratorium on the commercialisation of products containing ‘nanomaterials’ and 

withdrawal of existing products. In 2010 FoEA held its first public protest at the Melbourne 

International Fashion Festival, which was sponsored by L’Oreal (see Figure 2 below).  

 

Figure 2: Protest at 2010 L’Oreal Melbourne International Fashion Festival 

 

Source: http://nano.foe.org.au/foea-takes-nano-cosmetics-safety-concerns-loreal-sponsored-

catwalk, website last accessed August 10, 2011. 

http://nano.foe.org.au/foea-takes-nano-cosmetics-safety-concerns-loreal-sponsored-catwalk
http://nano.foe.org.au/foea-takes-nano-cosmetics-safety-concerns-loreal-sponsored-catwalk
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Others have subsequently voiced concerns about hazards and current regulatory measures, 

including the Greens party (Milne, 2006; Rhiannon, 2007; 2010; The Greens, 2010), unions (ACTU, 

2006; 2009; Victorian Trades Hall Council, 2010) and some academics (e.g. Faunce, 2010).10 

Opportunities for public participation in policy-making are frequently argued to be inadequate 

particularly in relation to the claimed disruptive potential (e.g. see Joint NGO submission, 2006; 

Harwood & Schibeci, 2008; Lyons & Whelan, 2009; Lyons, 2009; Milne, 2006). The ‘nano’ prefix is 

also used to label perceived risks, such as might emerge from new ‘nano-pollution’ and new 

‘nanofoods’ (e.g. Lyons & Paull, 2008; Miller & Senjen, 2008; Miller & Kinnear, 2007; Scrinis, 2006; 

Wickson, 2009). Most recently, product labelling and marketing issues have intensified (Carbonell, 

2011; Friends of the Earth Australia, 2011). The Therapeutic Goods Administration Complaints 

Resolution Panel recently ruled that advertisements for Invisible Zinc sunscreen must be 

withdrawn because they implied that competitor sunscreens (that contain nanoparticles) are 

potentially dangerous. Regulatory bodies are also reviewing the labelling of consumer products as 

‘non nano’ – a new marketing practice which is also becoming contentious. 

 

Public debate about potential hazards and associated regulatory issues led to a commissioned 

review of Australia’s regulatory frameworks (Ludlow et al., 2007), an inquiry in New South Wales 

(O'Kane, 2009), and new ‘industrial nanomaterial’ regulations. These reforms were introduced in 

response to uncertainties surrounding risks and the appropriateness of risk assessment protocols 

(Australian Government, 2010b) and gaps identified in reviews. The major change made to-date 

has been that “nano-forms of chemicals not listed on the national inventory are considered to be 

‘new chemicals’”, are excluded from self-assessment and require approvals.11 

 

The wider policy environment recently has also evolved significantly. The new Federal Labor 

government – elected in 2007 – adopted a new ‘responsible management’ framework for 

                                                             
10

 Also notable is the exclusion of nanotechnology in the Biological Farmers of Australia (BFA) standard for organic food 
and cosmetics production which was enacted in 2008 (see http://www.bfa.com.au). BFA have subsequently argued that 
organic products in the absence of labelling provide a “no nano” ‘safe haven’ for consumers (Beaty, 2011). 
11 The working definition: “industrial materials intentionally produced, manufactured or engineered to have unique 
properties or specific composition at the nanoscale, that is a size range typically between 1 nm and 100 nm, and is either 
a nano-object (i.e. that is confined in one, two, or three dimensions at the nanoscale) or is nanostructured (i.e. having an 
internal or surface structure at the nanoscale)”. Examples of nanoforms of new chemicals are fullerenes and carbon 
nanotubes; examples of nanoforms of existing chemicals are titanium dioxide and nanosilver. Others argue that nano-
forms of existing chemicals should also be considered new chemicals (e.g. Victorian Trades Hall Council, 2010). 

http://www.bfa.com.au/
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“capturing the benefits” of nanotechnology whilst simultaneously addressing concerns (Australian 

Government, 2008). The NNS was wound up two years early in 2009, closing the AON, and a new 

four-year $38.2m National Enabling Technology Strategy (NETS) was introduced (Australian 

Government, 2010c).12 Australia’s new Chief Scientist Ian Chubb has highlighted the focus in NETS 

on public acceptance of ‘enabling technologies’ which he contends “is an important part of the 

work” (Chubb, 2011). Critics have argued that NETS is a “cop out” that will not “protect people and 

the environment from a new asbestos tragedy” (Friends of the Earth Australia, 2010) and is based 

on a mistaken “underlying ideology” which suggests “biotechnology and nanotechnology are 

inherently desirable technologies” (Greenpeace Australia, 2009). Greenpeace further argued that 

“serious consideration needs to be given to the potential medium to long-term consequences of 

this technology, and the level of public consultation regarding these technologies needs to be 

proportionate to this” (Greenpeace Australia, 2009). The Victorian Government (2010) has also 

recently shifted policy focus to ‘small technologies’. Significantly, new Federal and State policies 

indicate a broadening of focus. In addition to the chemicals regulator, the National Industrial 

Chemicals Notification and Assessment Scheme (NICNAS), other key regulatory bodies such as the 

Food Standards Australia New Zealand (FSANZ) have increased their engagement.13 

 

The context thus presents a complex, mixed picture. On the one hand, National Research Priorities 

currently include developing “frontier technologies”, such as nanotechnology, and government 

investment is estimated to be $107 million a year (Jones, 2010). Such research is currently mainly 

led by university-based and CSIRO research groups (e.g. see Table 3 below for research themes at 

a relevant division of CSIRO). On the other hand, as documented in an Australian Academy of 

Science (2009) report, recent years have been transitional ones for nanotechnology with a 

reduction in commercial activity, closure of related bodies (e.g. Nanotechnology Victoria, the 

Australian Nano Business Forum) and most research remaining at pre-commercialisation. This 

trend has been described as a “nanotech retreat” (Jones, C., 2010). Government investment in 

biotechnology is also currently four times as large (Australian Government, 2010d). 

                                                             
12 Approximately half the funding to be spent on nano-metrology aspects (at the National Measurement Institute); $9.4 
million allocated to community engagement and public awareness; $10.6 million allocated to policy and promotion of 
industry uptake. ‘Enabling technologies’ are sometimes also referred to as ‘platform technologies’ (e.g. Department of 
Innovation, Industry, Science and Research, 2011b) with the terms used effectively as synonyms. 
13 Importantly FANZ has amended the Australian New Zealand Food Standards Code to include “the requirement of 
information on particle size, size distribution and morphology where substances are particulate in nature and will 
remain so in the final food” and also conducted a review of scientific literature on the potential toxicological novelty of 
nanomaterials (OECD, 2010). 



20 
 

  

 

Table 3: CSIRO Future Manufacturing Flagship research themes (nanotechnology related) 

Theme Research activities 
Flexible electronics  Two major research streams: lower cost organic photovoltaics (printable, 

plastic solar cells), and integrated plastic electronics 
 Research involves “convergence of nanotechnology, conducting polymers 

and methods for controlling polymer structure on a molecular level” 
Sustainable materials  Development of ‘responsive’ materials: such as ‘self-healing’ materials that 

autonomously detect and repair damage, thermally switchable materials. 
 Multi-functional ‘materials systems’ (e.g. self-cleaning); light-weighting 
 Improving performance of bio-derived and biodegradable composites  
 Clean manufacturing technologies to improve Australian manufacturing 

industry (e.g. new geopolymers to replace portland cement) 
Advanced fibrous 
materials 

 Research to improve design and fabrication of products, introducing new 
qualities (e.g. biodegradability, conductivity, high-strength, fire resistance) 

 Capabilities include (selected): production of nanofibres by electrospinning; 
carbon nanotube (CNT) yarn and sheet manufacture; integration of 
electronic functions into textiles (e.g. energy storage into military garments) 

Nanosafety  Identify and minimise adverse impacts from exposure to nanomaterials. 
 Help to bridge current nanosafety information gaps with a focus on human 

and environmental health risks 
Biomedical 
manufacturing 

 Research on new biomedical devices and agents (e.g. new imaging agents) 

 

Source: http://www.csiro.au/org/FutureManufacturingFlagship.html, last accessed 10th August 

2011, and Davenport (2009) 

 

1.4 Summary of chapter and thesis overview 

 

This chapter has outlined the emergence of a focus on ‘nanotechnology’ in science policy and 

debate internationally and in Australia, mainstream and STS/sociological uses and definitions of 

the term ‘nanotechnology’, and the evolving Australian context. Promised nanotechnology futures 

and related claims were followed by counter-claims made about the potential associated new 

hazards, negative longer-term effects, and social implications (also see Seear et al., 2009).14 

Recently, regulatory bodies in Australia have begun to act on concerns about associated risks and 

uncertainties, seeking to identify and address gaps in regulatory frameworks. Environmental 

movement participants, along with other civil society actors, have been important lead actors in 

these developments. These critics have questioned the desirability of nanotechnology and policy-

                                                             
14 This review of literature included such future-oriented themes as ‘privacy and surveillance’ 
issues, ‘human enhancement’, potential ‘nano-divides’, amongst others (e.g. intellectual property 
rights). See also PMSEIC (2005, pp.20-2) which described such long-term societal impacts and 
concerns as “still hypothetical” but, nonetheless, also stated that “the potential social and ethical 
impacts of nano-derived products are considerable”. 

http://www.csiro.au/org/FutureManufacturingFlagship.html
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making and decision-making processes (e.g. the role of non-experts through public participation). 

Related tensions have intensified. The evolving Australian context also indicates changes in the 

status of nanotechnology in policy and declining commercialisation activity. 

 

As outlined in section 1.1 the central question in this thesis is: what characterises the trajectory, 

and related socio-political dynamics and dimensions, of nanotechnology R&D in Australia? Related 

to this additional questions are asked: What key socio-political dynamics shape NESTs? How 

should disputes about ‘nanotechnology’ be understood? Chapter two situates the study in the 

Sociology of Expectations field and reviews additional relevant literature. Chapter three presents 

the findings of the empirical research carried out to assist in addressing these questions, based on 

30 interviews with lead Australian actors. Chapter four furthers consideration of the empirical 

findings, by briefly placing these within the context of unfolding international developments and 

related trends. Finally, chapter five develops the summative conclusions and specifically addresses 

the sub-question: how should disputes about nanotechnology be understood?  
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2. Situating this thesis: Socio-political dynamics shaping new and 

emerging science and technology (NESTs) and nanotechnology 

 

2.1 Introduction 

 

This chapter reviews Science, Technology and Society (STS) research on new and emerging science 

and technology (NESTs), consistent with the early developmental stage of nanotechnology. Within 

STS research on NESTs a growing sub-field termed the Sociology of Expectations (SoE) has 

developed, which has examined the shaping roles of expectations and ‘promises’. Simply put, 

expectations are “circulating representations of the future” (Van Lente, 2011). The prominence of 

speculative accounts of futures in nanotechnology development and related discourses suggested 

this line of enquiry. As noted by Parandian et al (2011), expectations are influential in the 

development and shaping of NESTs “because it is through them that future value of technological 

options is articulated and to some extent becomes stabilized” and actions “to intervene in socio-

technical networks” are motivated. Expectations can feature both positive expectations and 

potential risks. NESTs are also “accompanied by promises about their interest, performance and 

societal effects” (Parandian et al (2011). The perspective developed in SoE is inspired by other STS 

approaches, such as the ‘co-evolutionary’ and actor-network approaches and the constructivist 

perspective, as well as complementary perspectives such as from economics (Brown et al, 2003). 

The purpose of the review is: first, to present existing knowledge on the dynamics of expectations 

and promises as they pertain to NESTs and the trajectory of ‘nanotechnology’; and second, to 

inform and refine the selection of relevant directions for the empirical research. 

 

2.2 Literature review 

 

2.2.1 The socio-political roles and dynamics of expectations 

 

SoE scholars have investigated the role of expectations in influencing technological change and 

developed a related sociology of expectations. In their overview Borup et al (2006, p.286) define 

expectations as “real-time representations of future technological situations and capabilities”, and 
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argue that research has shown them to be a “basic and important feature of modern science and 

technology” (p.293). A strong position is taken on the role of expectations arguing “very little in 

innovation can work in isolation from a highly dynamic and variegated body of future-oriented 

understandings about the future” (Borup et al, 2006, p.286). Core to this perspective is viewing 

expectations as generative. That is, having such effects as legitimating decisions, mobilising 

resources, establishing a sense of opportunities and risks, and coordination (Borup et al, 2006). In 

Horst’s (2007, p.151) words expectations “function as productive representations, which shape 

the conditions of possibility”. Brown et al (2003) have similarly asserted that “there is always a 

performative aspect to them” *emphasis in original+ in that they also “perform a real-time purpose 

in shaping present day arrangements” and are “part of the world of action”. Related potentials 

are: for expectations to act as ‘self-fulfilling prophecies’, guiding actions that direct changes in the 

direction of the ‘prophecy’ (Bakker & Budde, 2011; Geels, 2007); and for actors to be prompted to 

break out of ‘waiting games’ through technological hypes, during which there is rapidly increasing 

attention on, and expectations about, a particular technology (Bakker & Budde, 2011). 

 

Expectations have been argued to be especially important in the early stages of innovation, for the 

establishment of new fields, and for radical innovations which require establishment of new 

expectations that challenge existing paradigms and incumbent industries (Bakker & Budde, 2011; 

Borup et al., 2006; Konrad et al., 2009; Spinardi & Williams, 2005). For example, Konrad et al 

(2009) observe that in the early stages actors are “confronted with high uncertainties” and, thus, 

“have to rely on expectations”. Borup et al (2006, p.289) similarly note that: 

 

Here it is likely that roles will be ambiguous, lacking form or agreement; regulatory aspects 

like those of standards and quality control are unlikely to have been developed; market 

players will experience acute levels of uncertainty in judging appropriate levels of 

investment; it will probably be the case that numerous competing innovation futures are 

also being promoted; contestation and conflict may be very high, etc. It is in these early 

moments of uncertainty that shared expectations increase the possibilities of success by 

enrolling a wider range of stakeholders. The problem of course is that, because 

expectations are at their most intense during the early stages of a technology, the vision is 

ultimately very likely to differ from future reality. [Emphasis added] 

 

In their outline of the social dynamics of expectations Brown et al (2003, p.5) observe that 

“already at the very earliest stages of a field’s formation, actors use ‘hypes’ and ‘hopes’ as a 



24 
 

  

means to initiate movement, position themselves and others, build alliances and marginalise 

competing fields – this is how networks and industry structures emerge”. Geels (2007) similarly 

notes that initial expectations, often in the form of diffuse ‘scenarios’, are used strategically. This 

is a focus of a collection of SoE papers which have identified attempts, often contested, to “create 

‘direction’ or convince others of ‘what the future will bring’” (Brown et al, 2000, p.4). 

 

Recent expectation studies have also highlighted broader, related socio-political dynamics and 

questions (see Borup et al, 2006), including: social variability and patterning (i.e. varying between 

different involved groups), which can relate to the degree of distance from actual uncertainties, 

degree of influence over outcomes, and access to information, as well as for particular 

constituencies (e.g. scientific, business and policy circles); and variability according to different 

kinds of scientific or technological fields (e.g. for specific application areas, or for more generic 

scientific/technological areas). It is further suggested that actor expectations may be more fragile 

and the dynamics “more pronounced” for specific application areas (e.g. hydrogen-based energy 

technologies), rather that generic areas such as nanotechnology, however these propositions are 

left tentative pending comparative analysis (Borup et al, 2006, pp.294-5). 

 

Peterson (2011) has made an important recent contribution to SoE literature – focussed mainly on 

medical biotechnologies (e.g. stem cell research) – which argues that the roles of expectations 

continue to be under-recognised and that the generation and sustaining of expectations is “an 

inherently political process”. The production and acceptance of expectations by actors is argued to 

be embedded in a wider political and expectations economy. The production of expectations is 

addressed in other SoE literature (e.g. Bakker & Budde, 2011, who discuss the role of technological 

‘enactors’); however, a broader range of actors is argued by Peterson to have a vested interest in 

maintaining high expectations about NESTs. Related ‘politico-economic dynamics’ are described in 

which expectations, particularly of outcomes “seen to produce economic benefit” (Peterson, 2011, 

p.24), are generated and sustained by those constituencies with a stake in them which can range 

from involved scientists through to social scientists and related scholars (e.g. legal scholars and 

ethicists). Questions of who gets to define and enact futures, i.e. of power and authority, have also 

been raised by other SoE scholars (Borup et al, 2006; Brown et al, 2000). Peterson is concerned 

that over-optimistic expectations can result in the unjust skewing of funding, the overlooking of 

wider implications, and problematic shaping of responses to new technologies. 
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SoE research also suggests that expectations over time may develop within general patterns and 

dynamics, whilst allowing that each case will still have its own particular characteristics. Two 

important patterns are technological hypes and hype-disappointment cycles (Bakker & Budde, 

2011; Brown, 2003; Ruef & Markard, 2010). Hypes are an “extreme manifestation of technological 

expectations” (Bakker & Budde, 2011), which Ruef and Markard (2010) argue involves both 

sharply rising expectations (which may turn out later to be inflated) and increasing attention – see 

Figure 3 below. Related outcomes often emerge in the form of alternating cycles of hype and 

disappointment. Borup et al (2006, p.290) link these patterns to the strategic use of expectations 

by actors and the underlying “structure of the expectations” (e.g. early technological expectations 

are often deterministic and focus on the future and new, rather than continuities). Geels and Smit 

(2000, p.867) draw on SoE research to similarly assert that “the evolution from broad sweeping 

promises to more down-to-earth assessments is inherent in technological developments” because 

of the performative role of expectations (noted above) in developments. 

 

Figure 3: Stylized ups and downs of media attention in case of hype 

 

Source: Ruef & Markard (2010) 

 

A well-known depiction of hype is Gartner’s ‘hype cycle’ (see Figure 4 below): a new ‘technological 
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trigger’ leads to a peak of ‘inflated expectations’, followed by inevitable disappointments and then 

eventually realisation of more modest applications. SoE analysts have criticised this model arguing 

that many cases do not match the theory and that it re-introduce linear views and understandings 

of technological change (e.g. Borup et al., 2006; Geels, 2007; Rip, 2006a). 

 

Figure 4: Garner consultancy five-stage ‘hype cycle’ model 

 

Source: http://www.gartner.com/technology/research/methodologies/hype-cycle.jsp, last 

accessed 11 August, 2011 

 

Emerging themes in SoE research are consideration of the net effect hypes, associated actor 

dilemmas, and whether hypes can be managed (Bakker & Budde, 2011; Brown, 2003; Ruef & 

Markard, 2010; Spinardi & Williams, 2005). Hypes can have positive impacts as noted; however, 

they can also have various negative effects on innovation processes, including: contributing to the 

production of artificially polarised discourses that are not grounded in scientific realities (Brown, 

2003), causing social and legitimatory costs due to later disappointments (Borup et al., 2006; 

Brown, 2003); potential disruptive breakdowns in expectations and associated requirements to 

reinforce expectations (Konrad et al., 2009); and the misallocation of resources (Borup et al., 2006; 

Peterson, 2011). The worst-case scenario for proponents is termed ‘suicidal prophecies’ by Bakker 

and Budde (2011). In this scenario disappointment “is so destructive that it triggers the death of 

the initial prophecy” (Bakker & Budde, 2011). Additionally, Bakker and Budde’s (2011, p.13) recent 

http://www.gartner.com/technology/research/methodologies/hype-cycle.jsp
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analysis of hydrogen and fuel cell hype found that hypes are “difficult, if not impossible, to 

control” because they attract actors with different motivations (e.g. to debunk or take advantage 

of the hype).15 Spinardi & Williams (2005) further comment that there are actor dilemmas: 

 

in terms of how to pitch expectations: aim too low and there may be difficulties in 

justifying public support. However, if claims are pitched very high there is a danger of a 

backlash if progress in meeting these expectations is too slow (as happened in the case of 

artificial intelligence). 

 

Borup et al (2006, p.290) have similarly argued that “disappointment seems to be almost built into 

the way expectations operate”. They further ask “would such a minimization [in hyping] itself be 

risky in terms of reducing or undermining many of the things that hype is supposed to achieve 

(attracting interest and investment, etc)?” (Borup et al, 2006, p.295). With reference to policy 

contexts Spinardi & Williams (2005) further describe the dynamics: 

 

The temptations to overstate capabilities and understate challenges may lead to a kind of 

foreshortened, ‘compressed foresight’ in which the technical and societal outcomes of 

proposed breakthroughs are projected as arriving in too rapid and straightforward a 

manner. This carries obvious risks of disillusion. [Emphasis added] 

 

New, related expectation analysis and management challenges have emerged (Borup et al., 2006; 

Brown et al, 2003). Borup et al (2006, p.287) note that “new decision-making demands” must now 

be grappled with, as “firms and policy makers are [being] confronted, even bombarded, with 

technological promises” in the contemporary context. Moreover, these SoE scholars note that 

“just as often, such actors are confronted with disappointing outcomes and with promises that do 

not seem to hold”. However, such expectation analysis remains problematic because it is “difficult 

to see whether — this time — ‘our high expectations’ might be justifiably warranted” (Borup et al., 

2006, p.290). Other SoE scholars agree, arguing that it is only in hindsight that the extent to which 

expectations are inflated can be truly assessed (Bakker & Budde, 2011). 

 

Another important theme is what Brown (2003) terms the ‘political economy’ of expectations. 

Biotechnology discourse analysis has revealed that “rival expectations each vie for ascendancy”. 

                                                             
15 In considering the net effect of hypes they advocate consideration of both the potential gains of ‘upward slopes’ and 
the potential losses of later ‘downward slopes’. 
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Additionally, ‘hyperbolic expectations’ can fuel and enflame counter-concerns. Brown further 

argues that “risk and opportunity are the flip sides of hyperbolic expectations, inflating one 

another in equal measure” (Brown, 2003, p.4; also see Spinardi & Williams, 2005). Like Peterson 

(2011), Brown develops the concept of an ‘economy of expectations’, referring to how they are 

loaded with value and traded. Further, associated socio-political dynamics may help to explain 

why expectations are often difficult to sustain and require reiterative practices (Peterson, 2011). 

Rayner (2004, p.349) similarly has identified a ‘novelty trap’ pattern in which “ambitious claims for 

revolutionary innovation are often met by sceptical concerns about unintended consequences and 

new risks”. He speculates that related disputes and controversies are an implicit “form of societal 

technology assessment” (Rayner, 2004, p.354), but adds that they can carry additional dangers if 

diverse activities or technologies are consolidated under an umbrella term. Dangers include “the 

possibility that the emergence of a problem with one element in the set can stigmatize the entire 

set” (Rayner, 2004, p.351). Rayner also identified important barriers to more nuanced approaches, 

such as temptations to characterise an emergent field as being ‘revolutionary’. 

 

Another important finding is that expectations and visions in science and technology are not 

historically constant and the presence of these has recently become far more intense (Borup et al, 

2006). These STS scholars argue that key drivers of this shift are the ‘strategic turn’ in science and 

technology (i.e. focussing policies and research on strategically-important, not serendipitous, 

research) and the rise of a knowledge society which necessitates more interdisciplinary R&D 

(Borup et al, 2006). An important paper by van Lente and Rip (1998, p.223) similarly argues that, in 

this new strategic science setting, expectations are now “allowed more scope” and, further, that 

expectations of potential “are what count now, rather than achieved understandings or immediate 

application”. Scholars also point to changes in social context. For example, Anderson (2010) argues 

that “problematisation of the future as indeterminate or uncertain” in liberal democracies has led 

to “an extraordinary proliferation of anticipatory action”. These are other drivers of the increasing 

prominence of hyperbolic expectations and visions in contemporary science and technology, 

discussed in SoE and other STS research, are summarised below in Table 4. 
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Table 4: Drivers of increased prominence of hyperbolic expectations and visions 

Driver Key dimensions and related aspects 

Strategic turn in science 
and technology policy 

 Policies and investment focussed on strategically-important innovations, 
with greater interest in generic platforms (e.g. ‘nanotechnology’) 

 Strategically-oriented scientific and technical communities creating new a 
kind of science in which ‘promises’ are an integral part 

 Entrepreneurial scientists learning to act as ‘promise champions’ 
Intensified competition 
for resources (e.g. for 
research funding) 

 Production of hype when seeking support and funding 

 New strategies developed to secure requisite funding and collaborations 
for more resource-intensive emerging sciences and technologies 

 Scientists and institutions becoming more strategic in their use of media 

Higher perceived 
stakes 

 Scientific/technological advances more often conceived of, or promoted, 
as being ‘breakthroughs’ that have far reaching consequences 

 Increasing attempts to contest scientific and technological advances, and 
their implications, from the very early stages 

Earlier consideration of 
the societal and ethical 
aspects 

 New tendency to conduct ‘speculative ethics’ on futuristic potentials 

 Earlier public engagement activities (e.g. upstream engagement) having 
the effect of giving more credence to speculative outcomes 

More opportunistic use 
of hyperbole 

 Opportunists ‘hyping hype’ to capitalise on momentum 

 Use of hyperbole by actors that benefit directly or indirectly from it (e.g. 
critical activists hyping to gain support for desired interventions) 

Knowledge/policy 
gaps in early stages of 
development 

 Knowledge gaps during the very early stages of any new technology: hope 
and hype fill the associated ‘information vacuum’ 

 More complex emerging technoscience introducing more knowledge gaps 
Communication 
functions and problems 

 Media demanding attention grabbing, and often unqualified, claims 

 Need for new techniques that enable communication across different 
discourses in interdisciplinary science (e.g. use of visions) 

Problematisation of the 
future as a ‘surprise’ 

 Contemporary conditions of indeterminacy and uncertainty demanding 
constant readiness and strategies to insure against ‘bad surprises’ 

Source: Adapted from Allhoff et al. (2010); Anderson (2010); Berube (2005); Borup et al. (2006); 

Brown (2003); Brown & Kraft (2006); Jones (2011a); Losch (2006a, 2006b); Nordmann & Rip 

(2009); Peterson, (2011); van Lente & Rip (1998); and Williams (2006) 

 

Wider questions of what shapes actor expectations are also asked (e.g. Brown & Michael, 2003; 

Konrad, 2006; Konrad et al, 2009; also see discussion of social variability in Borup et al., 2006). 

Some of the partially-understood dynamics are summarised by Konrad et al (2009):  

 

The expectations of each actor are shaped by its own specific experience, but also by the 

expectations expressed by other actors. Actors consider other’s expectations to reduce 

uncertainty and as well, because the expectations and actions of cooperating and 

competing actors influence the future development of innovations and, thus, the 

realization of expectations. As a result of this mutual orientation, collective expectations 

emerge at different levels: within groups, organizations, communities or societies. 

Collective expectations may be actually shared or they constitute a reference point for 
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actors, whether they are shared or not, which actors have to position themselves to. The 

mutual orientation among actors often results in self-reinforcing dynamics, which may 

even evolve quite independently from experience and evidence.16 [Emphasis added] 

 

A range of STS scholars provide additional complementary perspectives. Truffer et al (2008, 

p.1362) argue that “expectations differ among the actors due to diverging knowledge, 

perspectives, values and experiences as a consequence of the role they assume in a specific 

innovation process”. They also contend that actor expectations are shaped by “social discourses 

they are actively or passively taking part in”. This importantly highlights the relationship between 

individual and socially-shared expectations. Vogel (2008) introduces the concept of anticipatory 

frames, which refer to construction of unique frames by actors that shape their analysis and the 

identification of opportunities and threats, comprised of assumptions, organisational practices, 

and information drawn on. More broadly, Brown et al (2000, p.16) have argued that we should be 

mindful that “stories told about technoscientific futures owe much to the time and place of the 

actors who formulate them” and, linked with this, they are often extrapolations of the present. 

Some STS scholars have also questioned the value of increasing efforts to precisely anticipate 

future developments of emerging technologies, and the consequences of these, at very early 

stages (Spinardi & Williams, 2005; Tait, 2009; Vogel, 2008; Williams, 2006). 

 

2.2.2 The socio-political roles and dynamics of techno-scientific promises 

 

The patterns and dynamics of ‘promises’ that are made about new technological options have to-

date received less scholarly attention than expectations (Parandian et al., 2011). SoE scholars note 

that the concept of promises overlaps with expectations but applies specifically to where an 

expectation is used deliberately and normatively by key actors (Borup et al., 2006; Fortun, 2001, 

2005, 2008; Rajan, 2006). For example, Rajan’s (2006) analysis of genomics entrepreneurs 

identified the intentional creation of promissory discourses in which futuristic biotechnology 

visions were articulated and sold.17 Similarly, scientists formulate visions to mobilise resources 

(Parandian et al., 2011). A key distinction can be made between open-ended ‘umbrella’ promises 

(such as the ‘nano’ promise of a ‘third industrial revolution’) – which are discursive and may 

                                                             
16

 Selin (2007) similarly points out that an important indicator of the strength and success of such claims is how widely 
shared a particular expectation is. 
17 An example promise for genomics is a future of ‘individualised’ pharmacogenomic medicine (Fortun, 2005, p.167). 
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provide protection to innovation activities – and specific promises (Parandian et al., 2011). The 

latter are “formulated in terms of a concrete performance that might be realized, or an actual 

demand that might be met” (Parandian et al., 2011). Borup et al (2006, p.291) similarly note that 

broader promises may “protect more specific promises providing a protected space”. 

 

The dynamics of promises in technology development were first theorised by van Lente (1993; 

2000) in the form of a ‘promise-requirement cycle’: an accepted promise is translated into new 

requirements and subsequent cycles of work are performed until the realisation of artefacts. Such 

cycles continue as long as progress legitimates this and funders believe the promises (Geels, 2007). 

More recently it has been argued that dual dynamics exist: concrete promise-requirement cycles 

(as per van Lente’s model), and additional socio-political dynamics around open-ended umbrella 

promises (Parandian et al., 2011 – see Figure 5 below).  “The basic coupling”, they add, “is how the 

signalling of a promising option, say a new nano-structured material, is related to the signalling of 

a new field of opportunity like nanotechnology in general” (Parandian et al, 2011). 

 

Parandian et al (2011) identify four patterns that can emerge: 1) a hype-disappointment cycle 

which leads to a collapse of the promise(s); 2) continuation of an umbrella promise with concrete 

promise-requirement cycles referring to the umbrella promise and any failures attributed to 

project-specific issues or circumstances; 3) use of umbrella promises primarily as a justification in 

science and technology policy, which then form “a relatively stable backdrop for discussions and 

concrete activities”; and 4) creation of ‘waiting games’, linked to the dual dynamics of promises, in 

which little actual technology development occurs because the diffuse, open-ended qualities of 

umbrella promise “leads to reluctance from actors to invest heavily in concrete developments”. 

The fourth pattern is framed as a paradox: actors “refer to the umbrella promise” but “because of 

the nature of the promising character of the new field that little is done to realize the promise” 

(Parandian et al, 2011). Innovation actors remain reluctant to take risks due to uncertainties (such 

as about the supply and performance of the technologies, and/or at the user and demand side), 

which then consequently affects all other players. Overcoming this situation is a difficult collective 

action problem, particularly if promises are seen as uncertain (Parandian et al, 2011). 
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Figure 5: Dual dynamics of promises 

Specific ‘promise-requirement cycles’ refer to ‘umbrella promise(s)’ and the ‘umbrella 

promise(s)’ requires successful real-world realisations in order to remain credible 

 

Source: Parandian et al (2011) 

 

In an early key paper van Lente and Rip (1998) discussed the way promises can act as influential 

“prospective structures” in strategic science and technology. They also outlined the concept of 

rhetorical space to capture “the phenomenon of promises” and emphasise the “occurrence of 

claims intended to mobilize audiences” (van Lente and Rip, 1998, p.222). They contend that the 

related “collusion of scientists and policymakers” has created a new “dialectics of promise”. That 

is, “scientists argue that field X is promising, and thus 'strong', in the sense that investments in it 

will have a good rate of return; but also 'weak', in the sense that without such funding, the field 

will surely wither away” (van Lente and Rip, 1998, p.223). Procedures and repertoires for making 

and handling such claims are required. Three key phases are outlined: 1) a rhetorical phase in 

which actors identify or invent labels used as ‘currency’; 2) a transitional period of network 

building, etc, to form a newly defined ‘world’ (the new “membrane technology world” in the case 
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used to develop this theory); and 3) eventual production of results in line with promises, filling in 

the rhetorical space with science and technologies and making it a social reality. 

 

More recently, STS analysts have identified a currently dominant ‘innovation regime’ of techno-

scientific promises (Felt & Wynne et al., 2007). This regime is characterised by dynamic processes 

in which the supply and demand of promises is developed. Promises are supplied by scientists and 

others in response to demands for these from policy and research funding actors (Felt & Wynne et 

al., 2007; see Jones, 2008, for discussion of the ‘economy of promises’ in nanotechnology). Jones 

(2011a) similarly recently has observed that researchers increasingly must justify funding requests 

by making “extravagant claims”. In this ‘economy’ promises are produced and then “traded for 

attention, research funding, attention from governments and the private sector”, a dynamic he 

argues has “become more and more pronounced” (Jones, 2011, pers. comm., June 7). In outlining 

this regime STS experts convened by the European Commission note that: 

 

Promising new technological options emerge again and again, and they need to be 

nurtured to develop their potential, rather than be subjected to short-term return-on-

investment requirements beloved by venture capitalists (Felt & Wynne et al., 2007). 18 

 

Additional specific features of this regime, and the alternative proposed regime of an ‘economics 

of collective experimentation’, are summarised and contrasted in Table 5 below. 

 

Table 5: Dominant and alternative regimes of innovation 

Regime Features and socio-political dynamics Actor roles Examples 
‘Economics 
of techno-
scientific 
promises’ 

 Identification and pushing of promises 

 The creation of ‘fiction’ to attract resources 
– i.e. this “will solve human problems…” 

 Entrepreneurs try to create the conditions 
for change by raising expectations 

 Drawing on an uncertain future, deriving 
force from this (i.e. claiming to solve future, 
downstream problems), with associated 
cycles of credit and credibility 

 Recognition of the need to consider societal 
embedding and PR at early stages 

 Safeguarding of intellectual property rights 

 Division of labour – 
between enactors/ 
promoters and civil 
society actors 

 No roles for civil 
society “other than 
as a collection of 
prospective 
customers” 

 ‘The public’ seen as 
irrational outsiders 

 Governance of new 
and emerging 
science and 
technology (NESTs) 

 Biotechnologies 
(1980s), ambient 
intelligence, 
genomics, and 
nanotechnologies 
(2000s) 

                                                             
18 Linked with this STS scholars have described new technologies as ‘hopeful monstrosities’ (Mokyr, 1990, p. 291). Schot 
and Geels (2008) elaborate: “they are ‘hopeful’, because product champions believe in a promising future, but 
‘monstrous’ because they perform crudely” and need assistance to bridge the commercialisation ‘valley of death’. 



34 
 

  

Regime Features and socio-political dynamics Actor roles Examples 

‘Economics 
of collective 
experimen-
tation’ 

 New experiments derived from “goals 
constructed around matters of concern” for 
collective action; willingness to engage with 
others in innovation processes due to actor 
concerns about a specific issue 

 Situations emerge or are created which 
allow actors to try and learn from new 
things – i.e. a process of experimentation 

 New forms of interaction between 
scientists and other involved actors 
(traditional forms of authority insufficient) 

 Typically slower: ‘embedded innovation’ is 
more laborious, local context considered  

 New approaches to IP rights 

 Division of labour 
not as sharp – 
more distributed 
innovation (or 
‘embedded’)  

 Participation of a 
wide range of 
actors recognised 
as productive19 

 Involvement of 
patient groups in 
health research 

 User-driven models 

 ‘Distributed 
innovation’ (e.g. in 
participatory 
design) 

 Open-Source 
Software 

Source: adapted from Felt & Wynne et al. (2007; ch.2 pp.21-7) 

 

The present innovation regime is argued to have a number of important common challenges and 

drawbacks. The first drawback is ‘self-induced hype-disappointment cycles’ due to the 

unavoidable failure to fully realise earlier promises (Felt & Wynne et al., 2007). Similarly, Williams 

(2011) contrasts the “revolutionary and transgressive potential of projected uses and implications 

of NESTs” with “the banality of emerging applications” *Emphasis in original+. Rajan (2006, p.126) 

has also argued inevitable gaps between the “infinite promise” of genomics and what “has to be 

necessarily measured as inadequate in relation to such a promise” created the “conditions for its 

own failure of realization, and the consequences of that”. In particular, in these gaps “events and 

politics – speed and tactics” were found to “take over” (Rajan, 2006, p.126). A second potential 

drawback, “when government agencies and political representatives become the advocates of the 

promises”, is that “a mix-up of roles and accountabilities may result” (Felt & Wynne et al., 2007, 

p.25). The roles of policy makers are argued to be unavoidably ambivalent as they must both 

promote “the specific interests around the technoscientific promises” and protect the public 

interest (Felt & Wynne et al., 2007, p.25). Such roles can contribute to third drawback if concerns 

are raised: “space for public deliberation quickly becomes reduced to polarised interactions for or 

against the technoscientific promise” (Felt & Wynne et al., 2007, p.25). It is further argued that if 

this regime becomes hegemonic the socio-political dynamics work to undermine the regime’s 

value: the regime will then function “as a political order” that features “a tyranny of urgency and 

naturalisation of technological progress” (Felt & Wynne et al., 2007, p.26). 

                                                             
19 NB. This should not be ‘reduced’ to use of “upstream public engagement” (Felt & Wynne, 2007, p.27)  
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2.2.3 Wider socio-political dimensions and issues in NESTs 

 

This section of the review outlines additional socio-political dimensions to the shaping of NESTs 

and related societal disputes. Many STS scholars and philosophers of science have argued that a 

new politics of knowledge and innovation has emerged, building on and extending the earlier 

politicisation of science and technology caused by such controversies as nuclear power, DDT, 

thalidomide, asbestos and “mad cow” disease (e.g. Beck, 1992, 1998; Falk, 1982; Lash et al., 1996; 

Latour, 1998). For example, Kearnes et al (2006, p.302) draw on their analysis of the genetically 

modified (GM) foods controversy and Jasanoff’s (2005) earlier analysis of additional biotechnology 

and life sciences controversies to argue that “we have entered a ‘new politics of knowledge’ in 

which tacit sociocultural visions of progress will become the subject of increased public concern 

and scrutiny”. These scholars also argue that science is being forced to abandon its earlier isolation 

from the community (e.g. Wilsdon & Willis, 2004) and that scientific practice and programs are 

becoming an important focus of political struggles (e.g. Ravetz, 2000, 2004). 

 

The report Taking European Knowledge Society Seriously (Felt & Wynne et al., 2007) cited earlier 

contexualises these technology-society relationship tensions, identifying additional innovation 

regime issues. The STS experts argue that public concerns about potential risks and benefits are, 

more fundamentally about innovation processes and the purposes and interests behind these (i.e. 

that these concerns are really about ‘innovation governance’). Their analysis of related legitimacy 

issues centrally points to “public hesitation over the directions or contexts for innovation” and 

related normative dimensions (Felt & Wynne et al., 2007, p.10). Innovation imperatives also create 

inevitable frictions regarding democratic governance (Felt & Wynne et al., 2007, p.12), echoing 

Jasanoff’s (2003) earlier overall framing of “how to democratize technological societies?” These 

scholars contend that a shift from risk governance to innovation governance is required: 

 

Public concerns tend to focus not only on the narrow prediction of probabilities, but also 

on neglected or unknown (thus unpredicted) effects on society, and the institutional 

incapacity to deal with such effects. Indeed, the tendency to collapse these normative 

dimensions into technical assessments of ‘risk perception’, and to dismiss public concerns 

as irrational, is itself a major source of concern. Only when these problems are recognised 

does it become possible to address more effectively the sources of public concerns, namely 

inadequacies in the governance of innovation itself [Emphasis added] (Felt & Wynne et al., 

2007, p.11). 
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Additional issues are raised regarding the functioning of the promises regime.  It is seen to re-

introduce the ‘linear’ model (e.g. expected linear progression from “‘science’ to ‘technology’ to 

‘social progress’”) and produce a problematic “division of labour between technology promoters 

and enactors, and civil society” (Felt & Wynne et al., 2007, p.11). The regime is also argued to have 

a related strong ‘techno-push’ element (Felt & Wynne et al., 2007, p.11). The remainder of this 

section outlines sources of emerging controversy in NESTs, followed by an outline of emerging 

trends which further indicate new pressures on the present innovation regime. 

 

STS analysis of recent controversies and emerging sources of tension in NESTs 

STS analysis of recent controversies indicates that anticipatory (or ‘forward-looking’) and cultural 

sources of tension are important in NESTs. The analysis by Kearnes et al (2006) of the GM foods 

case argues that the black-boxing of underlying ‘sociotechnical imaginaries’ contributed to the 

development of critical responses. Macnaughten et al (2005) define imaginaries as the “implicit 

assumptions, values and visions driving scientific development”. Such imaginaries – like promises – 

can be influential in policy-making contexts, for example in justifying major investments or during 

regulation of technologies (Jasanoff & Kim, 2009).20 Horst’s (2007) analysis of gene therapy 

controversies identified conflicting “sets of expectations” towards the science, which worked to 

construct different desired objectives for the governance of science and notions of scientific 

citizenship and contributed to ongoing controversy – despite extensive use of public deliberation 

methods. Spinardi and Williams (2005) identified ‘hyperbolic extrapolation’. They contend that 

expectations are often underpinned by “linear sense of the unfolding trajectories of technology 

development and of their social, economic and environmental implications” (Spinardi & Williams 

(2005). Kitzingera and William (2005) also note that controversy about medical biotechnologies 

such as stem cell science centre on “speculations about risks and benefits”. 

 

Williams’ (2006, p.328) identified related attempts in contemporary discourses about emerging 

technologies “to look further into the future and map the technical and social outcomes in greater 

                                                             
20 In this context, Jasanoff and Kim (2009) outline the concept of national sociotechnical imaginaries, which they define 
as “collectively imagined forms of social life and social order reflected in the design and fulfillment of nation-specific 
scientific and/or technological projects” that are “almost always imbued with implicit understandings of what is good or 
desirable in the social world writ large”. For a broader discussion of sociotechnical imaginaries in science and technology 
also see Fujimura (2003), Kearnes et al. (2006), Macnaughten et al. (2005), and Marcus (1995). 
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detail than previously” (e.g. in Ethical, Legal and Social Implications analysis). The growth of these 

anticipatory and predictive practices, and related unresolvable problems of foresight, appears to 

also be an important part of the emerging politics. William (2006, p.332) has argued that such 

attempts to look further into the future are often problematic, making “futures appear as largely 

determinate and imminent; as if the future is already assured, already here”. These ambitions are 

a stark contrast to the complex contingencies and simultaneous, alternative potential trajectories 

that tend to be revealed by historical case studies (also see Tait, 2009). 

 

Analysis of failed attempts to use deliberative processes to resolve the recent GM foods 

controversy points to additional important cultural factors such as conflicting worldviews and 

related structural issues (Dryzek et al., 2009). In particular, actors with a “Promethean outlook” – 

that is, actors who have “faith in the capacity of humans to manipulate complex systems for their 

own advantage” and believe “technological innovation should be welcomed, especially when 

instrumental to economic growth” – tend to conflict with others who have a more “precautionary” 

worldview (Dryzek et al., 2009). The ‘Promethean’ outlook is common in governing elites but is 

often problematically at odds with the publics they engage which tend to have a ‘precautionary’ 

outlook (Dryzek et al., 2009; see also Dryzek, 2005). Such conflicts are argued to be structural: 

“governments are constrained by their position in the transnational political economy” and the 

“mini-publics [which are established during deliberative exercises] for their part have a mandate 

to worry” (Dryzek et al., 2009). These socio-political dynamics also call into question current 

attempts to legitimise technological innovation through public participation. Table 6 summarises 

such perspectives on controversy in NESTs from the reviewed literature. 

 

Table 6: Sources of controversy in new and emerging science and technology (NESTs) 

Source/driver Dimensions and related issues 

Expectations and 
technoscientific 
imaginaries 

 Divergent speculation about future risks and benefits which is often highly 
speculative (e.g. hyperbolic extrapolation seen in the stem cell debate) 

 Linear perception of technological trajectories and their associated implications 

 Tacit sociocultural visions of progress (imaginaries) becoming a subject of concern 

 Conflicting representations of future solutions (e.g. via a new gene therapy) and 
constructions of problems in the present (e.g. the problem of cancer) 

Irreducible 
uncertainties and 
related unknowns  

 Inherent unknowns and uncertainties; intractable ‘problems of prediction’ 

 Impossibility of fully predicting the consequences of a particular path of innovation, 
complicating technology assessment and deliberation 

 Potential for unexpected direct negative effects and other side effects to emerge 
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Source/driver Dimensions and related issues 

Underlying cultural 
and structural 
issues 

 Worldview conflicts informing diverging perspectives on technological innovation 

 Dynamics of controversies drawing on available cultural and structural patterns 
built-up over time from societal encounters novel technologies (e.g. repertoires of 
promise and risk, labelling of novelty, and positioning strategies) 

 Entrenched sets of narratives, often centred on risk and ‘salvation’, shaping initial 
judgments (e.g. projected, often unreflexively, onto new technologies) 

 Sociol-cultural factors influencing societal responses to early promises and warnings 
Failures of 
governance (real or 
perceived ) 

 Tacit visions and related imaginings, underlying innovation commitments, and/or 
research agendas not sufficiently open to scrutiny and public debate 

 Narrow governance focus on scientific risk assessment that ignores social aspects 

 Limitations of deliberative techniques for resolving controversies not recognised 

 Different views on the proper purpose of public participation in science governance 

Source: adapted from sources in above paragraphs, and Geels et al. (2007), Geels & Verhees 

(2011), Rip & Talma (1998); and Smits (2006) 

 

New governance ‘turn’ and related imperatives 

The recent growth in deliberative and engagement practices has been termed the ‘governance 

turn’ (Bucchi & Neresini, 2008). Jasanoff (2003) earlier observed the spreading “crisis of 

confidence” about “the management of science and technology” and the resulting “interest on the 

part of scientists, governments, and many others in creating greater accountability in the 

production and use of scientific knowledge” *Emphasis in original+. Such accountability requires 

supplementing traditional foci in the evaluation of research and technologies, and identifying how 

to best “promote more meaningful interaction among policy-makers, scientific experts, corporate 

producers, and the public” (Jasanoff, 2003, p.238). Over the past decade various innovations have 

emerged; notably, ‘upstream’ public engagement (Macnaghten et al, 2005; Rogers-Hayden & 

Pidgeon, 2007; Wilsdon & Willis, 2004), which involves publics much earlier in the technology 

development process and in setting agendas, and ‘anticipatory governance’ in the USA (Barben et 

al, 2007; Guston, 2007, 2008a, 2008b; Karinen & Guston, 2010) which builds on new methods and 

approaches for technology assessment (Guston & Sarewitz, 2002) 

 

A critical literature has developed examining these trends, especially regarding the uses of public 

engagement. ‘Upstream’ engagement is criticised for the ambiguity regarding its purposes and its 

misuse by policy-makers (e.g. Macnaghten et al., 2005; Rogers-Hayden & Pidgeon, 2007, 2008; 

Stilgoe, 2007; Wynne, 2006). Many scholars argue that these new practices remain based on 

‘deficit models’ or reinforce dominant linear perspectives (e.g. Burall, 2011; Groves, 2011; Pidgeon 

& Rogers-Hayden, 2007; Rogers-Hayden & Pidgeon, 2007; Thorpe & Gregory, 2010), or question 
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the claimed influence on the course of technology development (e.g. Grunwald & Hocke, 2010; 

Lyons & Whelan, 2009). Thorpe and Gregory (2010) outline an important political economy of 

engagement, arguing that such practices centrally aim to smooth innovation processes and, in 

effect, “enrol participants into the formulation of those promissory futures and into the 

integration of these futures with existing social values and aspirations”. Similarly, Fuller (2009) has 

argued that such early engagement can be coercive. These practices are argued to aim to ‘prime’ 

the future by acclimatising publics to emerging changes driven by new technologies. 

 

Sustainability and ‘sustainable innovation’  

It is increasingly recognised that more prospective and holistic consideration of environmental, 

social, and economic consequences of technological choices is needed (e.g. Davison, 2001; 

Hammond, 2004; Healy, 1995; Helland & Kastenholz, 2008; Jamison, 2001; Jamison & Rohracher, 

2001; Kyriakou, 2002; Miller, Sarewitz, & Light, 2008; Sotoudeh, 2005; Stirling, 1999, 2006; 

Vollebergh & Kemfert, 2005; White, 2002). STS scholars have argued that this aspect of the new 

politics further highlights underlying technology governance arrangement issues (Miller et al., 

2008; Stirling, 2006, 2007). More recently, Kaiser et al (2010, p.xxii) contended that the emerging 

technology assessment regime that has developed around nanotechnology “frames technology in 

society by enforcing knowledge production guided by the [new] idea of sustainable innovation”. 

They argue that this has implications for the relationship between science and society and 

introduces a new overarching imperative: “innovations are welcome if they are evaluated not only 

for technical and scientific soundness and feasibility but also for safety, justice, and sustainability, 

as well as issues such as consumer desirability” (Kaiser et al, 2010, p.xii). 

 

However, emerging literature on such assessment has highlighted that links between science, 

technology and sustainability are contested and complex. For example, Wickson et al. (2010, p.17) 

observe that it is possible to adopt the position that "rapidly advancing technologies are in fact 

part of the problem” and therefore “what is required to address environmental problems may not 

only be a deliberate slowing down in technological advance and uptake, but also a fundamental 

shift in how we view our relationship with nature, how we define progress, and how we conceive 

of and pursue happiness and quality of life”.21 In contrast, nanoscientists tend to argue that 

                                                             
21 For a counter-argument, advocating accelerating technological advance, see Shellenberger and Nordhaus’s (2011) 
critique in which they propose alternatives to the “ecotheology” they argue is preached by “ecological elites”. 
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sustainability challenges centrally demand greater use of advanced technoscience (e.g. Jones, 

2007; Maynard, 2009). Related societal dilemmas are framed by Miller et al (2008) and Schot 

(2001), which Schot sums up as follows: “technology poses a perplexing dilemma in the 

sustainable development debate: it seems to promise both limitless potential for benefit and it has 

already demonstrated almost limitless ability to produce harm.” 

 

Related literature also highlights crucial cultural dimensions to sustainability assessment. That is, 

substantially different meanings are often given to the concept of ‘sustainability’. These meanings 

are related to competing environmental discourses such as of ‘ecological modernization’, ‘green 

radicalism’ and ‘sustainable development’ (Dryzek, 2005; Hard & Jamison, 2005). Dryzek (2005) 

defines such discourses as a “shared way of apprehending the world” which centrally vary 

according to positions taken vis-à-vis industrialism (also see Appendix 3).  Related worldview 

conflicts can limit the effectiveness of deliberative processes (Dryzek et al, 2009). Such discourses 

connote different perspectives on issues of technology, the natural environment and political 

economy. Adherents to different discourses also pursue competing visions. 

 

2.2.4 The shaping of the evolving trajectory of ‘nanotechnology’ 

 

Nanotechnology is often mentioned or cited in relation to these socio-political dynamics, 

dimensions and related big-picture trends. Nanotechnology is cited as the being governed and 

shaped by the present innovation regime of techno-scientific promises (Felt & Wynne et al., 2007). 

The introductory chapter also noted the centrality of promises to nanotechnology. Similarly, in 

relation to wider socio-political dimensions, Rafols et al (2011) observe that “the development of 

nanotechnologies and nano-enabled products has been accompanied by considerable attention to 

their potential health, environmental, and social implications”. 

 

Few studies of nanotechnology and its developmental trajectories have analysed the role and 

dynamics of promises. Two notable, but contrasting, exceptions are Parandian et al. (2011) and 

Nordmann and Schwartz (2010).  Parandian et al (2011) observed the ‘waiting game’ pattern, 

linked to promise dynamics. This has had the effect of limiting development activities in related 

innovation domains (e.g. in nanotechnology-enabled targeted drug delivery, organic large area 

electronics). Nordmann and Schwartz (2010) seek to understand nanotechnology’s rapid rise to 
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prominence. They point out that “what the ‘enabling and emerging technologies’ have in common 

is the broadness and vagueness of their promise” which, they argue, “excludes polarised 

interactions ‘for or against’ but – beyond ‘interests’ – unites those who have no choice but to be 

‘for’” these technologies [Emphasis added] (Nordmann & Schwartz, 2010, p.260; see footnote 

no.5). They argue such umbrella promises gives nanotechnology its power: 

 

The very definition of ‘nanotechnology’ leaves its future development so radically 

undetermined that it supports linkages to innovation imperatives, globalisation, growth 

curves, miniaturization trends, the rhetoric of sustainability or metaphysical programs... 

The power of nanotechnology there does not reside in what it can or will do, but in this 

very indeterminacy and emptiness. [Emphasis added] 

 

In contrast, the role of expectations is a central theme in much STS research on the trajectory of 

nanotechnology and related societal disputes and challenges. Various scholars have identified 

their roles, and the related mobilisation of ‘hopes’, in establishing nanotechnology programs, such 

as in creating legitimacy and mobilising resources (e.g. Anderson, 2007; Peterson, 2011; Selin, 

2006, 2007).22 Linked with this Williams’ (2006, p.330) observed that related research programs 

and visions, such as in atomic-level manipulation, had “been around for a long time without 

achieving major breakthroughs” but suddenly became “the focus of excitement”. Selin’s (2007, 

p.210) analysis further identified competing expectations, vying for ascendancy: “negotiation 

occurred with different actors applying the term as it suited their needs, and the meaning of 

nanotechnology in terms of its potential became the subject of worldwide debate” [emphasis 

added].  In particular, battles between ‘visionaries’ (i.e. Drexler and other adherents to the more 

radical ‘molecular manufacturing’ vision) and scientific communities are highlighted. Their public 

rejection of Drexler’s radical vision consequently meant that “the meaning of nanotechnology has 

been transformed and fractured” (Selin, 2007, p.206). Selin (2007, p.207) further notes that: 

 

The prominence of the promises have become downplayed, however, and the focus 

shifted to more immediate, achievable goals. A more conservative meaning, one that is 

bound either to commercial developments with a shorter term horizon or to a more 

stringent disciplinary perspective, has usurped the nanotechnology envisioned by Drexler. 

 

                                                             
22 Peterson’s (2011) analysis uniquely applies a ‘politico-economic dynamics’ framework, arguing the high ‘hopes’ of 
policy-makers needs to be understood in the context of an economic growth framework that seeks technological fixes to 
problems. He also focusses on the role of vested interests in the promotion of particular visions. 
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Less analysis has been done of nanotechnology’s evolving ‘expectations trajectory’. Selin (2007) 

argues that nanotechnology “has been actively drawn toward the present to begin to deliver on 

the fantastic expectations” (p.196) and further speculated that “there is even the possibility that 

the term nanotechnology will break down as a useful descriptor as burgeoning fields develop their 

own distinctive discursive, institutional, and social framings” (p.215). Other STS scholars observe 

that nanotechnology has lost its futuristic character (Grunwald & Hocke, 2010). They argue that 

due to more prominent risk debates nanotechnology “has come to be viewed in the same way as 

new chemicals and fine and ultra fine particles” and the earlier “entirely positive perception” of 

nanotechnology was consequently “destroyed” (Grunwald & Hocke, 2010, p.167). 

 

Expectation dynamics are also referred to by researchers seeking to understand related societal 

disputes and debates (e.g. Grunwald & Hocke, 2010; Rayner, 2004; Spinardi & Williams, 2005; 

Wood et al., 2008). In essence, as Grunwald and Hocke (2010, p.158) assert, these scholars have 

observed that “the [initial] hype of nanotechnology has been followed by a [second] hype of 

reflection on the social implications and impacts of nanotechnology”. The hyperbolic extrapolation 

involved, e.g. in debates about the potential risks of radical new materials and the prospects of 

tiny nanoscale machines, is also questioned (Spinardi & Williams, 2005), which Wood et al (2008, 

p.13) relates to the implicit, but often held, assumption that nanotechnology represents a radical 

discontinuity. They further argue that the focus of early debates on such a discontinuity set the 

parameters for current discussions and polarised debates (Wood et al, 2008). 

 

Wider socio-political dimensions, issues and trends also appear to be important shaping factors in 

the unfolding trajectories of nanotechnology. The editors of a recent book Governing Future 

Technologies argue “unlike any field before, nanotechnology has been the object of 

unprecedented ‘assessment hype’” (Kaiser et al., 2010, p.xi), seeking to both assess and influence 

technological development at an earlier stage, as per the new ‘assessment regime’. Broader 

governance agendas have been proposed and adopted in many contexts following experiences 

with agricultural GM technologies (Rafols et al, 2011) such as ‘upstream’ engagement and 

‘responsible development’. Regulatory scholars have argued debates about health, safety and 

environmental (HSE) impacts have now become integral to making nanotechnologies (e.g. Hodge 
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et al., 2010a; Maynard 2010).23 Similarly Barben et al.’s (2007, p.980) review of government 

nanotechnology policies similarly found that they generally “do not presume the automatic 

provisions of social goods from NSE *nanoscale science and engineering+ research”. 

 

Such developments are not without controversy. The actual influence on the course of technology 

development is disputed. Grunwald and Hocke (2010, p.160), for example, argue that the increase 

in ethical deliberation has primarily “contributed to nanotechnology as a public phenomena”, 

rather than shaping development. Additionally, physicist Simon Brown (2009) argues that a ‘new 

deficit model’ has emerged through nanotechnology focussed on the ‘information deficit’ of 

scientists in relation to HSE impacts. Brown contends that “we are unlikely to ever have detailed 

toxicology and environmental impact data for each of the (estimated) 50,000 kinds of carbon 

nanotube, let alone all the other types of nanomaterial”, which he argues necessitates accepting 

uncertainties and thus also considering values, ethics, and tacit knowledges (Brown, 2009; also see 

Jasanoff, 2003, 2007).24 HSE information gaps are a source of tension echoing Brown’s (2005, 

p.333) earlier observation that uncertainties are “parasitical” in NESTs. 

  

Similarly, Wickson et al (2010, p.7) point to tensions caused by pervasive uncertainties. They argue 

that, due to this uncertainty, “stakeholders have little choice but to think about nanotechnology 

within the frameworks and worldviews already available to them” and that, consequently, 

“discussions typically employ well recognised narratives or stories about the relationship between 

technology and society” (Wickson et al, 2010, p.7). They also point to how values can complicate 

environmental governance, echoing earlier discussion about environmental discourses: 

 

While everyone may agree that scientists, policy makers and citizens should work to 

ensure that nanotechnology does not harm ‘nature’ or ‘the environment’, there are very 

different ideas about what these concepts mean, what constitutes harm, and the reasons 

why we might wish to avoid it. [Emphasis added] 

 

Jones (2007a; 2007b; 2007c) similarly argues that ideological differences are an important “cause 

of contention” in nanotechnology. Related conflicting narratives of ‘nanotechnology threatening 

                                                             
23 Linked with this nanotechnology led to calls to “get it right” the first time (e.g. Balbus et al., 2006; Walsh et al, 2008) 
and the view that it represents an opportunity to do technology development differently (e.g. Bowman & Hodge, 2007). 
24 Similarly, Guston and Sarewitz (2000, p.98) earlier argued that technology assessment has inherent, related limitations 
(see also Collingridge, 1980; Giddens, 1998; Tait, 2009; Williams, 2006 for discussion of related issues). 
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nature’ and ‘nanotechnology treating nature’ that are told by different actors in nanotechnology 

discourse are ‘unpacked’ by Wickson et al (2010) and summarised in Table 7 below: 

 

Table 7: Contrasting narratives expressed about ‘nanotechnology and nature’ 

Elements “Nanotechnology threatening nature” “Nanotechnology treating nature” 

Core narrative  Nanotechnology could damage human and 
environmental health. 

 Products are increasingly commercially 
available despite knowledge and research 
gaps that will likely take decades to fill. 

 Nanotechnology provides significant 
new solutions to many of the world’s 
environmental challenges 

 The new technologies will become more 
affordable as production increases 

Ideological 
aspects (e.g. 
assumptions 
and beliefs) 

 Adopting position that nature can be 
harmed and is separate from humanity 

 Implies concepts of a good/ideal/correct 
way for nature to be that is threatened – 
informs views on ‘negative impacts’ 

 Assumes that environmental problems 
can be solved with technological fixes 

 Assumes we are currently removed 
from the ‘ideal state’ (of nature) 

 Implies ideals of what we value in ‘the 
environment’ and constitutes a benefit 

Supporting 
facts  

 Properties making nanomaterials attractive 
may also give rise to adverse impacts. 

 Although research on the environmental 
impacts grows it is miniscule in comparison 
to developments in new technologies. 

 Sheer diversity of applications involved 
(degree of inherent complexity) and lack of 
appropriate risk management methods. 

 Nanotoxicology findings about some 
nanomaterials (e.g. carbon nanotubes). 

 Nanotechnologies could ‘treat’ nature 
directly e.g. through new environmental 
remediation technologies (e.g. use of 
nanoparticles), water filtration, etc. 

 Nanotechnologies could ‘treat’ nature 
indirectly, e.g. by reducing pollution, by 
helping to sustainably meet future 
energy demands (e.g. improved solar 
cells), new efficiencies (e.g. lightweight 
materials), sensors track contamination. 

Fields of R&D 
supported 

 Research in nano eco/toxicology. 

 Standards/methods for the measurement, 
characterisation and testing (ISO, OECD) 

 Development of commercially viable 
applications of technologies currently in 
the early research stage. 

Source: adapted from Wickson et al. (2010) 

 

The shaping of ‘nanotechnology’ in Australia 

The trajectory of ‘nanotechnology’ in Australia has not been the subject of scholarly analysis. 

Related dimensions such as the use of public engagement, integration of societal aspects into 

research and development, and regulation have been reviewed (e.g. Faunce, 2010b; Faunce et al, 

2008; Fletcher, 2008; Katz et al, 2009; Lyons & Whelan, 2009; Peterson, 2011) and similar tensions 

reported (e.g. Dayton, 2010; Friends of the Earth Australia, 2010; Taylor, 2010). 
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2.3 Discussion 

 

The importance of expectations and promises about new technological options to the shaping of 

NESTs is by now well established in the literature. A more nuanced understanding of potential 

enabling and constraining effects of these is also emerging – such as the legitimising enabling 

effects of early ‘hopes’ and mobilising effects of ‘hypes’, and the potentially constraining effects of 

‘disappointment cycles’ and other patterns such as ‘waiting games’ and ‘novelty traps’. In the case 

of nanotechnology the focus of most analysis has been on early enabling effects. Konrad (2010) is 

an exception, recently describing nanotechnology as being overwhelmed by expectations and 

using it as an example of governance by risk expectations. Some STS scholars have also shown that 

nanotechnology promises can be ‘double-edged swords’ which generate enthusiasm and concern 

in publics (e.g. Davies et al., 2009; Macnaghten, 2010). We can also speculate that gaps between 

promises and emerging realities have the potential to emerge, such as in response to the “the 

other nanotech” of nanotechnology-enabled consumer products (Editorial, 2009). 

 

The previous section also stressed that broader, interconnected, socio-political dimensions and 

issues are also important shaping factors. The dominant promises regime encourages hyperbolic 

discourses and related socio-political dynamics. The lead role of environmental non-government 

organisation in nanotechnology debates and the rise of contestation around sustainability 

problems indicate the need to consider HSE aspects and related, under-addressed cultural and 

normative dimensions in disputes. The environmental discourses which actors participate in may 

also be influential in shaping expectations. More focus on HSE risks and uncertainties may 

contribute to ‘waiting games’, and cultural conflicts which may disrupt or complicate governance 

efforts. These dimensions have not yet been incorporated into most existing (or even any) of the 

existing studies of the social shaping of nanotechnology and its trajectories.  
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3. Empirical research: Ups and downs in ‘nanotechnology’ in the 

Australian social context 

 

3.1 Introduction 

 

This chapter describes the empirical research carried out for this thesis in relation to 

nanotechnology in Australia. As outlined in the first chapter (see Section 1.3), significant changes 

and disputes have developed around nanotechnology. Consistent with the discussion in the 

previous chapter the empirical research in this thesis was focussed on the dynamics of 

expectations and promises, and their consequences, within the context of the dominant 

‘innovation regime’ of techno-scientific promises. 

 

3.2 Methodology: approach and data collection 

 

This research was conducted using a modified ‘grounded theory’ approach (Glaser, 1998). The 

research approach began with preliminary questions related to overall aims (centrally to better 

understand the perspectives held by important involved actors in the Australian context [i.e. 

political, civil society, industrial/business, and scientific actors], and the related evolving, 

underlying socio-political dynamics). However, the methodology was also designed to allow 

significant new issues and directions to emerge, be identified, and consequently be explored. As 

Dick (2005) outlines, grounded theory is “explicitly emergent” and the researcher should 

consequently aim to be responsive to the research situation, seeking theory that accounts for the 

situation that is encountered. The research methodology and theories develop “as data and 

interpretations accumulate” and relevant literature is also treated as data (Dick, 2005). 

 

In-line with typical grounded theory research, in-depth interviews were used as the principal data 

collection method. Following approval of the methodology being obtained from the University of 

Melbourne Human Research Ethics Committee, thirty semi-structured, anonymous interviews 
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were conducted between January and May 2011. The interviewees were selected from lead actors 

in the development and shaping of nanotechnology in Australia.25 Although the sample is small 

(see overview in Table 8 below) it represents a significant segment of the community of such ‘lead 

actors’.26 In this work the approach was modified so that, unlike in classic grounded theory, a 

preliminary literature review was conducted before data collection was initiated. This limited 

flexibility but increased focus in the development of the theoretical perspectives, and thus also 

helped focus the interviews themselves. The review also informed identification of a community of 

lead actors which could be the focus of this research and construction of an initial interview guide 

(see Appendix 4). The initial set of questions focused on eliciting information on interviewee 

understandings of ‘nanotechnology’, their expectations (explicit and implicit) and the associated 

shaping dynamics, and related social-political issues in – and dimensions to – nanotechnology 

development. Questions regarding nanotechnology and environmental concerns and effects were 

included to reflect the rising prominence of these issues. A modified interview guide was needed 

in some cases (e.g. for some public sector interviews) and this guide also evolved over-time as 

important new themes emerged, in line with a grounded theory approach. 

 

Table 8: Interviewees by category 

Category/sector Total 
conducted  

Interview #s 

Civil society/activist 7 Interviews 3,5,9,15,16,18,28 

Government – State, Federal, Ministerial Advisor 6 Interviews 2,11,12,13,14,25 

University-based scientist 8 Interviews 7,8,17,23,24,26,27,29 

Research commercialisation (e.g. industry development, 
industrial scientist, ‘small technologies’ development) 

4 Interviews 4,6,20,30 

Other involved academic (e.g. ethics, regulatory studies, 
Science and Technology Studies [STS]) 

5 Interviews 1,10,19,21,22 

TOTAL 30  

                                                             
25 The term ‘upstream actor’ used by Parandian et al (2011) is similar to ‘lead actor’ referred to here. They use the term 
to refer to highly-involved actors in the early stages (e.g. policymakers, key senior scientists, engaged activists). 
26

 I estimate that the sample of 30 interviewees represents between a third and a quarter of current ‘lead actors’ in the 
Australian social context.  I estimate that there is around 10-20 government staff in Australia who are primarily focussed 
on nanotechnology (inclusive of Federal and State government; relevant staff numbers in various regulatory bodies 
involved in nanotechnology, e.g. NICNAS, are far harder to estimate). Different estimates exist for the number of 
nanotechnology businesses in Australia – one recent credible estimate is 55-60 (Australian Academy of Science, 2009) – 
which tend to be small businesses with a small senior management teams. Whilst there are a large number of academic 
‘nanotechnology’ researchers in Australia – recently estimated to be about 2500 (Australian Government, 2011b) – only 
approximately 20 can be considered ‘lead’ actors, such as those who are aiming to personally (strategically) influence 
nanotechnology policy, debate and development by taking on leadership roles (e.g. in research networks, associations, 
or on government advisory committees). Finally, a small segment of civil society organisations in Australia are presently 
highly engaged in the nanotechnology discourses – between 10-20 actors. Therefore, a rough estimate of the number of 
important ‘lead’ actors in the Australian context is between 95 and 110. 
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The above sample was developed through a two-step process. An initial set of lead actors was 

identified through literature review. Second, each interviewee was asked to nominate others 

suitable for this research (thus utilising ‘snowball’ sampling). This process identified a relevant 

sample which was sufficient to provide good coverage across each category. 

 

Data collection and analysis process 

Data collection and analysis proceeded through a number of stages and activities. The central 

activity was 30 in-depth, anonymous 1 hour interviews, where possible conducted face-to-face.  

(In some cases phone interviews were necessary and interviewees had less time available.) Each 

interview was fully transcribed and then reviewed by each interviewee, with follow-up questions 

asked on occasion to clarify points of interpretation. First, an initial set of interviews with one 

quarter of interviewees was conducted using the original interview guide. This served to both test 

the interview guide and inform ‘coding’ (Dick, 2005) of additional emerging themes. In particular, 

themes of promise assessment, and lead actors increasingly ‘moving on’ from ‘nanotechnology’ 

emerged. These themes were then subsequently more explicitly examined both in the interviews 

and literature searches. The interviews also stimulated additional data collection, through review 

of mass media in Australia and tracking developments (e.g. for changes to commercialisation 

activity). Analysis and data collection, thus, continually informed one another. 

 

The interview transcripts were analysed following interviewee approval. In addition to basic 

thematic analysis, the transcripts and additional data gathered were reviewed through the lens of 

expectation and promise dynamics and for related identified shaping factors.  

 

3.3 Data and analysis 

 

3.3.1 Technological hype and its consequences 

 

Hyperbolic expectations about nanotechnology emerged during the early-mid 2000s (also see 

Appendix 5) that framed nanotechnology as a ‘revolutionary’ and ‘disruptive’ development (also 
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see Appendix 6). In addition to policymakers and scientists, others lead actors such as regulatory 

experts and activists contributed to widely shared views heralding a new, emerging ‘age of 

nanotechnology’. Interviewees often commented on this period, typically critically. An interviewee 

from research commercialisation contexts captured this period with the following remark: “I’d 

never seen anything like it... it was like a gold rush at the research level” (Interview 30). 

 

This hype mobilised government actors and resources for research infrastructure, and led to new 

bodies such as Nanotechnology Victoria being established with Victorian Government and 

research sector support.27 Significantly, interviews with lead actors revealed that the hype 

mobilised diverse actors, ranging from opponents to proponents, e.g.: 

 

I first became aware of nanotechnology in 2001... [but] I didn’t track the area closely, it 

seemed like it was a very futuristic and speculative new area of work. Then in 2004 a 

colleague did an international study tour and was talking with folk about emerging 

technologies – and of course that was a big year for nano with the Swiss Re and Royal 

Society reports and the growing debate that largely the ETC Group was taking part in – 

and came back saying we need to do something about nano. I looked into what had 

happened and was quite surprised at how quickly things had developed. [Emphasis added] 

(Interview 5 – civil society) 

 

It was very over-hyped, but you couldn’t ignore it. What it was doing was bringing in new 

techniques and new ways of doing things which, as a manufacturing State, you can’t 

ignore. How it might interface with the biomedical sector, in particular, was of great 

interest. [Emphasis added] (Interview 25 – public sector) 

 

The mobilisation of actors, like the activist quoted above, indicates that a ‘novelty trap’ (Rayner, 

2004) was ‘baited’ during this period. The following remarks are also instructive: 

 

In part my engagement with nanotechnology has been a function of that someone else 

came along and said ‘look my god there’s nanotechnology!’ and I thought I’ll pay some 

attention to that. And then they say that ‘there is no such thing as nanotechnology’ as 

though we are all supposed to go home and stop worrying about it... So in part my 

                                                             
27 Major new investments were made during and following this hype. For example, in 2007 the Australian National 
Fabrication Facility (ANFF) was established which “enables users to process hard materials (metals, composites and 
ceramics) and soft materials (polymers and polymer-biological moieties) and transform these into structures that have 
application in sensors, medical devices, nanophotonics and nanoelectronics” (http://anff.org.au/). It has eight university-
based nodes in each State. Most recently it was announced that a new Melbourne Centre for NanoFabrication (MCN) 
will be constructed to operate the largest purpose-built cleanroom complex in the Southern Hemisphere. 

http://anff.org.au/
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engagement with nanotechnology has been a case of ‘you bastards said there is such a 

thing as nanotechnology that is going to change my life so I’m going to pay attention’. 

(Interview 1 – ethicist) 

 

This thing suddenly appears, it is high interest, it is said to be disruptive. Proponents say, 

this is exciting, this is disruptive, it’s going to change the world!  The public response is 

‘What?  Change the world?!’ And then other groups come out and say this is dangerous 

stuff and, you know, it just might cross your blood-brain barrier and do something terrible 

to you and they go ‘no, wait a minute...’.  (Interview 25 – public sector) 

 

This senior public sector interviewee (#25) also mentioned that this situation created the potential 

for a moratorium on nanotechnology development to be introduced. Writing in Australian Anthill, 

a business and entrepreneurship magazine, Ryan (2005) enthusiastically discussed the potential of 

nanotechnology but also – as per this context – asserted that “when technology can create 

something powerful or alter something fundamental, such as the building blocks of life, perhaps it 

is time to take stock and place a check on progress” *Emphasis added+. A Joint civil society 

statement (2007) – signed by some Australian environmental non-government organisations 

(ENGOs) such as Friends of the Earth Australia (FOEA) – similarly also responded to what they 

termed a promised “new materials revolution”. The statement asserted that: 

 

Proponents of a nanotech ‘revolution’ predict that it will cause dramatic and sweeping 

changes in every aspect of human life. We believe that a precautionary course of action is 

necessary in order to safeguard the health and safety of the public and workers; conserve 

our natural environment; ensure public participation and democratically decided social 

goals; restore public trust in, and support for, government and academic research; and 

permit long-term commercial viability. [Emphasis added] 

 

The typical response of proponents in such circumstances is to emphasise continuity and to 

downplay or revise earlier claims (Rayner, 2004). This has been documented in nanotechnology 

discourses (Dupuy, 2008; Sparrow 2007, 2008). One proponent did this quite consciously: 

 

I used to give a talk – particularly when the activists were involved – where I’d say ‘I can 

assure you that in 20 years time people will still wear clothes, people will still eat food, still 

have ailments and need to have those treated’ because, fundamentally, most of what we 

do stays the same, it is the stuff at the margins that technology influences. (Interview 6)28 

                                                             
28 PMSEIC’s (2005, p.2) earlier claim that it “has the potential to transform the way we live” is a stark contrast   



51 
 

  

 

Similarly, a senior scientist who described nanoscience as “a whole new frontier” stated the 

following when the public debate about risks was subsequently discussed: 

 

That’s where you’ve got to step back a bit. People are seeing this as some totally 

revolutionary step – so that we’re suddenly in some new world, with a whole bunch of 

new things that we don’t understand and we’re using them without proper care. It is not 

as revolutionary as that. As I said it has been an evolution, which does go back and we’re 

building up ideas, technologies and making new materials and checking them out and so 

on. [Emphasis added] (Interview 8) 

 

The dominant view expressed by scientists was ‘contextual’ (Hedgecoe et al., 2008), which framed 

nanotechnology as evolutionary rather than a new paradigm – although some interviewed 

scientists articulated a more radical interpretation (Interviews 17, 23). Similarly, the PMSEIC (2005) 

report emphasised that “nanotechnology is not new” but also, awkwardly, frequently described it 

as a “new technology”. The following quotes capture this view, e.g.: 

 

I think the whole debate is a little bit over the top because as far as I’m concerned I think 

nanotechnology is just an umbrella term that covers a lot of things that we’ve always been 

doing. I mean I was doing this before anyone thought of the word, right. In those days it 

was called thin films or surface science... A lot of the stuff that we label as nanotechnology 

is just stuff we’ve been doing before anyway.  [Emphasis added] (Interview 27 – scientist)29 

 

I don’t think you can say that nanotechnology is a new science. It is built upon a lot of 

sciences that have been going on for a long time, but it is concentrated on particular 

aspects of that. That being, concentrating on systems that are small, i.e. nanoscale, and 

trying to really understand what is happening at that scale. But of course chemists have 

been doing that for years. That is what they’ve always done... (Interview 17 – scientist) 

 

The core advantage of nanotechnology is having the inspection and measurement tools to 

be able to design, build and characterise at the nanoscale. In this respect nanotechnology 

is very much part of the evolution of manufacturing. (Interview 24 – industrial scientist) 

 

This whole area was previously called ultra fines in industry. (Interview 29 – scientist) 

 

Also in contrast to earlier hype many scientists emphasised that nanotechnology is still in the early 

                                                             
29 One interviewee similarly argued nanotechnology is “a term invented by academics… because interest groups needed 
to differentiate their research proposals from others” (Interview 24 – industrial scientist) 
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stages of development, and sought to normalise it and related nano-phenomena, e.g.: 

 

The context for nanoscience  – despite the rhetoric, and we all have our own rhetoric in 

beating it up – is that it is still in the emerging phase in terms of moving from the 

understanding of how it works through to the really effective, money-making exploitation. 

(Interview 7 – scientist) 

 

We’re really just on the foothills. (Interview 8 – scientist) 

 

It is very, very important that we do not create unrealistic expectations from the 

community that this is really going to change their world. These things always take time, 

this is a process, we need to be patient. [Emphasis added] (Interview 26 – scientist) 

 

Nature uses these sorts of structures all the time, right. I think people don’t really 

remember that in the whole debate...  things on this scale have been around forever, you 

know, we didn’t invent particles the size of nanometres. We’ve been exposed to them 

forever and they do exist just in nature. All the fear is a bit over-blown. (Interview 27 – 

scientist) 

 

Nanoparticles in the environment are nothing new. (Interview 17 – scientist) 

 

Nanostructures are the key element in living natural systems. By and large, living natural 

systems through evolution have developed an enormous range of nanostructures, 

including in our own bodies... There are nanoparticles all around. Diesel exhausts, for 

example, pump out masses of nanoparticles. People breathe them in all the damn time. 

(Interview 8 – scientist) 

 

Such statements can be perceived as ‘back-pedalling’ which can, in effect, work to increase the 

anxieties of critics and other engaged publics, as argued by Rayner (2004). For example, one 

activist commented that “I think there has been significant back-peddling” adding, disapprovingly, 

that “on the one hand it is the promise of everything new and, on the other, the reassurance that 

everything is the same, just better” (Interview 5). Greenpeace campaigner Hepburn (2006) made a 

telling similar comment in an opinion piece published in the Canberra Times in response to the 

Options for a National Nanotechnology Strategy report (Australian Government, 2006). He argued 

that the aim of the report “seems to be to reassure the reader that nanotechnology isn't really 

new and certainly isn't anything to worry about”, but added that the “speculative benefits of 

nanotechnology are pronounced with certainty from on high”. 
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In contrast to scientists, critics discussed what they saw as the novelty and potentially 

transformative power of nanotechnology, such as transforming ecological systems by “releasing 

these fundamentally new things into ecosystems” (Interview 19 – academic). For example: 

 

I think the suite of technologies encapsulated by it [nanotechnology] are potentially 

profoundly powerful and are likely to shape the world and our future in ways that we 

don’t yet understand. They may be more powerful than elected governments that [in 

contrast] are subject to scrutiny and consideration.  (Interview 18 – civil society) 

 

Nanotechnology is a powerful new technology for taking apart and reconstructing nature 

at the atomic and molecular level. It is being touted as the basis of the next industrial 

revolution and will be used to transform and construct a wide range of new materials, 

devices, technological systems and even living organisms. (Illuminato & Miller, 2010, p.9)30 

 

Specific features of nanotechnology can also generate dual responses. For example, an ethicist 

remarked “one part of me is positively excited by the possibilities and another part of me is deeply 

cautious about the application of the science and then, more importantly perhaps, the technology 

that emerges largely because of the things that make it exciting... I suppose it is a bit like 

‘Pandora’s Box’” [Emphasis added] (Interview 16). Another interviewee remarked: 

 

I remember one of the first meetings that I was in with an expert speaker ... discussing 

where the world is up to in terms of manipulating chemicals into nano forms and the 

reasons for doing that. He said they had been able to actually create 50,000 different 

types of nano forms of gold and I almost fell off my chair. (Interview 28 – civil society) 

 

Overall, nanotechnology exhibits ‘novelty trap’ dynamics and the dual narratives that can emerge 

when “actual or anticipated concerns have to be assuaged” (Felt & Wynne et al, 2007, p.26). 

Whilst some interviewees expressed concerns about continued hype, such as regarding potential 

barriers to appropriate regulations, most felt nanotechnology had entered a new phase. 

 

                                                             
30 It should also be noted that the report cited here, despite framing nanotechnology as such a “powerful new 
technology” that will “transform and construct”, overall it presents a highly skeptical view. The focus is on critiquing 
nanotechnology hype, highlighting potential barriers to delivering on the promises and related hopes, and promoting 
alternative solutions that are consistent with radical environmental discourses (Dryzek, 2005). These alternatives include 
major structural changes in economic and production systems, reduced consumption, supporting existing renewable 
energy technologies, shifts in transportation (e.g. public transport, behaviour change) and adoption of ‘re-localised’ and 
organic agriculture. Specifically, the report argues that “the illusion of green nanotechnology is just that – an illusion that 
is promoted by a range of nanotechnology proponents” (p.60) [emphasis added]. 
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3.3.2 “The jury’s out”: downscaled expectations and related dynamics 

 

A central theme, particularly amongst interviewees from or exposed to research 

commercialisation and business, was an observed shift to a new post-hype phase. A review of 

mass media, reported below, supports this assessment. This phase is also described as “a more 

considered, ‘let’s see what happens’... ‘softly, softly’ approach” (Interview 12 – public sector). 

Similarly, a scientist remarked that: 

 

I think it is moving into what could be called a secondary phase. I think we’re moving out 

of a primary phase in which nanotechnology was seen as a buzz term and it was early 

development so there were a lot of people looking at classes of nanomaterials and how to 

apply them. Now we’re moving into a second phase which is more of a reality phase of not 

every nanomaterial is as useful as one may hope and, in fact, now hybrids of the different 

classes of nanomaterials are what people are getting into – multi-functional 

nanomaterials... because we’re moving beyond plain nanomaterials to hybrids, and 

hybrids of the hybrids, it is [also] becoming a more complex issue. [Emphasis added] 

(Interview 29 – scientist) 

 

A telling comment was that nanotechnology is perceived to have “retreated back into just one 

type of research” and to no longer be seen as “something significantly new” (Interview 4 – 

industry development consultant). Other interviewees provided related accounts: 

 

Nano has become increasingly irrelevant to industrial R&D. I think there was large hype 

ten years ago, so we’re now coming through the post-hype phase from the industrial 

point-of-view. We’re probably getting to the point where lack of support for the early 

adopters has killed them off, lack of governmental support for early adopters. So areas 

which were very speculative, high risk, with a high chance of market failure, we didn’t 

have a support structure in Australia for that... frankly it is too big a risk to go down nano 

when you could go into something else and make more money there, so why would you 

bother? (Interview 24 – industrial scientist) 

 

[Nanotechnology is currently] very much with the researchers. Probably fragmented, 

therefore we’re not getting what we could out of it. I think we’re also losing international 

connections – we used to be invited to the international tables and we’re not anymore to 

the same extent. At that peak level we don’t seem to have a representative body that pulls 

things together and informs people, it’s very patchy... There is no buzz there... it is very 

quiet. [Emphasis added] (Interview 25 – public sector) 
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I would probably say it is going ‘underground’. I don’t think people identify themselves as 

a nano company.  They identify themselves as a chemical company, or a bio company, but 

you wouldn’t hear someone saying I’m a nano company (Interview 20 – industry 

development) 

 

A scientist, reflecting on industry concerns that “the term ‘nano’ has been given a bad label”, 

similarly remarked that “because we’re now in ‘phase two’ and they’re running scared from the 

term nano, there will be less industries calling it nano and they’ll be calling it micron size or 

whatever as much as possible” (Interview 29 – scientist) – also potentially pushing nanotechnology 

‘underground’. This scientist further commented that “at a Federal Government level we’ve seen 

this [i.e. running from the term] – the Australian Office of Nanotechnology staff have basically 

been rolled into the new National Enabling Technologies Strategy”, adding: 

 

I get the impression the Federal government didn’t want a target, an easy target, to be hit 

on in this aspect and it has some positive aspects for the government, but I think lacking a 

focus has some negative aspects as well. In the Asia nano forum, so in our region, a couple 

of years ago they thought the Australian scene was very positive, now with the Australian 

NanoBusiness Forum closing its doors and no real replacement for that, they were 

concerned because there wasn’t an Australian representative at a recent forum. They 

were like they were ‘the big kids on the block’, now they’ve disappeared two years later. 

Gone... (Interview 29 – scientist) 

 

Reflecting specifically on the Queensland context a senior scientist, who also acts in a promotional 

capacity, commented that “I think we’re struggling to keep it on the agenda, other than the 

negative side” (Interview 27). Consistent with this assessment a public sector employee remarked 

that the Victorian Government – which had previously been an important lead actor – has mostly 

shifted focus to biotechnology and information technology (Interview 25). 

 

A review of mass media articles in major Australian newspaper from 2000 to 2011 clearly shows a 

considerable decline in attention over the last five years (see Figure 6 below), following a spike in  

attention on risk concerns.31 This supports the assessments of many interviewees. 

                                                             
31 Newspaper articles were sourced via the Factiva electronic news database on 7th June 2011. A search for articles using 
the search terms “nanotechnology”, “nanoparticle” or “nanomaterial” was conducted, searching in ‘major Australian 
newspapers’ between January  1 2000 and June 7 2011. (The newspapers included in a search of ‘major Australian 
newspapers’ are Canberra Times, Daily Telegraph, Herald Sun, The Advertiser, The Age, The Australian, The Courier-Mail, 
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Figure 6: Ups and Downs in Media Attention – articles in major Australian newspapers 

 
 

Some interviewees saw recent changes as a normal part of the development process:  

 

What you’ve had in that interim is that there was a lot hype internationally around 

nanotechnology, which everyone was caught up in, and later a growing consideration of 

what we really mean. You get that first thing of what’s possible with nanotechnology but 

then you get the reality. So what happens, in the end, is it goes from what the properties 

entail, what the benefits and functionality of nanotechnology could be, to translating that 

into reality which becomes a matter of timing. So part of it is evolutionary as certain things 

are not possible immediately... So the hype gets moderated by people asking: what’s its 

reality? The other thing that also came up was a growing concern around the ethical 

considerations and the potential impact on the health of people and the environment. So 

there was a lot of opposition to it, especially here in Australia. [Emphasis added] 

(Interview 12 – public sector) 

 

What generally happens is whenever a new field starts people are very optimistic and then 

people start imagining that they can do lots of wonderful things and that this can lead to a 

lot of wonderful technologies. But, generally, when you start working on these things then 

                                                                                                                                                                                          
and Sydney Morning Herald). This search provided a large quantity of articles which were then filtered so that the only 
articles graphed were either explicitly about nanotechnology (in the majority of cases) or significantly 
mentioned/discussed nanotechnology (in some cases). 
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reality comes in. Then trying to translate ideas into technologies always takes times and 

that is part of the technology development process. 
 

Interviewer: What is a good example of that? 

For example people ultimately want to be able to do targeted drug delivery say, for 

example, for treating cancer cells or brain tumours. But people have to really develop an 

understanding of how these nano-particles with the drugs are propagating in the body and 

whether they are able to attach themselves to the cells they are looking for, how long they 

stay, and other issues. These things do take time and until we are satisfied that those 

things are well understood you cannot go implementing these technologies. So that 

means a lot of studies need to be done and then ultimately you need to see where these 

nanoparticles are staying and ultimately what we want is these sorts of nanoparticles 

going and doing their jobs and then leaving the body so it doesn’t have any adverse 

effects. (Interview 26 – scientist) 

 

Interviewees suggested additional structural dimensions. “Reticence in taking it [nanotechnology] 

up” in industry has been observed (Interview 30). A variant of the ‘waiting game’ (Parandian et al., 

2011), due to the attention on uncertainties about potential risks, is described: 

 

There is a lot of watching and waiting going on. When I bounce that off international 

counter-parts, regarding the risk analysis and the media take-up of things, I’m tending to 

detect that from most other countries as well. There is a little bit of let’s not leap into this 

too hard and fast until somebody else does a bit of serious work on it. [Emphasis added] 

(Interview 30 – research commercialisation) 

 This situation in Australia is further framed as a major dilemma: 

I don’t sense that there is in Australia a broad industry-wide interest in nanotechnologies 

or that it is something they should be pouring money into. This is where there is a 

dilemma.  On the one side you’ve got government investment going to the Australian 

research community funding programs into nanotechnology based research and nanobio 

and things like that. You have heavy government investment in research infrastructure, 

such as the Melbourne Centre for Nanofabrication and other such facilities. Then we have 

the risk area that the government is very attuned to as well. But what of industry – the 

pathway to national economic growth? – ... [who is] sort-of sitting out on the sidelines a 

bit, not quite sure where to go with it all...  
 

Interviewer: Why do you describe this as a dilemma? 
 

Let’s go back to my whole interest, to commercialise science and technology. If you think 

about the instances of GMOs and stem cells, there has been one of these areas in the 

agriculture area and one in biomedicine area, but ‘hard’ industry has never had, I don’t 

think, one of these areas where there is a health and environment risk component sitting 
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on top of the introduction of a new technology – sorry, I should say the introduction of 

new components, new surfaces, new materials, and so on – in what we might call a ‘hard’ 

manufacturing environment. It puts another layer in there. I have never been involved in 

one previously. This is something completely new for us... [and] you also can’t go and get 

an immediate resolution because there is so much long-term research that needs to go into 

it. [Emphasis added] (Interview 30 – research commercialisation) 

 

The reticence theme was also raised by another senior scientist who has exposure to industry 

responses and perspectives. This scientist stated that “what we’re really pushing for is business to 

be aware of the possibilities and not to be frightened by the possibilities” (Interview 27 – 

scientist). Although some businesses are interested “by-and-large it is very hard to convince 

people to look at new technologies” citing both “great resistance to anything new” and “people 

out there peddling what I would call a fear campaign” (Interview 27). 

 

Related tensions and issues in such a context were expressed. On the one hand, whilst this 

scientist remarked that “there has been a lot of money invested, you’ve got to do something with 

it, [therefore] there has to be output shown” (Interview 29). On the other hand, an industrial 

scientist (working in a firm commercialising such technologies) argued “the case for the use of 

functional nanoparticles” – an emerging class of nanomaterial – “is not sufficiently compelling to 

warrant all the hassle of dealing with the uncertainty of the regulatory environment” which leads 

to the investment of resources elsewhere (Interview 24 – industrial scientist). 

 

Downscaling expectations and related recalibration 

Statements from many lead actors in the public and private sectors indicate significant 

downscaling of expectations. For example, whereas previously it was claimed nanotechnology will 

“fundamentally impact on the productivity and competitiveness of a range of industries” 

(Australian Government, 2006, p. 4), and that small technologies will – more broadly – “over the 

next two decades... have profound effects on industrial products and processes, on the lives of 

individuals, and on the nature of human society” (Centre for Strategic Economic Studies, 2003, 

p.1), a senior Federal public servant commented that nanotechnology is perceived to “hold the 

promise of a marginal increase in productivity” in the context of broader competitiveness and 

productivity challenges [Emphasis added] (Interview 14). This interviewee added that 

“nanotechnology, I would stress, is one very small part among thousands of other factors” and 
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also alluded to the degree of uncertainty present, by stating that the ambitions and aims of 

government “can probably only be crystallised once you know what the true benefits and risks 

truly are” (Interview 14). The following comments further indicate downscaling: 

 

It might be [a revolution]... just not next year. It might be transformative, but this will 

happen over decades, not years. [Emphasis added] (Interview 13 – Federal Government) 

 

It’s a bit like ‘the jury is out’. (Interview 30 – research commercialisation) 

 

I’m really struggling to see anything that is telling me that nano is still transformative as a 

broad spectrum of technologies. I think we’ve got hung up on the nano as small particle 

size, or it’s very small science stuff [Emphasis added] (Interview 4 – industry development 

consultant)32 

 

Consistent with this another private sector interviewee pointed to a shift from “early claims such 

as nanotechnology drastically reducing manufacturing costs, being able to self-assemble amazingly 

complex machines, self-repairing [materials], etc” to an “emerging reality… that nanotechnology 

can add extra functionality to manufactured systems, but that it is only a component of those 

systems, and often not the most important or the most costly part” [Emphasis added] (Interview 

24 – industrial scientist) and about modifying and improving the performance of existing products 

(Interview 8 – scientist). Activists have also noticed such changes, but view these sceptically. For 

example, one remarked that “we’ve gone from the grand narrative within the field of omniscience 

and all-powerful control to ... ‘oh actually, it is just going to deliver incremental change, better 

cosmetics, more effective energy generation’” (Interview 5 – civil society). 

 

Conflicting reiterative and de-hyping practices 

In line with the theoretical perspectives outlined in the previous chapter, there have been 

important attempts during this phase to reinforce earlier expectations through peak scientific 

bodies and new umbrella promises, linking nanotechnology with ‘grand challenges’ such as 

tackling climate change and energy security (e.g. Australian Academy of Science, 2009; Carr, 

2008b; Lu & Tegart, 2008; Lu, 2009; Smith & Granqvist, 2011; Tegart, 2009), and renewed calls for 

a major national strategy or plan. Lu and Tegart (2008, p.ii), in a report prepared by the Australian 

Academy of Technological Science and Engineering (ATSE), called for greater government and 

                                                             
32 The same interviewee further stated that “I don’t think it [nanotechnology] is that interesting anymore” (Interview 4). 
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industry recognition that “nanotechnologies are … a growing group of enabling technologies which 

can make a substantial impact in all areas of energy conversion, storage, distribution and use in 

Australia” and for more national coordination. The Australian Academy of Science (2009) report 

Nanotechnology in Australia called on the government to lead “production of a National Strategic 

Plan for Nanotechnology Research” and, linked with this, argued that nanotechnology is “already 

having a profound impact” and has “transformational capacity” (p.1). 

 

Interviews with lead actors identified concurrent de-hyping efforts.  Policy actors attempted this 

by shifting rhetoric towards ‘enabling technologies’ at the Federal level and ‘small technologies’ in 

Victoria (Interviews 12, 25, 30). One scientist argued nanotechnology has consequently, in effect, 

been demoted to “one of several emerging technologies” (Interview 29).33 

 

The evolving nanotechnology project: local context, drivers, and evolving networks 

Interviewees provided a range of explanations for recent shifts. These included: public 

perceptions; the change in Federal government in 2007 (Interviews 6, 24); changes to State 

Ministers and Departments (Interview 25) and loss in nanotechnology ‘champions’ inside and 

outside government (Interviews 12, 22, 25) with no “drivers” and “nobody ... really being a leader 

and thinking out, pulling things forward” (Interview 22);34 and the global financial crisis. Others 

suggest underlying dynamics, as is clear in the following remarks: 

 

 There are voices out there raising ‘red flags’ around potential problems, issues, dangers 

around the exploitation of certain aspects of nanoscience. I’ve spoken to Kim [Carr, the 

relevant Federal Minister] about this occasionally... I think Kim got ‘gun shy’ a year or two 

ago and a bit perturbed by the potential dangers. (Interview 7 – scientist) 

 

There is no doubt about it the big promise of nano is tempered with the concern about 

nanomaterials. [Emphasis added] (Interview 30 – research commercialisation) 

 

For the past three years they [governments in Australia] have been on the back foot. They 

have been trying to say that we’re still a nanotechnology player, but the real actions have 

                                                             
33 Whilst, one the one hand, this scientist thought this was reasonable because nanotechnology “is one part of the 
process for deriving a final application” (i.e. these applications, e.g. in new products, tend to involve several 
technologies), on the other hand “lacking a focus” was seen to have many negative implications (e.g. declining 
international presence and significant destabilisation of associated networks) 
34 A public sector interviewee was similarly of the view that “there were advocates, but no *real nanotechnology 
champions]. A champion is someone that is absolutely committed to the cause and sees it through” (Interview 12). 
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been around assuring the community. (Interview 6 – former proponent) 

 

We lack leadership, vision and bravado in regard to developing technology beyond the 

research stage – in fact we rarely manage to get beyond the perpetual cycle of curiosity 

driven research fuelled by a seemingly unending supply of government funds. [Emphasis 

added] (Interview 12– public sector) 

 

I’m less keen to use that word now than I was, say, five years ago... It is almost like 

nanotechnology at one point was seen as the great unifying word that would unify all 

these different areas but actually what I think has happened is a lot of areas have now 

fallen out of nanotechnology, so it has kind-of fragmented again. (Interview 17 – scientist) 

 

Other topics you have mentioned, such as plasmonics, are just starting to ramp up their 

hype phase. [Emphasis added] (Interview 24 – industrial scientist [private sector]) 

 

Proponents tended to be especially critical of government, as expressed in these remarks: 

 

It fell into bureaucratic hands and to be frank there is not much that I see of imagination in 

DIISR [Department of Innovation, Industry, Science and Research]... They never make any 

public statements. They never do anything. They are pussycats sitting in their boxes 

(Interview 22) 

 

They [former Howard Government] took a very hands-off view towards 

commercialisation, and believed market forces would ultimately determine the success of 

the industry. Repeated submissions (notably PMSEIC in 2005) tried to illustrate the 

potential for market failure due to the small scale and missing components of the 

Australian industry – but the Commonwealth government ignored all of this. When labour 

gained power in 2007 we hoped for a greater recognition of an important government 

role in supporting development of a new industry, because of the lead of John Brumby in 

Victoria. However, it turned out to be the opposite – the new Government took the 

attitude that industry development wasn't their business … Industry support was rejected. 

(Interview 6 – research commercialisation)  

 

STS scholars have long argued that local contexts for innovation need to be taken into account 

(Felt & Wynne et al., 2007), which is clearly evident in the above remarks. Further local factors 

were often also referred to by interviewees – see Table 9 below. 
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Table 9: Specific shaping factors in the Australian context mentioned by interviewees 

 Asbestos tragedy influencing the level of concern about potential risks and safety (Interview 14) 

 Greater focus on sunscreen safety (i.e. containing nanoparticles) than other contexts (Interview 21). 

 Dominant ‘linear approach’ to innovation: “we have a ‘bottom-up’ approach to science and technology 
here – which is science leads to technology leads to applications” (Interview 12 – public sector) 

 Industry unwilling to engage publicly on nanotechnology issues and potential (multiple interviewees) 

 Unfavourable economic conditions, e.g. the high value of Australia dollar, which have reduced the 
competitiveness of the manufacturing sector in Australia (multiple interviewees) 

 Concerns about becoming a “one dimensional” economy (too reliant on mining); related government  
ambition for Australia to have a “high wage, knowledge intensive economy” (multiple interviewees)  

 Centrality of imported nanotechnology due to small amount of local production (multiple interviewees) 

 

Government interviewee remarks confirmed a major shift in focus. A senior public sector 

interviewee stated that researching and resolving the health and safety issues are the 

government’s current number one priority (e.g. Interview 14). Related changes include: the 

growth of the NanoSafe Australia network, founded in 2005, from four initial members to 48 

members in 14 research groups (Interview 29)35; creation of a nanotechnology workplace health 

and safety program by Safe Work Australia as part of the new National Enabling Technologies 

Strategy (NETS); increasing focus on nano-safety and toxicological research at CSIRO, such as the 

creation of a ‘nanosafety’ research theme within the Future Manufacturing Flagship (CSIRO, 2009) 

and research by CSIRO Land and Water on potential environmental impacts of nanomaterials (e.g. 

on soil organisms, the aquatic environment; see Taylor, 2010). 

 

Additional changes have occurred which support interviewee remarks. The 2011 National 

Nanotechnology Capability Report (Australian Government, 2011b) also indicates a rapid drop in 

activity. The report: lists 46 firms, a bit over half the 80 firms that are claimed in the report 

introduction, and less than half of the listed firm’s core business is in commercialising new 

nanotechnologies (e.g. some just sell scientific instruments); and includes fewer firms with ‘nano’ 

in their name than the earlier 2007 Capability Report (Invest Australia, 2007). Patent application 

data also shows a significant drop since the peak during 2003-04 (Dang et al., 2010): 

 

                                                             
35 NanoSafe Australia Network is a group of “toxicologists and risk assessors, who formed a research network to address 
the issues concerning the occupational and environmental health and safety of nanomaterials”. More information on 
the research network can be found at: http://www.rmit.edu.au/nanosafe 

http://www.rmit.edu.au/nanosafe
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Figure 7: Nanotechnology patent application trends 1991-2008 

 

Source: Dang et al. (2010) 

 

Additional evidence of the decline of the nanotechnology project in Australia has emerged over 

the past few years. In particular, shifts in the stated foci of science and technology policy and 

departments have emerged. For example, NETS is framed to be open to emerging technoscientific 

developments, which key policy stakeholders specifically lobbied for such as CSIRO (2009) and the 

Queensland government (DEEDI, 2009).36 Whilst the initial focus of the strategy is on 

nanotechnology and biotechnology it also has the additional aim of undertaking “strategic 

assessment of the development of new enabling technologies and the convergence of new and 

existing technologies” (Australian Government, 2010c). Similarly, a Federal public sector employee 

noted that “the policy debate has moved too and is influenced by larger-scale government 

thinking, such as move towards supporting clean technologies, the changes in government 

imperatives towards having an innovation policy” (Interview 11 – public sector). Important 

examples of such shifts in foci and labels are presented below in Table 10. 

                                                             
36 The Queensland Government advocated inclusion of additional ‘enabling technologies’ such as information and 
communication technologies, photonics and optoelectronics in the strategy (DEEDI, 2009). CSIRO (2009) argued that the 
new strategy should be seen as “also an opportunity to bring other emerging enabling technologies into scope – or at 
least, not leave them out”, noting its work on other emerging technologies (e.g. transformational post-genomic biology). 
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Table 10: Declining prominence of ‘nanotechnology’ in research and development 

Body/Organisation Former name of strategy/activities New name of strategy/activities 

Federal Government  National Nanotechnology 
Strategy 

 National Enabling Technologies Strategy 
(2010) 

Victorian Government  Victorian Nanotechnology 
Statement 

 Nanotechnology Victoria 

 Victorian Action Plan for Small 
Technologies (2010) 

 Small Technologies Cluster 
Queensland 
Government 

 Nano-discovery program 
(promotion industry 
awareness/adoption) 

 Nanotechnology industry 
development activities 

 Advanced Materials and Clean 
Technologies branch (nanotechnology is 
now subsumed into this branch) 

 Cleantech Industry Development 
Strategy (2011-2015) 

 Advanced manufacturing industry 
development focus 

CSIRO  CSIRO Nanotechnology Centre  Future Manufacturing Flagship 

 Advanced Materials ‘Transformational 
Capability Program’ 

 CSIRO Materials Science and 
Engineering Division 

Commercial firms 
(example of change) 

 Advanced Nano Technology 
Limited 

 Antaria Limited (changed in 2008) 
focussed on “advanced materials” 

 

Further major new research programs, doing research that some interviewed scientists referred to 

as being ‘nanotechnology’ (Interview 23, 25, 27, 29), increasingly do not tend to be publicly 

described as being nanotechnology. These include the Victorian Organic Solar Cell Consortium 

(established in 2008), Advanced Manufacturing Cooperative Research Centre (2008), Australian 

Centre of Excellence for Quantum Computation and Communication Technology (2011) and 

Institute for Molecular Science at La Trobe University (2010).37 One notable exception is the new 

Australian Centre for Nanomedicine at the University of New South Wales. 

 

3.3.3 Techno-scientific promises regime dynamics and drawbacks  

 

Comments from interviewed scientists confirmed that the promises regime exists in the Australian 

context. Scientists consistently linked promise dynamics to the research funding environment and 

                                                             
37 Another example is the Intelligent Polymer Research Institute (IPRI) at the University of Wollongong. Its PhD students 
are doing research on nanostructured electrodes (e.g. novel carbon nanotube electrodes) for new devices and 
environmental remediation, organic and polymer-based photovoltaic devices, nanostructured electromaterials for 
‘thermal harvesting systems’, etc (see: http://ipri.uow.edu.au/students/index.html). 

http://ipri.uow.edu.au/students/index.html
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innovation processes (e.g. Interviews 7, 8, 26). A senior scientist clearly outlined the dynamics: 

Interviewer: Are there now greater pressures to make ‘big promises’? 

Oh absolutely. From a scientist perspective there is a cause and effect for most things in 

life. If you go around now telling researchers that when they write a grant application for a 

new project that the first thing they have to write down is what the potential benefits are, 

and the success rate for those grant applications seems to mirror that, then you’ll get 

people promising the earth. There is absolutely no surprise to me that researchers all 

around the world and in Australia as well are now much more in the slot of talking up the 

potential outcomes from their work, even if it is very early on. [Emphasis added] (Interview 

7 – scientist) 

 

The same interviewee noted that “the hype around nanotechnology does tend to get people in 

that [promising] mode” and later pointed to an existing regime, adding: 

 

Researchers, who are usually reasonably intelligent people, play the game and become 

very adept at describing whatever they do in the ways that you want to hear. So yeah I 

think it is an absolute characteristic of the system now. [Emphasis added] 

 

Another industrial scientist described additional aspects of this ‘system’: 

 

One of the contributing factors is that one of the audiences we have to give the message 

to, the politicians, are the ones with the shortest attention spans and the greatest 

adversity to risk. I have always found it much easier to talk to a bunch of schoolkids than a 

politician in terms of trying to hold their attention. What that encourages is for people to 

make fairly outrageous statements to try to capture the attention of the politicians and 

there is your hype issue. It is fundamental to the structure of our system. (Interview 21 – 

industrial scientist)  

 

Specifically in relation to nanotechnology another scientist remarked that: 

 

The world is so full of hype now on these matters... scientists are keen to get grant 

support, and businesses are keen to get venture capital, and so they all carry on about it. I 

think there is a modern cultural thing as well to oversell things. So you get the impression 

that nano is the latest saviour. (Interview 8 – scientist) 

 

As noted in the previous chapter the present regime has a number of potential drawbacks, linked 

to promise dynamics. Substantial evidence of these emerged in the interviews. 
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Challenges maintaining belief in promises 

A key challenge is maintaining belief in promises and dynamics caused by inevitable gaps between 

these and later realities (Felt & Wynne et al., 2007). Consistent with this, a senior public servant 

commented that “in a policy sense we are all being told that the promise is there” but emphasised 

that it “is yet to be realised”. This interviewee further remarked that “in determining what the 

promise is, not only of nanotechnology but of other technologies, it is very hard to sort the pearls 

from the swine in terms of opinion” and remarked that the promise, in his view, “probably has 

been over-stated” (Interview 14). There is a related potential for reality to, in effect, ‘overtake’ 

promises highlighted by these remarks: 

 

I know that the promise is there, I understand that... Certainly in medical, certainly in solar 

power, in clean energy, water purification, I know these are all the potentials. But the 

problem is that they are all promises, we haven’t actually seen much of this come to 

fruition yet, and we can’t just say because of these potentials we’ll just close our eyes to 

the hazards and potential long-term problems. One of the related problems I see is that 

what to-date has reached the commercial stage are frivolous things – you know socks that 

don’t smell, stain resistant clothing. We’ve only really seen that frivolous side. [Emphasis 

added] (Interview 28 – civil society) 

 

The thing is to-date nanotechnology has been pretty boring. There are not a lot of exciting, 

new, revolutionary products out there on the market. Yeah I can get a lighter and stronger 

tennis racquet, or I can get an iPod that is smaller, or my flat-screen TV might be cheaper, 

or my cosmetic product might be shinier and last longer on my skin. That is not really 

mind-blowing, exciting stuff. (Interview 21 – academic) 

 

The reality it is on the market, it is creating waste now and it is being sold... So I think it 

suits the industry and suits governments to project it as this sci-fi, high-tech wonderful 

technology meanwhile companies are looking for every crappy little use they can for these 

products to make money now. [Emphasis added] (Interview 15 – civil society) 

 

Progress towards the opportunities highlighted during the hype phase (e.g. PMSEIC, 2005) has 

clearly been slower than promised. A related potential drawback is for self-induced hype-

disappointment cycles caused by overpromising (Felt & Wynne et al., 2007). Interviewee 

comments indicate related dynamics exist such as vicious ‘(over)promise-funding-(under)delivery’ 

cycles. For example, one former proponent asserted that the Victorian “government was 

unrealistic in its expectations”, which created expectation management issues, and expected “us 
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to produce commercial revenues within three years and that is just fantasy” (Interview 6). Further, 

“the Federal Government is similar, saying we’ll put money into commercialisation ventures but 

we want them to be break-even within 3-5 years” which “just doesn’t happen” (Interview 6). 

Scientists noted over-promising and under-delivery in specific application areas such as in 

nanomedicine (Interview 29) and carbon nanotubes (Interview 23). The promises around carbon 

nanotubes are unlikely to be realised but it is also seen to have later benefits: 

 

IBM was saying quite frequently that carbon nanotubes were totally going to replace 

silicon as the new material for creating transistors and this turned out to just not to be 

true because the technology is very hard to develop. There is a lot of work that goes into it 

and it hasn’t developed as quickly as people expected. But nanotubes were really early in 

the field and so they do hold a special place. So it really has made a mark on the science as 

a kind-of synthesised nanomaterial that had these very unique properties. Ultimately I 

think the application space for carbon nanotubes is a lot smaller than we had hoped, and 

it may be totally ignored in the future, but we learned a huge amount in both basic physics 

but also nanomaterials processes and synthesis. A lot of the techniques that people 

started out using or developing in order to grow nanotubes, for instance, are now used to 

grow other kinds of synthetic nanostructures better that are perhaps going to be more 

useful (Interview 29 – scientist). 

 

One scientist explicitly pointed to perceived hype dynamics around images such as having tiny 

robots (nanobots) swimming in your blood stream. These images were “exaggerating a bit” but 

were also being used by scientists to “market what they’re doing” (Interview 17). 

 

Lack of delivery appears to be an important contributor to declining focus on nanotechnology by 

some policy actors. As one public sector employee stated: 

 

What you also have to realise is that when you’ve got a situation in which the Minister has 

to continually address the potential bad effects of nanotechnology without being able to 

talk practically about the benefits of nanotechnology – for instance if I, as the Minister, am 

unable to say, hang on, hang on a minute, nanotechnology in this country has already 

done this, this and this for the community, it has cured this, it has reduced the cost of 

health by this much, we’ve improved blah blah blah and can’t make those sorts of claims 

and all you are continually doing is fighting claims by the media against the hazards of that 

– then, of course, you’re going to downplay it, you’re going to start to put less emphasis 

on it. 
 

Interviewer: So if more ‘runs were on the board’ it would have been easier to deflect criticism? 
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Yeah. (Interview 12 – public sector)  

 

Consideration of promises, and delivery to-date on these, also raised definitional issues. For 

example, whilst some scientists remarked that today’s silicon computer chips and ‘flash drives’ 

(small external hard drives) come within a broad definition of nanotechnology (Interviews 24, 26), 

another scientist who also nominated “nano-structured materials or devices in microprocessors” 

as an example of nanotechnology immediately qualified this adding that “this is a little bit of a 

stretch” (Interview 23). Similarly, a senior lead actor reflecting on the wide acceptance of early 

significant claims such as of a multi-trillion global nanotechnology market within a decade argued 

this was because “it was such an ill-defined area”, adding that “if I wanted to add up all the carbon 

black that was used in tyres in the world – carbon black being a nanopowder – gee I could justify 

those figures pretty readily [Laughs]” (Interview 30 – research commercialisation). 

 

Contesting promises rather than genuine deliberation 

The views expressed by many interviewees also indicate that discussion about nanotechnology has 

often been reduced to polarised interactions ‘for and against the promises’, as is theorised to 

occur when concerns are raised in the promises regime (Felt & Wynne et al., 2007). For example, a 

government employee noted that “public forums can be a bit of an ideological ‘blood sport’, 

attracting those that are staunchly for or against nanotechnologies and just ‘go for it’ and battle 

each other and reinforce their existing positions” (Interview 11). Similarly, ethicists remarked that 

polarisation “tends to be what you find” and that “the polemics of it get in the way of having a 

proper conversation” (Interview 16), further arguing “there are a whole set of dynamics that push 

people towards extremes” (Interview 1). Another public sector employee similarly commented 

that there is “tension between the groups that is kind-of ideological” which, in practice, makes it 

difficult to “have a sensible discussion” (Interview 2). A regulatory expert argued such dynamics 

have tended to drive nanotechnology debates “in areas that aren’t necessarily productive” and 

make it difficult to implement appropriate regulations (Interview 21). 

 

Similarly, an interviewed scientist expressed intense frustration that “there is no adult in the room 

giving the true story” and said that media dynamics lead to both promises and dangers being over-

hyped (Interview 23). As part of these dynamics, in relation to the use of nanomaterials in 

cosmetics and sunscreens, ACCORD (the industry association for Australasian Consumer, Cosmetic, 
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Hygiene and Specialty Products Industry) recently described FoEA’s campaign as “scaremongering” 

(ACCORD, 2010). Further, FoEA is perceived as becoming more extreme over-time: 

 

What I have heard said about their latest report [on climate change and energy security, 

which aims to debunk industry promises of solutions to environmental problems] is that 

they let the science fall away completely to take very much an ideological position. For 

some people it had really hurt their brand as an effective and engaged activist group 

because they’d lost credibility by not supporting their argument with the science. That is 

the noise I’m hearing. (Interview 4 – industry development consultant) 

 

One related recent change by the Federal government is a shift from ‘upstream’ to ‘midstream’ 

forms of public engagement activities. Midstream engagement focusses on “actual emerging 

applications”, uses different formats (e.g. smaller mini-forums) and targets new groups such as 

currently unengaged audiences (Interview 11 – public sector). However, such a shift is also likely to 

spark the concerns of critics who want additional ‘upstream’ power and, furthermore, question 

the overall nanotechnology project. These quotes highlight this: 

 

One of things we’ve wanted to really challenge is this idea that we need nano. (Interview 5 

– civil society) 

 

 When it comes to making decisions about technological uptake we should work towards a 

conscious, democratic, deliberative process in which people could say ‘actually we would 

be happier without it’ or alternatively ‘we want it in medicine but we don’t want it in 

weapons systems’. (Interview 1 – other academic [ethicist]) 

 

I think that the community needs to gain more control over research priorities. Distortions 

in the systems where you have NETS [National Enabling Technologies Strategy] and other 

promotional activities picking winners, as governments do, is not in the public’s interest 

either. But that’s what NETS is doing – picking GM and nanotechnology as winners. 

(Interview 3 – civil society) 

 

They [critics and activists in the organic sector+ are saying we don’t like this general 

approach which has got us into this problem. What is wrong with a naturally grown 

broccoli? What is wrong with a normal zinc oxide sunscreen? Why do we have to keep 

tinkering with nature? Something might go wrong. (Interview 9 – civil society) 
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Promise interests and the public interest: multiple roles for policymakers 

As noted in the previous chapter another potential promises regime drawback is ambivalent roles 

for policy-makers, which focus both on “promoting the specific interests around the 

technoscientific promises” as promising, early stage, areas need to be carefully nurtured and 

“taking the public interest into account” (Felt & Wynne et al., 2007). Statements by public sector 

actors indicate tension between these promotional and oversight roles played by government. For 

example, a Ministerial advisor described a “central dilemma” being faced: 

 

Then there is the opportunity that nanotechnology offers in terms of using Australian 

research to generate more knowledge-intensive jobs, competitive advantage, increase 

exports, and so on. It could also help, say, to provide better technologies with respect to 

climate change. This drives growth. On the other hand it has to be safe. That’s the central 

dilemma. (Interview 13) 

 

This advisor also used the analogy of “finding a way through the maze” to describe this and the 

dual aim of securing upsides whilst addressing safety considerations (Interview 13).  Another 

government interviewee referred to the dilemma as the “duality to it” and “hard bit” (Interview 

14). This ‘duality’ is reflected in the stated intention to take a ‘balanced’ approach (Australian 

Government, 2008, 2010c). In line with these views, Minister Carr (2010) recently asserted that 

“I’m about achieving the highest possible degree of material progress we can – consistent with our 

obligations to protect the environment, and the wellbeing of individuals and communities” and “it 

is these values and aspirations that define my attitude to new technologies, including 

nanotechnology”. The government expects NETS to: “give us an effective regulatory framework 

that will enable us to manage the impact of enabling technologies on health, safety and the 

environment without unreasonably inhibiting innovation”; “make Australia more competitive”; 

and “build public confidence” [Emphasis added] (Carr, 2010). 

 

These multiple, potentially competing, roles played by policymakers may be an important 

contributor to contrasting assessments provided of the government’s activities. On the one hand, 

proponents and those in industry tend to argue that the government is too focussed on risks, on 

the ‘defensive’ and that, overall, “delivery on their rhetoric is not there” (Interview 7). On the 

other hand critics argued that the government is too “gung-ho”. For example: 

 



71 
 

  

If you were to sort of create an index for bold engagement, there is bold engagement with 

the exploration of the pure science and the technological deployment. That burns at a 

very bright flame. The issues around ethical questions are much cooler. It is there but it is 

not matched with an equal passion or concern. (Interview 16 – ethicist) 

 

All I ever hear is the [nanotechnology] hype... If you look at the process we have gone 

through over the last couple of years to try to get proper, participatory involvement of 

stakeholders – not only NGOs, but health professionals, and research communities – we 

were pushing uphill all the time basically because the government was not particularly 

interested in negative views. [Emphasis added] (Interview 15 – civil society) 

 

There is a serious mismatch that, on the one hand, the Minister and so on will talk about 

the great benefits of nanotechnology but all they will ever do at the detail level is fund 

research into the OH&S implications and social implications. Now the problem with that is 

that you won’t get the benefits. All you will do is manage the downside. (Interview 6 – 

former proponent) 

 

There has never been a concerted push to setup some sort of national strategy. The focus 

of the initiative that was setup in this country seems to be very much more about public 

education and looking at the potential dangers of nanotechnology. (Interview 17 – 

scientist) 

 

Linked with this, critical NGOs have argued that governments, as the current major supporter of 

nanotechnology, have conflicts of interest. They contend that such conflicts have compromised 

consultation, public education and risk assessment activities (e.g. Friends of the Earth Australia, 

2009; Miller & Scrinis, 2010). Additionally, as noted in the previous chapter, some STS scholars 

argue that that if the promises regime becomes hegemonic it will be opposed (Felt & Wynne et al., 

2007, p. 27). Such responses are clear in these remarks: 

 

At the moment that there is a potential backlash I think, in Australia at least, to that. There 

are lots of research leaders in the country who think we’ve gone too far... History tells us 

that much of the very significant research that has led to wonderful outcomes would have 

failed the current tests of usefulness. (Interview 7 – scientist) 

 

Because people keep telling us how wonderful our lives are going to be when this stuff 

comes into existence or, alternatively, how much they’re going to be changed, it seems to 

me that actually we should make these sorts of decisions precisely by thinking about what 

sort of society we wish to live in and are these technologies going to bring us closer to it or 

make it further away. (Interview 1 – ethicist) 
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Similar to this last quote, FoEA’s Miller (2008c), in a letter sent to Minister Carr, advocated a 

radical shift in how science and technology policies and research priorities are determined. Miller 

(2008c) called for the creation of new mechanisms that enable “genuine public involvement” in 

decision-making, citing the frequently predicted “widespread and disruptive change” from 

nanotechnology as a key reason why this should be supported. 

  

Diverse interviewees, both public sector and civil society, also raised concerns about the promises 

regime’s re-introduction of the ‘linear model’ of innovation. Activists and public sector employees 

alike described nanotechnology as being ‘a solution looking for a problem’ (e.g. Interviews 2, 12), 

with critical activists and academics also making related remarks on the perceived ‘pushing’ of 

nanotechnology (Interview 15, 19). A senior public sector interviewee further noted the tendency 

exhibited in the commercialisation of emerging technologies to first develop a new technology and 

then starting looking for a market for it, rather than being driven by an understanding of market 

and contextual needs (Interview 12). This interviewee further argued that in Australia “we have a 

total disconnect between science and technology and areas of innovation” and “nowhere in this 

county” is there a “clear statement” of what nanotechnology is/could be important for as have 

been produced in other contexts [Emphasis added]. Furthermore, according to this interviewee, 

“we are [still] yet to define our specific focus in nanotechnology”. 

 

3.3.4 Contested expectations, nanotechnology assessments and aspirations 

 

As described below, competing expectations and assessments of nanotechnology, its promises, 

and governance requirements also emerge from the data collected. The differences in views are 

particularly stark regarding potential environmental effects – consistent with the sustainability-

oriented contestation noted in the introduction – which can be interpreted via ‘environmental 

discourses’ (Dryzek, 2005; also see the outline provided in Appendix 3). 

 

Contrasting expectations of risks and benefits from nanotechnologies 

Contested, contrasting expectations about the potential of nanotechnology have developed and 

been circulated. The counter-claims of critical ENGOs and activists have helped put risk 
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expectations, especially for nanomaterials, on policy agendas. Importantly, relative disputing of 

benefits counter-posed with a relative certainty about potential negative implications is expressed 

by most critics (the opposite of proponents), as illustrated in the following quotations: 

 

There are quite well documented risks for humans and animals of exposure to 

nanoparticles. On the flipside of that there is a whole bunch of claims that nanotechnology 

will usher in a new era of eco-efficiency minimising the environmental impact of 

traditionally polluting industrial processes. I think that stuff is really quite overblown.  I was 

just reading an article looking at energy efficiency and increasingly it is being realised that 

there is a dampening effect, if not a ‘rebound’ or ‘backfire’ effect even, in terms of energy 

efficiency. What people are finding is that energy efficiency programs do not result in 

decreased demand and consumption of electricity. They just result in increased 

production. The cost savings from efficiency improvements are just ploughed back into 

increased production. So you don’t see a net environmental benefit. I think that dynamic 

will true for nanotechnology. Maybe we will be able to make something more efficiently, 

but it will just mean that we’ll make more of it. [Emphasis added] (Interview 18 – civil 

society) 

 

There may be environmental impacts that shift landscapes, shift ecosystems in ways that 

we can’t understand and that we can’t undo. So I think the consequences of these 

technologies remain little understood, and I think that is the big point, that we still have so 

little understanding about the medium and long-term implications of this technology. But 

yeah I think they do potentially bring profound implications. I would use the word 

transformational to ecological systems. So that’s the negative way, I guess, way in which 

the kind of implications of this suite of technologies might bring changes. But I think at the 

same time that from a PR perspective the corporate sector which is obviously a key player, 

along with corporate-government alliances, in driving forward nanotechnology research 

and development and commercialisation have really captured this kind-of narrative that 

this is positive, transformative stuff, and it’s got such momentum, those kind of claims, 

and it’s those claims that then form the basis of cycles of lets invest more and more 

because we’ve got this utopia coming if we can just get the technology right... The claims 

are made but again I would say that we just don’t have the evidence to back that up and, if 

anything, what we see is that there is a lot of stuff being commercialised that contains 

nanoparticles that is far from transformative. [Emphasis added] (Interview 19 – academic) 

 

The latter interviewee – focussing on current and potential food and agriculture applications – 

added, “I think some of spiralling consequences of the release of these particles into ecosystems, 

into human bodies, are potentially incredibly radical and remain little understood” (Interview 19 – 

academic). Similarly, another critic stated “I think that a lot of the ways that nano will be 
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transformative is in the entrenching of existing [negative] trends” (Interview 5 – civil society). 

Interviewed scientists and academics viewed the risks of nanotechnology and management issues 

very differently. One simply stated “nano is manageable and any new technology is manageable” 

(Interview 29 – scientist); other scientists and experts tended to agree: 

 

I would prefer it if some of the groups putting up red flags also acknowledged some of the 

toxicology studies that have been done around the evidence for the potential downsides 

for nanoscience, particularly in the health area. I think there needs to be a little bit calmer 

discussion. So with the introduction of nanoparticles into a whole range of consumer 

products, for example, there is no regulatory exemption for these products – they are 

introduced under the same control systems. (Interview 7 – scientist) 

 

There have been significant cases where we have made mistakes and they’ve had dire 

consequences such as certain types of pesticides. Or you could even look at our Murray-

Darling Basin which we’ve buggered up due to excessive irrigation. With all these things 

we learn. There are risks, there is no question of that, but the beauty of nanotechnology is 

that companies – and I deal with these firms – have enormous steps now to ensure safety. 

Any product that comes out now involving some new chemical or some new material they 

have to go through enormous rigorous procedures. (Interview 8 – scientist) 

 

I think at the end of the day nanotech is going to have a phenomenal benefit to society – I 

think 98% of it is going to be safe and not pose a problem to human or environmental 

health and safety. These figures are completely unscientific, but I think the majority of it is 

safe and exciting and going to have a positive impact.  There is a small area that we need 

to be concerned about. (Interview 21 – other academic) 

 

Involved scientists would, of course, be expected to be more positive. However, most scientists 

were fairly bemused by risk concerns. For example, one stated “the only thing the negative people 

have to say is sunscreens and cosmetics... [but] there is no evidence, there has been no concrete 

evidence, to actually say that any of these products are dangerous” (Interview 27), adding: 

 

The negative side is not proven other than the fact that fibres of the wrong size and shape 

like asbestos, for example, are known to have negative health impacts but there is no 

proof that putting small particles under your skin will ever have any effect at all. I mean 

there have been studies to show that they do cross cell membranes and things but there is 

no evidence to show there is any bad effect of that happening (Interview 27). 
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In contrast to the statements of critics regarding nanotechnology’s claimed ‘transformative 

potential’, interviewed scientists tended to argue that there is evidence for this prediction, 

although they also expressed concerns about over-blown claims. The above scientist argued 

nanotechnology is primarily “a way of thinking that holds great potential”, adding “the things that 

will help us the most, I think, are that now we’ve started thinking about things on the nanoscale 

more intensely and we’ve started developing techniques and, more importantly, we’ve got tools 

now that allow us to really understand things on that scale... that has opened up that area in the 

middle in-between chemistry and engineering” (Interview 27). Specifically, regarding the claims 

being made about ‘transformative potential’, this scientist remarked: 

 

Yeah look it’s hard to know... to say that it is going to be totally transformative is probably 

taking it a little bit too far. 
 

Interviewer: Which is how people often talk about it, in terms of the rhetoric... 

They do, they do... well I don’t know how far you go to try to define ‘transformative’ but to 

compare it to, I don’t know, the IT revolution – that’s been absolutely transformative on 

the way that we communicate – I don’t see it being on that sort of scale. But I do see it 

having a great effect on, say, for example, some product areas. I’d say healthcare is one of 

them because there are various things in it for which this scale will be incredible helpful 

like drug delivery methods, such as injection free technology, things to do with bone 

repair and that sort of thing, there are lots of areas like that where I think it will really 

important. There are other fields, even lighting, displays, and solar photovoltaics based on 

organic molecules which I would put in the scale of nanotechnology because it is about 

the way they assemble and not just the molecules you use. Things like that I would say will 

have a really big benefit in the future. (Interview 27) 

 

Another scientist stated the following when asked about the ‘transformative potential’: 

 

What I do is consider whether there is evidence for beneficial outcomes or is there not. I 

can tell you in the energy conversion area, for example, if I want to use a solar cell based 

on a particular inorganic semiconductor if I use those particles that are right down at the 

nanomaterials and nanoparticle size domain they give me much higher energy conversion 

efficiency than the bigger particles. So I can say quite explicitly to you that in terms of solar 

energy cells major benefits are going to come from using nanoparticles in those systems. 

That’s not me being a believer or non-believer that’s me saying I’ve got scientific evidence 

to that effect. If I consider some of the marketing stuff for products on the market at the 

moment, say in sunscreens which is a very early health-type application for nanoscience 

yes there is clear scientific evidence that the smaller nanoparticles in the zinc cream are 

more effective than larger particles... there is really good, strong evidence that 
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nanosystems can have major effects in not only in energy treatment, but also areas like 

healthcare and industry paint systems which I’m aware are very different and have new 

properties. [Emphasis added] (Interview 7 – scientist) 

 

Some interviewee statements on the claimed potential also indicated ambivalence and the need 

to try to see through hype in making such assessments, e.g. 

 

It does have the potential, but also a little bit of hype as well I’d say. As I said, do we really 

need socks that we don’t wash for two weeks? I don’t know... If you look at coatings for 

glass that dirt rubs off, I mean, is that a good thing? Probably, because then we’re not 

using chemicals and not using warm water during water shortages to scrub then, but I 

guess there is a bit of hype. If you’re looking in the medical field, then yes. Then again 

maybe in food packaging... If we can keep our produce fresh longer and keep the nutrients 

in, they’re predicting a shortage of food, surely that has to be considered 

transformational. (Interview 20 – industry development) 

 

Yeah there is the potential but, at the same time, it depends how you define 

‘transformative’. Sometimes people can use that sort of terminology bit loosely. I would 

say that nanotechnology is certainly a technology of the future and a lot of opportunities 

for manipulating matter at the nanoscale will lead to some new opportunities for 

developing novel technologies that were not possible in the past, for example. How much 

of that is going to be ‘transformative’? How much is going to be ‘standard’, if you will, 

progress towards development of new technologies? ... I mean I’m an optimist, and 

certainly this technology has a lot to offer, but at the same time is everything it has to 

offer going to be ‘transformative’? It may not necessarily be the case. (Interview 26 – 

scientist) 

 

Competing, conflicting expectations were also shaped by broader ‘techno-optimism’ or ‘techno-

pessimism’, as well as actor interests: neither major risks nor major benefits are currently proven. 

For a Federal public sector interviewee, conflicting perspectives point to underlying ideological 

conflict that is “partly about what they feel the role of technology is and how important they feel 

the roles technology plays is in society are” and related to worldviews (Interview 2; also see 

discussion of promises and imaginaries below). This view is supported by the underlying positions 

of the civil society groups that are highly engaged in debates, which tend to be skeptical of techno-

fixes and the capacity of society to manage the hazards associated with the introduction of new 

technologies and chemicals, and/or have wider agendas which are expressed in nanotechnology 
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debates.38 To paraphrase Williams (2006), these are groups that wish to play greater roles in the 

‘spaces’ in which technological promises and futures are negotiated. 

 

Contrasting assessments of the nanotechnology promise 

Critics, unsurprisingly, viewed promises made about nanotechnology extremely skeptically. These 

promises were seen as the delivering of a future “techno-utopia” (e.g. Interviews 5, 18, 19), with 

“proponents of nano making [related] claims of addressing the challenging social and 

environmental problems we face” (Interview 19 – academic). Critics also used language like “false 

promises” and pointed to ‘meta’ false promises they believe need challenging, such as “that we 

need it” and that nanotechnology “is inevitable”.  The faith that activists campaigning on climate 

change often place in technological solutions was also criticised, in addition to the optimism of 

proponents (Interview 5 – civil society). These quotes capture the perspective: 

 

A lot the ways that nanotech is mooted to be transformative are really overstated. There is 

a lot of ‘blue sky’ forecasting... new technologies come a bunch of promises and I think a 

lot of the promises are very utopian and will fail to be realised. (Interview 5 – civil society) 

 

I think that life will go on pretty much the same... Because I’m a skeptic I think the things 

nanotechnology would need to be capable of to generate really fundamentally new 

implications would have to be the stuff I think is wizardry and fantasy, such as the kind-of 

‘smart dust’ that will turn into a ‘magic carpet’ for you. Our electronic devices will become 

smaller, surveillance will become ubiquitous, and so on, but that’s all pretty familiar stuff. 

[Emphasis added] (Interview 1 – ethicist) 

 

An industry development consultant also questioned the distinctiveness of nanotechnology 

promises, echoing the analysis of Nordmann and Schwarz (2010) noted in the last chapter. This 

actor reflected on the shift away from ‘molecular manufacturing’ and ‘self-assembly’ visions, 

stating “to me this is the only thing that is specifically nano” (Interview 4), adding: 

 

If you think about the other things that nano might do such as cure cancer that is a 

biotechnology or medical thing, and you can think of all the other promises of medicine, 

                                                             
38 The highly-engaged groups in Australia include Friends of the Earth Australia, National Toxics Network, and Biological 
Farmers of Australia. Other major, more “mainstream”, ENGOs have not engaged in nanotechnology debates. 
Internationally, group like ETC Group, Environmental Defence Fund, IPEN (International POPs Elimination Network), 
European Environmental Bureau (EEB), and Center for International Environmental Law are highly engaged in 
nanotechnology debates. Nanotechnology, within the context of emerging technologies, was also discussed at the 
recent World Social Forum (Interview 19). 



78 
 

  

nano won’t do any of that by itself. If you think about cleantech and climate change 

solutions, again, it is not nano that is doing that, it is a portfolio of things that come 

together. So it is not the fact that you’re using carbon nanotubes in wind turbines. Do you 

know what I mean? ...everything else is because nanotechnology is connected to other 

things. 

 

The same interviewee later remarked that: 

 

If you ask what nanotechnology will lead to [in the future], apart from the molecular 

manufacturing or ‘grey goo’ scenarios it is not clear. 
 

Interviewer: Is it like a generic technological trajectory then? 

Yeah, but you can’t really say specifically where nanotechnology is going. All you’re really 

doing is [imagining] a further iteration on what is currently available. So in clothing you 

might generate a new set of clothes which never goes smelly and for stain release. 

(Interview 4 – industry development consultant) 

 

Importantly, the related lack of unique drivers was expressed by a senior public servant:  

 

Some of the appeal of nanotechnology is that it is presented as having benefits in a 

number of different ways, whether that be in the technology itself – such as in downsizing 

and making things smaller and largely more efficient – or in addressing some issues in 

relation to climate change and the environment, water conservation, and those sorts of 

issues. All of those issues are in the zeitgeist at the moment and, I guess, collectively they 

are a driver for nanotechnology but I don’t think there is one particular, crucial social want 

or need at the beginning of the twenty first century that is driving demand for 

nanotechnology. I think it essentially comes down to issues or drivers for competitiveness 

and efficiency and those sorts of things. [Emphasis added] (Interview 14 – public sector) 

 

The skepticism expressed by nanotechnology critics provides a lead-in to other assessments of the 

nanotechnology promise and related divergent desired responses to societal problems. Like 

Nordmann and Schwarz (2010), a critic argued that the open-ended promises tended to be 

constructed in such a way that “you can’t say no” (Interview 19 – academic). This critic added that 

“the challenges that nano is frequently positioned as addressing” are “the big challenges”, but 

advocated a radically different approach that enables “people themselves to be involved in the 

processes of thinking about what a sustainable, what an ecologically just world might look like, 

that is also socially just, that is also rethinking this idea of unlimited economic growth” (Interview 

19 – academic). This interviewee argued that “it seems to me that we have new technologies and 
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then we try to jam them to fit the problem” rather than beginning with such problems and having 

“democratic conversations” about how they could be addressed (Interview 19).39 Other critical 

actors viewed the umbrella promises negatively in relation to sustainability issues: 

 

We don’t need to wait for nanotechnology to come up with magic solutions in 15-20 years 

time, which will probably be too late anyway. The other angle is geoengineering. I have 

significant concerns about the application of nanotech in geoengineering...  I think it 

[nanotechnology] is irrelevant to addressing climate change. [Emphasis added] (Interview 

18)40 

 

I’m concerned with the idea that having more stuff, new things, is going to be good for the 

environment because the nature of the environmental crisis means that we need to have 

zero economic growth. We actually need to stop buying new things, so no one is going to 

be able to say that ‘here is a new better thing, throw out your existing things and buy my 

new thing and this will save the environment’. That’s bulls**t, what we need to do is stop 

manufacturing and consuming new sh*t and learn how to live in a way that is not 

premised on continuing economic growth. It seems to me that nanotechnology is just part 

of a cycle of manufacturing and consumption... 
 

Interviewer: How did you come to form these views? 

It is largely a sense that the environmental crisis is not a function of technology so much as 

social systems and economic relations, and that we need to have a ‘steady state 

civilisation’ that operates at a much lower level of demand on ecosystem resources than 

we currently do. No new set of products is going to achieve that and, in fact, the idea that 

they will is preventing us from addressing the real crisis. So if some techno-fantasist tells 

me not to worry about global warming because we’re going to put nano-thin shade cloth 

over the earth – and there are pseudo-serious proposals for this – or pump sulphur 

dioxide into the atmosphere to initiate global cooling what I think to myself is you are an 

agent of the coal companies, this is a way of stopping us from looking at what is going on, 

and selling us a story about why we need to do nothing and buy more. It is because my 

analysis of the nature of the environmental crisis that I think a cunning manufacturing 

technology is not going to solve it. [Emphasis added] (Interview 1 – ethicist) 

 

The typical ones [concerns about nanotechnology] are public health, safety – including 

occupational health and safety, and environmental impacts – but I think it goes much 

                                                             
39 Interestingly a public sector interviewee expressed similar concerns about linear approach (argued to be dominant) 
and argued that “rather than going from a technology, which has a potential trying to find a problem to solve” a 
‘problem-centred approach’ should be used: “fully articulate the problem first and then ask what do we need to solve 
that?” (Interview 12) 
40 This interviewee critically described the central vision, “whether people articulate it or not that probably drives a lot of 
folk”, as “the cutting-edge pursuit of comfort” and “probably a drive towards a techno-utopian vision of society” 
(Interview 18). 
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further than that. Society is entering a very different phase with the end of oil, climate 

change, and other things like the end of phosphates for agricultural fertilizers... I’m more 

interested in finding systems for solving or meeting the needs of human society, than I am 

being fascinated by the potential of new technologies, and working in harmony with 

nature rather than against it. Nanotechnology makes a lot of very big promises but if our 

infrastructure and our basic ways of organising ourselves are falling to bits because 

resources are running out and becoming astronomically expensive as they will over the 

century, then will these technologies do more than just deliver more power and control 

into the hands of political and ruling elites or will they actually service the public interest? I 

very much doubt that the public interest is served by the direction of this technology and 

the sort of society it promulgates. [Emphasis added] (Interview 3 – civil society) 

 

When we’re up against the ecological limits to growth that are so obvious in so many 

areas nanotechnology is being presented as a way to be able to continue ‘business as 

usual’ but with a much reduced environmental footprint. We think that this is a false 

promise and a distraction from the main game. (Interview 5 – civil society)41 

 

The above interviewee further contended that “nano fits very much in that approach where we 

hear technologies mooted as the solution to a whole bunch of problems that have at their basis 

social or economic causes” – an approach described as reductionist, centrally adopting ‘techno-

fixes’, which could, for example, “lead to the advocacy of reductionist responses [to climate 

change] such as using nanoparticles for ocean fertilisation (geo-engineering) which attempts to 

sequester carbon dioxide into the ocean” (Interview 5). 

 

Whilst some critics expressed specific concerns about the increased use of nanoparticles and 

nanomaterials, narratives linking nanotechnology to broad societal problems (e.g. climate change) 

emerged as a central concern. An ethicist went so far as to describe the “green pitch” (as it was 

described) as “laughable” and “kind of a snow job” (Interview 1 – ethicist). For some critics, 

today’s emerging nanotechnologies also make the promises less credible – as seen in an earlier 

section (3.3.3). One such critic, for example, compared the “hundreds of applications of products 

[using nanoparticles] in the food storage sector that are about reducing food spoilage” and the 

perceived promise of “feeding the world’s hungry” (Interview 19 – academic). 

 

In contrast, a public sector interviewee noted that the Government’s commitment to 

                                                             
41This interviewee further contended that “decoupling of growth from resource consumption” is the “ultimate promise”. 
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nanotechnology “particularly refers to its potential to address some of the ‘grand challenges’ that 

face us such as climate change” (Interview 2 – public sector). Reflecting this position, Minister Carr 

(2008b) has argued that there are “technological solutions to the problems created by technology” 

– which is how Minister Carr views climate change – and that related investment in “public sector 

research has the power to drive innovation” (Carr, 2009b). In his opening to a major stakeholder 

engagement forum in 2008 the Minister similarly argued “Australia is a small country facing great 

challenges” and shared his vision in which these are addressed: 

 

I have a vision of our country, ten, twenty or thirty years from now. We are a prosperous 

society, which has survived the many challenges of the early twenty-first century 

extremely well. We have succeeded by adapting to a changing climate, a changing 

international marketplace, and a changing global culture. We are a society that is more 

equitable – a society in which all citizens are valued and all have a share in the country’s 

prosperity. We have achieved our success by working together and drawing strength from 

our diversity. We have achieved it by building innovative industries that are cleaner and 

more environmentally friendly. Industries that deliver better health, higher standards of 

living, and answers to problems that today seem insoluble. These industries of the future 

will be based on the convergence of biotechnology, nanotechnology, information 

technology and cognitive technologies. Together, these technologies will give us new 

materials, new ways to produce clean energy, new medicines, new computers – even new 

ways to unlock the potential of human beings (Carr, 2008a). 

 

Many interviewed scientists voiced related ‘hopes’ for nanotechnology development, e.g.: 

 

The whole idea behind nanotechnology is to reduce the ‘footprint’… the whole idea is to 

say, hang on we’re not going to ask everyone to give up their consumer way of life – which 

is not going to happen, right? Let’s face it. The idea is we can tackle it by coming up with 

technologies that have a much smaller [environmental] ‘footprint’. (Interview 17 – 

scientist) 

 

My personal view is that I think we can really make inroads into solutions for better 

energy sources and I fervently want that to happen rather than nuclear reactors or 

anything being built, and through nanomaterials and enabling technologies I see that this 

is coming a step closer. [Emphasis added] (Interview 29 – scientist) 

 

In the context of green it [nanotechnology] opens doors... It has scope for solutions that 

we wouldn’t have imagined before. The reason for that is because we can create 

properties that are optimised for the function we want to do. So basically you envisage say 

some function, might even be a big [macro] scale function like hardness or wear – but it 
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my case it is very much spectral, thermal and lighting properties of things – and in that 

context what you want to do is you want to optimise your interface with the natural 

environment. Nano does this more than other materials that we have at our disposal. 

[Emphasis added] (Interview 8 – scientist) 

 

This last scientist further argued “that nano creates the ability to do some of these things at low 

cost on large scale which is what we have to do – whether it is paints on the roof, or windows on 

the buildings, or solar cells and so forth” so we “optimise our use of particular parts of the solar 

spectrum and so on”, framing such new technologies as being centrally about “making the most of 

what nature, the sun, the atmosphere, where we are on the planet, the world environment, has to 

offer” (interview 8). Another scientist provided the following assessment: 

 

I think the promise, to use your term, of nanotechnology is really quite broad, or really 

quite significant, because the field is so broad. By taking these new approaches to 

designing materials or optoelectronic devices, or whatever, we can touch on so many 

different parts of our technology base from medical science, for instance making new 

kinds of nanoparticles that allow in-vivo imaging in a way we haven’t been able to do 

before with sub-cellular resolution, through to new devices for communication and 

computation that are enabled by the small size scales associated with nano-structured 

materials and devices. The breadth of the field and the facts we have seen benefits in so 

many different fields of science associated with nanoscience really is what points to the 

significant promise for me. (Interview 23 – scientist) 

 

The above perspectives, which clearly motivate action by lead actors in nanotechnology debates, 

powerfully underline both how expectations are performative and the stark differences in views. 

These views – and associated desired responses to ‘nanotechnology’ – may be underwritten by 

broader sociotechnical imaginaries (as per Jasanoff & Kim, 2009). The views of policymakers and 

critical actors, in particular, can be further considered this way. 

 

Competing sociotechnical imaginaries 

A central national sociotechnical imaginary – as expressed in public statements (e.g. Chubb, 2011), 

policies, and interviews – links nanotechnology with economic, social and political objectives. 

Public sector interviewees clearly positioned nanotechnology within the Labor government’s 

approach to economic strategy and as connected to important manufacturing interests (Interviews 

12, 13, 14, 20, 22, 25). The amount of spending on research and development in this area by other 
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countries – such as in Asia – and related threats to Australian interests if others nations surge 

ahead were also frequently noted. Linked with this, Minister Carr justified increasing spending on 

research and innovation by arguing that Australia must win “the race to the top”, adding “we will 

never be the world’s cheapest producer — even if we wanted to be — so we must aim at being 

the smartest” (Carr, 2009a). Similar views were expressed by a former proponent who has “always 

been interested in trying to create new industries for Australia” and “using our intellectual capital 

and not just making bloody iron ore or coal” (Interview 22) and some scientists: 

 

For Australia it is very important that we move towards high value-added technologies and 

also high value-added industries rather than digging the soil and then selling it and hoping 

that this will keep us going for another 100 years. There are limited resources which are 

available. That’s why technologies like this need to be pursued and then translated into 

new industries” *emphasis added+ (Interview 26 - scientist). 

 

Critical actors, in contrast, seek and promote alternatives to futures based on “cutting edge, 

reductionist technologies” (Interview 5). For example, “in response to climate change a systemic 

approach would involve questioning the energy demands of production and consumption, not just 

focus on trying to develop new energy sources” and challenging notions of “limitless [economic] 

growth” (interview 5). This includes ‘systemic’ changes (e.g. towards post-growth economies), 

adopting non-technological options for addressing environmental and social challenges (e.g. major 

behavioural changes) and being open to simpler technologies, and adopting more decentralised 

solutions (e.g. for food and energy). Such imaginaries, along with associated aspirations for 

governance and other dimensions, are contrasted in Table 11 below: 

 

Table 11: Competing socio-technical imaginaries articulated by lead actors 

Elements Dominant national imaginary 
(articulated by political actors) 

Alternative socio-technical imaginary          
(articulated by interviewed critical actors) 

Desirable futures  A ‘sustainable advanced economy’: i.e. 
growth of new knowledge-intensive 
jobs, retaining and developing ‘high-
skill and high-wage’ jobs, etc 

 Maintain/improve our living standards 
whilst addressing ‘grand challenges’ 

 Openness to simpler technologies and more 
decentralised solutions, delivering both 
environmental and social justice outcomes 

 Technological and non-technological changes 
(e.g. behavioural, systemic changes, etc) 

Undesirable 
futures (fears) 

 Loss of national competitiveness 

 Shrinking manufacturing sector 

 Government supported programs 
found later to be unsafe (e.g. risks) 

 Opportunity costs: ‘eggs in wrong basket’, 
distracts from socio-political changes 

 Net impacts i.e. over the whole ‘life-cycle’ 

 Expansion in production and consumption 
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Elements Dominant national imaginary 
(articulated by political actors) 

Alternative socio-technical imaginary          
(articulated by interviewed critical actors) 

Expected key 
role(s)  and 
impacts 

 Important new technological solutions 
‘to problems created by technology’ 

 Helping to address ‘grand challenges’ 
through science-based responses 

 Productivity improvement 

 Support existing unsustainable industries 
(e.g. oil and gas) as well as new industries 

 Facilitate reductionist response to problems 

 Greater ‘net’ environmental/climate impact 
from the adoption of nanotechnologies 

Funding ideal   Drive innovation across the economy  Social good/public interest research focus 
Participation and 
governance ideals 

 Avoid a GM food style backlash (i.e. 
anticipate and avoid objections) 

 ‘Responsible development’ 

 Democratising science: non-experts have 
active roles in science policy and decisions 

  Precautionary and accountable oversight 
Importance of 
‘frontier’ 
technologies 

 Very high 

 ‘Building and transforming Australian 
industries’ (see research priorities) 

 Low: socio-economic change more important 

 Less faith placed in technology 

Overall framing of 
nanotechnology 

 ‘Infrastructural’/’enabling’ technology  Adoption of more reductionist approach to 
science/technology and solutions 

 

As discussed in the previous chapter imaginaries and assessments of promises appear to be 

shaped and informed by different social discourses of environmental concerns. In line with this the 

remarks of activists indicate that broader concerns animate ‘nano’ debates, e.g.: 

 

There are some issues that are kind of specific to nano, but on the whole one of my main 

concerns is about the opportunity cost of investment in such fields, not just nano but bio 

[biotechnology], synbio [synthetic biology], and some other fields as well, and are we 

putting all our eggs in the wrong basket. Although we have some concerns that are 

specific to nanotechnology, we have concerns about the opportunity cost of investing in 

reductionist technologies such as nanotechnology, synthetic biology and other fields (for 

example geo-engineering). [Emphasis added] (Interview 5 – civil society) 

 

There are all sorts of promises being made about what might be deliverable [in agricultural 

production] through the convergence of synthetic biology and, or GE and nano, and I think 

the potential for compounding implications [from such potential convergences] is really 

important and needs to be looked at further. (Interview 19 – academic) 

 

Similarly, nanotechnology was described as a “great sort-of flag raiser” for issues that are not, 

generally, unique to it, such as product life-cycle and occupational health and safety (OH&S) issues 

and providing a “framework for those discussions” (Interview 24 – industrial scientist). 

 

Conflicting nanotechnology governance aspirations 

Imaginaries play a role in underpinning conflicting governance aspirations. As noted in the 

introductory chapter, the Federal government has recently sought ‘closure’ around a responsible 
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development framework and related measures (e.g. establishing stakeholder advisory councils), 

whereas critics seek a much broader agenda. Critical interviewees similarly viewed normative and 

environmental implications research as being left ‘undone’ in this approach (see also Hess, 2010). 

Such governance and science-society tensions remained mostly unresolved: 

 

One of the things they [Federal Government] keep coming out with, which drives us crazy, 

is that they see the whole gene technology stuff as a debacle and they reckon the problem 

was that they didn’t do the consultation process well enough. That is, not that there is a 

problem with gene technology, but that they mucked up the public participation and the 

problem was that the public got convinced by these weirdoes that there was a problem 

there and if they had managed the information process better then they wouldn’t have 

these problems. And it is a real concern that they’re thinking the same thing about 

nanotechnology. (Interview 28 – civil society) 

 

I think that one of the problems is that governance has too often been interpreted too 

narrowly as just being about risk regulation whereas we would suggest that governance is 

actually about the oversight of an area of research and development, looking at 

everything from the regulation of risk through to some of the broader regulatory and legal 

questions around privacy, intellectual property, choice and that kind of thing. More to the 

point, looking at things like where is the research money going, who is involved in 

decision-making, what role does government play, what educational materials are made 

available. (Interview 5 – civil society) 

 
They get that they need to be engaging with the public that it is not OK to just steam-roll 

this stuff out. But having said that I don’t think they get what effective public engagement 

looks like... (Interview 19 – academic) 

 

Related perceived ‘innovation governance’ gaps (Felt & Wynne et al., 2007) were articulated: 

 

One of the challenges that we see is really having a more rigorous discussion about the 

direction in which nano is travelling and whether or not, on balance, any of those [stated 

focal] problems will really be substantively ameliorated by nano. (Interview 5 – civil 

society) 

 

I just worry that it is head-long into it without adequate consideration and without 

adequate controls. The other real issue, even considering the benefits, is who gains from 

these? Will these advances, that should deliver really positive things for humanity, is it 

really going to happen or is it only going to be the rich and the companies that benefit so 

that the gap between the rich and poor widens? That is another thing that people aren’t 

really looking at. At a forum I attended a guy from Arup talked about how they’ve been 
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asking these sorts of questions, and nanotechnology is part of what they’re looking at. Not 

only nano but also other emerging technologies and how they can be used in a sustainable 

way. I don’t think government is really asking that, I don’t think industry is looking at that. 

(Interview 28 – civil society) 

 

As mentioned earlier a related shift towards ‘midstream’ engagement’ has recently been adopted; 

however, critical actors are increasingly dissatisfied with the engagement approaches being used 

(e.g. Interviews 1, 3, 5, 15, 19, 28). Further, another civil society interviewee, when asked if their 

concerns are getting addressed, remarked that “they’re getting a hearing, certainly, and I think 

that one of the positives at least of having a Labor government is at least you’re at the table, as 

they keep reminding us, but the negative is that our level of influence has decreased, because the 

imperative is there to promote Australia, deregulate and to remove barriers for industry and so 

on” *emphasis added+ (Interview 28 – civil society). Another critic described the new processes 

and committee mechanisms as “a slap in the face” (Interview 15 – civil society). 

 

In contrast to more radical, far-reaching governance agendas, a senior public sector employee 

believes a more ‘application-oriented’ (i.e. midstream engagement) approach is needed:  

 

My gut feeling is that you get away from a debate about whether we should or shouldn’t 

have nanotechnology, whether it should be open slather or it should be a moratorium, to 

more of an application based discussion.  Take, for example, nanomaterials which might 

appear in advanced batteries that allow low emissions vehicles to travel further. To what 

extent do we want to balance clean air with what we then do with these batteries in 

landfill 20 years down the track? People need to start to turn their minds to these sorts of 

issues and there are no easy options. The main take out is that, you know, people think 

that bureaucrats just go away and find the right answer and then off you go but for every 

solution there is a problem and its hard. [Emphasis added] (Interview 14 – public sector)  

 

Another Federal public sector employee expressed the expectation that public concerns about 

nanotechnology will significantly diminish over-time. This interviewee specifically stated “I think 

the staunch opponents will become marginalised and, in effect, stuck ‘in the trenches’ as the 

debate and evidence moves to new areas and they don’t move with it”, and pointed to the 

vaccination debate as an analogous situation (Interview 11). Furthermore: 

 

Discussions about nanotechnologies are really discussions about technology, generally, 

and potential new technologies – that ‘nano’ part is mostly irrelevant. It is hard to have a 
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focused conversation about nanotechnology with the public. I think that it will soon mostly 

become nonsensical to talk about nanotechnology; it will be subsumed by the context. For 

example, if we think about surveillance, and smaller nanoscale devices that enable this, 

people don’t want to be talking about nanotechnology per se, they want to talk about 

privacy and rights and invasions of privacy via technology.  For many public discussions the 

‘nano’ part is really only useful for referencing to a particular small scale and how 

properties change at that scale. [Emphasis added] (Interview 11 – public sector) 

 

Whilst the above statements highlight openness to more normative considerations, as well as the 

whole ‘life-cycle’ concerns expressed by scientists and activists, there remains the impression that 

concerns aren’t being taken seriously. For example, a civil society interviewee stated that “we’ve 

heard from around the traps that they’re actually saying to the Minister ‘don’t worry about the 

concerns of those people’ and saying these concerns are not founded in any facts”, and expressed 

the associated fear “that they are using this engagement and manipulating it just to support their 

views and to undermine what are really legitimate concerns... so there is a feeling that we’re being 

undermined” (Interview 28). Further, “one of the concerns I have is that government has this 

weird thing of wanting to broaden debate and so they go out to people [in engagement exercises] 

who know nothing about anything” (Interview 28). Another underlying governance conflict is how 

uncertainty should be handled. Critical actors point to what they see as the problematic absence 

of knowledge about potential risks and longer-term consequences. 

 

3.3.5 Increasingly contested closure around ‘nanotechnology’ 

 

‘Nanotechnology’ has not been stripped of its interpretative flexibility by ongoing attempts at 

‘closure’ (Bijker, 1995). As two scientists revealingly put it, “these discussions are always going on, 

you know, is it nano, or micro, or something in-between” (Interview 8) and “every department 

claims they are the ones that do the real nanoscience” (Interview 23). A related problem is 

“biotechnologists taking offense at nanotechnology and nanotechnologists taking offense at 

biotechnology, when they are all moving around in the same area” (Interview 30 – research 

commercialisation). Similarly, interviewees spoke about ‘nanotechnology’ in a wide range of ways. 

Some representative examples are provided in Table 12 below:  
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Table 12: Descriptions and definitions of ‘nanotechnology’ provided by interviewees (selected) 
Sector Definition/description provided by interviewee 

University-based 
scientists 

“It is the science of complexity achieved using nanostructures. Most of us in the 
game use a broad definition of individual structures under 100 nanometres, but 
they may manifest in all sorts of different ways. You might have a nanostructure 
on a micro particle with nanoparticles on it, for instance” (Interview 8) 
 

“Nanotechnology is engineering at the atomic and molecular scale and 
manipulation of matter at the atomic and molecular scale – being able to image 
matter at the atomic and molecular scale and functionalise these nano-structures 
to be able to really achieve goals and outcomes for a range of devices” (Interview 
26) 
 

“One self control I always use is that it needs to be in the nanometre dimension... 
But what we are really referring to are systems where size is a parameter that 
controls a whole range of measurable effects you might be targeting – whether it 
is the light absorption, electrical conversion, or permeation through membranes 
– and it is size that makes the difference” (Interview 7) 
 

“If you are talking about individual molecules then to me that’s chemistry and if 
you’re talking about very large structures in microns and above, then to me 
that’s engineering. So we’re talking about in-between where we’ve got 
molecules generally assembled into structures where the inherent size of those 
structures is of the order of 1 to maybe 100 nanometres so that’s how I would 
define it” [Emphasis added] (Interview 27) 

Civil society/activist “I view nanotechnology as a platform technology, which does enable 
convergence between different techno-scientific fields” (Interview 5) 

Research 
commercialisation 

“I think it is more evolutionary. I think the tools that are coming out of the 
nanotech science are enabling us to control better and to understand better the 
engineering things that we make” (Interview 24) 
 

“One of the keys to real nanotechnology in my view is ‘self-assembly’. It is real; 
we’re just really clumsy at doing it now. Self-assembly is actually the paradigm 
shift within nanotechnology, and we’re just starting to get it right. If you think 
about the miracle of photosynthesis that is a plant doing engineering that we are 
just incapable of, yet one day we ought to be capable of doing” (Interview 6; the 
interviewee argued too little work is focussed on this “real nanotechnology”) 

Academic (other) “If there is any such thing as nanotechnology it seems to me to be a scale 
question but it has to be such that you can no longer reliably do chemistry 
without doing physics. This means when new properties emerge from familiar 
materials due to the scale of the engineering. I’d want to emphasise the 
conscious control over those effects. It seems to me that if there is going to be a 
meaningful discussion of nanotechnology it should concentrate upon when 
people are deliberately engineering materials at a scale such that they are 
generating new properties through such control at a small scale” [Emphasis 
added] (Interview 1) 

Public sector “’Nanotechnology’ is such a constructed category and it is being kind-of 
reconstructed all the time...as we know there are a lot grey areas and a lot of 
areas that are now being described as nanotechnology that were previously 
being referred to as chemistry or paint and so on” (Interview 2) 
 

“We probably see nanotechnology more precisely as an enabling technology for 
other technologies... It is kind-of an infrastructural type technology” (Interview 
13) 

Source: Interviews 
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Interviewed scientists both challenged and advocated the ‘newness’ of nanotechnology. Most 

argued that ‘nanotechnology’ is mainly new terminology for pre-existing activities. In contrast, one 

senior scientist argued “earlier work was sort-of fortuitous in that we were getting new properties 

that we didn’t really understand” and asserted that nanotechnology is a “new frontier” (Interview 

8). Another scientist similarly argued that “doing bulk surface modification or doing some kind of 

chemical synthesis and claiming it is nanotechnology because of the size scales involved doesn’t 

get at what is really unique about the field” (Interview 23). Other lead actors expressed deep 

dissatisfaction with the creation and use of the term and its consequences: 

 

My view is that the word nanotechnology should never have been coined. It has a benefit 

and downsides. The benefit is that it actually helps to provide some focus on what you’re 

talking about and those types of thing. But on the other side when you create a term 

you’re basically creating a target. That target has two purposes – it is something you can 

aim for but it is also something you can shoot. [Emphasis added] (Interview 12 – public 

sector) 

 

It is not a useful term because it confuses small particles with porous systems, or with 

membranes, and they are all quite different technologies with different issues and 

benefits, different cost profiles and different business cases. I think it is meaningless. 

[Emphasis added] (Interview 4 – industry development consultant) 

 

Interviewee remarks further indicate the decline of nanotechnology as an umbrella term, as it is 

abandoned by scientists and others and more nuance emerges (e.g. distinguishing between 

functional nanomaterials, ‘top-down’ nanotechnology and ‘bottom-up’ processes): 

 

I think a lot of researchers have realised that describing their research as nanotechnology 

in some senses does not mean much. It is such a broad term that you’re actually you’re 

better off going back. What I do is still solid state physics... I [also] think what has 

happened is that sub-disciplines have fallen out of the broad term. [Emphasis added] 

(Interview 17 – scientist) 

 

I’m not at all wedded to the term nanotechnology. I really think that what we’re doing is 

materials science. That’s a term that I tend to use more and sometimes we put the word 

nano in front of it, so ‘nanomaterials’... The terms that I use a lot more now are materials 

science, and I use the term self-assembled structures a lot too. I think that is a much more 

important and useful concept. [Emphasis added] (Interview 27 – scientist) 

 

Nanotechnology is really about the convergence of a lot of disciplines and technologies 
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and will those new convergences be called nanotechnology or will they have whole new 

names? We are already seeing nanophotonics, nanobio, bionano, nanomedicine, 

nanofluidics, etc. I wouldn’t mind betting that you’ll begin seeing some completely new 

technology names start to transpire and nanotechnology will be one of those that quietly 

drift into the background. [Emphasis added] (Interview 30 – research commercialisation) 

 

I think that it will soon mostly become nonsensical to talk about nanotechnology 

(Interview 11 – public sector [Federal Government]) 

 

I’m sometimes quite ambivalent about nanotechnology. Because it is a focus of ours I 

wonder if it is helpful for us to be talking about nanotechnology (Interview 2 – public 

sector [Federal]) 

 

These perspectives appear to present the emerging destabilisation of ‘nanotechnology’ and 

associated social worlds. Communication problems are part of this, as many interviewees 

mentioned. The potential for public debates about particular nanotechnologies to stigmatise the 

entire set of technologies under the umbrella term is also a major concern, as elaborated on by 

this scientist:  “just because of one thing in nanotechnology some toxicology study comes out 

finding some particle causes cancer if inhaled doesn’t mean that all of the field needs to be 

stopped. It is a tough message to get across” (Interview 23 – scientist). 

 

3.4 Summary and discussion 

 

This research indicates a rapidly evolving trajectory through different phases. First, in the late 

1990s and early-mid 2000s, hyperbolic expectations led to new nanotechnology-focussed research 

priorities, networks, institutions, and campaigning (also see the outline in Appendix 5). Second, 

from 2004-05 onwards ‘nanotechnology’ became more contested. Risk concerns were especially 

prominent in 2006-08 when a national nanotechnology strategy and government programs were 

being established. Although some lead actors (e.g. in academic contexts) expressed the view that 

nanotechnology is still a healthy, growing field – and nanotechnology promises are recognised by 

policy actors – most expressed views indicating that significant changes have occurred over the 

past three years, leading to a third phase of majorly downscaled expectations, commitments, and 

activities. As Federal public sector employees remarked, “everyone’s moving on a little from the 

hype” (Interview 11) and “we’ve just started [a new phase of] a sustained period of getting to 
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understand the potential costs, complexities, the problems of scale, effectiveness, and so on” 

(interview 13). Importantly, this research also indicates that in this third phase significant 

destabilisation of ‘nanotechnology worlds’ has begun to emerge. 

 

Interviewees from private sector and research commercialisation contexts most strongly stated 

views on the downscaling of expectations and decline of the nanotechnology project. This is 

consistent with other SoE research which has found that business circles are more sensitised to 

hype-disappointment cycles than “professionalized scientific circles” (Borup et al., 2006, p.294). 

Interviewees emphatically referred to: a recent lull and “diminished near-term prospects” for 

nanotechnology development (Interview 6), declining relevance (Interview 24), and reticence 

taking up nanotechnology in industry and related ‘waiting games’ (Interview 30). Linked with this, 

aspirations for a ‘nanotechnology’ industry in Australia have been abandoned. 

 

Importantly, this trajectory has impacted all lead actors. For example, the reduced power of the 

nanotechnology umbrella ‘label’ influences the capacity of activists to generate debate. As one 

public sector interviewee remarked “where is the debate?”, further arguing that activists are now 

“calling out into a void” (Interview 25).42 Similarly, scientists lamented that they are struggling to 

keep their nanotechnology interests on the agenda. Given this situation such actors may look for, 

or seek to create, new labels which have more currency (van Lente & Rip, 1998). 

 

This is not to say all interviewee remarks matched this narrative. Some interviewees saw umbrella 

nanotechnology promises as a quasi-certainty (which is also part of a waiting game scenario, see 

Parandian et al, 2011). For example, a scientist commented that “it is just that so much of the 

world’s science and technology are going down this path it is inevitable that a lot of the world’s 

technologies will have nano aspects to it” [emphasis adde] (Interview 8). Another interviewee 

remarked that “I still firmly believe that in Victoria we have the greatest opportunity by bringing 

those communities together... we could generate some terrific things – the ‘nanotechnology’ 

community, I’ll put that in inverted commas, the small technologies communities and 

biotechnology community” (Interview 30 – research commercialisation). Another interviewed 

academic believes that more significant applications are just a ‘matter of time’: 

                                                             
42 This assertion is supported by the decline in media reporting in Figure 5 and the specific decline in media coverage 
achieved by the Friends of the Earth Australia  nanotechnology project (see http://nano.foe.org.au/foea-news) 

http://nano.foe.org.au/foea-news
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We’re starting to see more revolutionary advances and I don’t think they are necessarily 

speculative. I think within the field of medicine, for example, what you are now seeing in 

R&D and clinical trials is exciting and really promising nano-based applications. And they 

are a quite tangible in terms of being out there in trials or are close to being at that trial 

stage... [Additionally] I think it is the self-replication concept, getting down to the basics of 

this, and the merging nanotech and biotech together, that is where you are going to see a 

lot of the hype and a lot of the futuristic promise potentially coming to the fore. A lot of 

this is quite speculative at this stage but I don’t think it is necessarily that far away when 

you think about what is happening with synthetic biology, phenomics and that type of 

space, you see how nanotech, ICT, and biotech really will converge and there will be a lot 

of really futuristic applications. 
 

Interviewer: So, in a sense, you are a believer in the vision of ‘converging technologies’? 

I think it is just a matter of time. It is a matter of time. (Interview 21 – other academic) 

 

Although it is difficult to assign and evaluate causes of the evolving trajectory revealed here, given 

the complex, numerous, social processes and forces at work, the interviews suggest an important 

role for dynamics of expectations and promises in both enabling and constraining nanotechnology. 

A ‘novelty trap’ (Rayner, 2004, p.354) appears to have been generated, exhibited in “the pattern 

of claim and counter-claim about novelty, risk and continuity” and functioning as “a way of 

engaging plural rationalities in testing and evaluating new technologies in an unplanned, 

undirected process”. Risk debates and uncertainties were also found to now be a major focus of 

research activities, related to current efforts to facilitate public acceptance of new technologies. 

Furthermore, efforts to normalise ‘nanotechnology’ and downplay earlier notions of novelty and 

technological revolutions are likely to also negatively impact funding opportunities (Hessenbruch, 

2004). If nanotechnology is ‘normal science’, i.e. that has mostly been rebranded, it is unlikely to 

get special policy and funding treatment. Perhaps most importantly the statements of some senior 

lead actors indicate a ‘waiting game’ (Parandian et al., 2011). The present context also could be 

seen to have the potential to lead to much more significant ‘disappointment cycles’, given the 

inevitability of promise-realisation gaps (Felt & Wynne et al., 2007). 

 

Linked with these dynamics the research also suggests that determinism in early expectations was 

a major shaping factor. Early expectations tended to be over-optimistic, which encouraged 

‘compressed foresight’ in which actors overestimate and overstate capabilities or underestimate 

challenges faced (Spinardi & Williams, 2005; Williams, 2006). From a related perspective of the 



93 
 

  

‘dialectics of promises’ (Rip & van Lente, 1998), in which emerging technological realms are 

simultaneously ‘strong’ and ‘weak’, the strongly held views of policy actors and others about the 

promise of nanotechnology during the hype phase may have lead to an inadequate amount of 

‘nurturing’ of new technological options.43 That is, over-confidence in nanotechnology promises 

may have, in this way, been an important barrier to the realisation of those promises. 

 

Additional socio-political dimensions to NESTs were revealed. First, significant engagement with 

both ‘promise’ and ‘peril’ was evident from the early stages, consistent with a new politics of 

science and innovation. Second, the regime of techno-scientific promises could also be seen to be 

present in the Australian context.  The dynamics of this innovation regime have encouraged 

overpromising and the associated consequences described in this chapter. Moreover, in contrast 

to the current focus of risk controversies (e.g. the safety of sunscreens) the drivers of disputes 

could be seen to go beyond risk and point to ‘innovation governance’ tensions (Felt & Wynne et al, 

2007) and conflicting social visions – especially regarding potential applications of nanotechnology 

(and other enabling and converging technologies) for addressing climate change, energy 

challenges and environmental problems more broadly. Consistent with Wickson et al’s (2010) 

argument that pervasive uncertainty requires engaged actors to draw on existing frameworks, 

responses to nanotechnology promises and associated contestation appeared to reflect current 

forms of conflicting environmental discourses. The ideological conflicts referred to by some actors 

were most apparent in contrasting assessments of the potential environmental effects and 

conflicts between those who argued that ‘nano’ is unnecessary and those who view it as essential 

for tackling such sustainability problems. Given the prominent role of environmental groups in 

nanotechnology disputes and debates this is an important finding. 

 

Finally, this assessment of the trajectory of nanotechnology in Australia indicates significant policy 

failures. The government’s dual aims for the responsible management of nanotechnology are 

“capturing the benefits of nanotechnology whilst addressing health, safety and environmental 

concerns” (Australian Government, 2008). This was more recently also described as seeking 

responsible uptake and to “not unreasonably inhibit or prohibit uptake of technologies” 

                                                             
43 This interpretation was shared with a relevant interviewee (who had exposure to the Howard Government during 
critical periods of nanotechnology policy development), who replied that “I think you are right in that the Howard 
government loved the promise but did not recognise the nurturing required to realise that promise.” *Emphasis added+ 
(Interview 6) 
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(Australian Government, 2010c). Whilst public debate and disputes had become less prominent, 

these goals had not been achieved. Commercial development and uptake in the Australian context 

had reduced in recent years, and the central concerns of nanotechnology critics and opponents – 

and related science-society relationship tensions – had not been addressed. 
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4. The Australian experience in its international context 

 

4.1 Introduction 

 

This chapter considers whether the recent changes in the Australian context are unique by noting 

key observations of the evolving international context. Evolving agendas in new and emerging 

science and technology (NESTs), which form part of this context, are also noted. 

 

4.2 The evolving nanotechnology project and competing technological futures 

 

The downscaling of expectations and reduction in the ‘currency’ of nanotechnology has been 

observed in some other contexts, such as the United Kingdom and in the international research 

community.44 The President of the Society for the Study of Nanoscience and Emerging 

Technologies, Arie Rip, similarly points to “a decline of nanotechnology as an umbrella term” and 

expects “nanotechnologies (in the plural) will become just one of the resources in product and 

process innovation, and mostly for mundane products” (Rip, 2011 pers. comm., July 4). Physicist 

Richard Jones (2010), former Senior Strategic Advisor for Nanotechnology for the UK Engineering 

and Physical Sciences Research Council (EPSRC), also notes that STS scholars in Europe are 

discussing whether nanotechnology as “an object of study” is “in the process of disappearing”. His 

provocative remark that “like synbio now, nanotechnology was the future once” captures this 

apparent decline (Jones, 2011a). Drezek and Tour (2010), in Nature Nanotechnology, further 

observe that researchers are now “avoiding the ‘nano’ label to elude burdensome scrutiny” 

whereas “a decade ago, [these] academics jockeyed to label their work as ‘nano’”. They point to 

increasing calls for compliance to “unclear safety regulations” and argue that generalities caused 

by the broadness of the term are a major cause of such problems. Interviewed Australian scientists 

also referred to ongoing problematic issues with the ‘nano’ label, e.g.: 

 

I think you have to draw the line somewhere and now we’re in the area where ISO 

                                                             
44 The UK appears to provide a fairly analogous case (see Harper, 2010b; Jones, 2011b; Maynard, 2010). The EPSRC does 
not list “nanotechnology” amongst its research areas but activities are listed for other emerging labels (e.g. synthetic 
biology, plasmonics): http://www.epsrc.ac.uk/ourportfolio/researchareas/Pages/default.aspx. In April 2011 EPSRC also 
created a new “manufacturing the future” theme, for areas such as “advanced manufacturing”. 

http://www.epsrc.ac.uk/ourportfolio/researchareas/Pages/default.aspx
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[International Standards Organization] has defined a nanoparticle – all three dimensions 

less than 100nm, and more than 1nm – but they’re still arguing about the definition of a 

nanomaterial. According to one of the labels that recently went around, milk would be a 

nanomaterial because it has nano-emulsions! Do you see what the issue is? It is hard to 

define in certain realms and if people are going to keep calling for moratoriums or be very 

negative about nano, then the nano label will disappear rather than be used 

appropriately. (Interview 29 – scientist) 

 

From a toxicology perspective, US scientists have also questioned the focus on ‘nano’, advocating 

shifting focus from ‘nanomaterials’ (and nanotoxicology) to ‘sophisticated materials’ (Maynard et 

al., 2011b; Maynard, 2011).45 Maynard et al (2011b) describe an emerging era of more complex 

materials, cite unresolved ambiguity about the meaning of the ‘nanoscale’, and argue toxicological 

research also shows that widely utilised definitions of nanotechnology tend to be unhelpful in 

determining “a new material’s propensity to cause harm in unexpected ways”. 

 

The “hype train” moves on? 

A central, related dynamic pointed to by Rip is that “the hype train is moving on” (2011, pers. 

comm., July 4). Furthermore, the ‘economy of promises’ – in the present dominant innovation 

regime – that was outlined in chapters two and three continues to intensify (Jones, 2011, pers. 

comm., June 7). Consequently, agendas rapidly evolve, with new foci constantly being hyped. 

Emerging labels for NESTs exhibit similar dynamics, including ‘synthetic biology’ (Schmidt et al., 

2009), plasmonics, ‘postgenomic’ health interventions (Ozdemir et al., 2011), the ‘bioeconomy’ 

(OECD, 2010b; Thomas & Wright, 2008), clean technologies or ‘cleantech’ and gerontechnology. 

Additionally, fields such as stem cell science are concurrently trying to pull themselves out of 

‘disappointment’ periods (Mason & Manzotti, 2010). Such foci have recently also emerged in the 

Australian social context (e.g. see Alford & O'Brien, 2010; Tegart, 2010). 

 

An alternative is for nanotechnology to be re-hyped. A recent editorial in Nature (Editorial, 2011) 

argues for the creation of new promise-requirement cycles. It argued that “to reverse the trend 

scientists, universities and funders should highlight research areas in which nanotechnologists can 

contribute to scientific success” such as in regenerative medicine (Editorial, 2011). This would 

entail articulating more specific promises – which “anticipate and thus further articulate functions 

                                                             
45 An interviewed scientist similar described an emerging shift towards new ‘multi-functional’ and ‘hybrid’ nanomaterials 
which make the current OECD safety testing program “a little dated” (Interview 29). 
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and possible societal demand” (Rip, 2010, p.207) – to help build more forceful agendas.46 

 

4.3 Early promises and later, still emerging realities 

 

It was noted in chapter two that gaps between promises and realities could emerge, for example, 

due to increasing use of nanotechnology in general consumer products. The evolution and 

progress of nanotechnology over the past five years was also recently reviewed in the journal 

Nature Nanotechnology (Editorial, 2011). This commentary both echoed the previous section, 

noting that “there are definitely fewer outlandish predictions about the commercial impact of 

nanotechnology” and also more competition from other technologies. The editorial also observed 

that most progress has been the basic science rather than in developing new technologies for real-

world applications. Key challenges such as manufacturability of devices often remain (Rodgers, 

2011). Linked with this, early promises and forecasts increasingly now appear to have been 

significantly over-optimistic. This is clear, for example, in the APEC Center for Technology Foresight 

project on nanotechnology sought to indentify opportunities which would be realised in three or 

ten years time (Tegart, 2002) – see Table 13 below, in which the short-medium term forecasts 

included in this report are generally more accurate than the ten-year opportunities forecast by 

experts.47 Many shorter-term opportunities have been realised – although in some areas 

regulatory and commericalisation issues have emerged – but most of the ten-year opportunities 

remain medium-longer-term prospects for development and commercialisation. 

 

  

                                                             
46 Tegart (2010), a former nanotechnology proponent in Australia and the broader Asia-Pacific region, has recently 
attempted such an approach by analysing and advocating the potential roles of converging technologies in achieving 
more ‘healthy ageing’ (i.e. what is increasingly being referred to as gerontechnology). 
47Estimates of current status are sourced from a recent major review of the status and prospects of nanotechnology 
(Roco et al, 2011) and other relevant literature and experts cited in the table. 
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Table 13: Early nanotechnology forecasts (made in 2002 for 2005/2012) and emerging realities 

Timing Category  Opportunities Current status 

3 years 
(2005) 

Molecular 
engineering 
inspired by 
biotechnology 

Selective bio nano-
sensors 

 Continued R&D on nanotech-based biosensor devices 
(e.g. for monitoring water or food quality) 

 Limited commercialisation to-date 
Specific drug delivery 
systems 

 Nanomedicines started to enter the market in the mid-
2000s (Nijhara & Balakrishnan, 2006); however, novel 
drug delivery systems (e.g. via nanoparticles) taking 
longer to achieve than expected 

 Some significant nano-medicines now approved and 
commercialised (e.g. Abraxane for breast cancer)  

Electronic 
technology 
based in 
semiconductors 

Nano-electronics based 
on miniaturised silicon 
devices 

 Nanoelectronic and nanomagnetic components now 
being incorporated into common computing and 
communication devices (Roco et al, 2011). The state-of-
the-art is now 30nm sized features. 

Novel devices based on 
magnetic spin 
electronics 

 ‘Spintronics’ still an emerging technology; one approach 
(giant magneto resistance [GMR]) now used in current 
computing devices 

Devices and 
processes based 
on new 
materials 

Nanostructured 
materials as industrial 
catalysts 

 Nanostructured materials now 30-40% of global catalyst 
market; e.g. for oil refining (Roco et al, 2011)  

Self-cleaning surfaces 
based on nanomaterials 

 Some new materials commercialised as expected, e.g. 
water/stain-repellent fabrics, but overall to-date few 
commercial success stories (Extrand, 2008)   

10 years 
(2012) 

Molecular 
engineering 
inspired by 
biotechnology 

Advanced medical 
diagnostics 

 First point-of-care nano-enabled diagnostic tools are 
now being commercialised; the “holy grail” goal is for 
“nanodiagnostic tools to become backbone of clinical 
medicine by 2020”  (Roco et al, 2011) 

Targeted human cells for 
organ repair 

 Research enabling use of nanobiotechnology for organ 
repair and replacement a research goal for the next 5-
10 years (Roco et al, 2011, p.273) 

Electronic 
technology 
based in 
semiconductors 

Single electron devices  Commercialisation of useful single electron devices still 
likely to be more than 15-20 years away48 

Optical computing (use 
of optical rather than 
electrical data carriers in 
computers) 

 Optical computing still in the early research stage 

 The ‘all-optical computer’ – with mass-produced optical 
processors – currently “remains a dream” (The 
Economist, 2010) 

Devices and 
processes based 
on new 
materials 

Portable fuel cell and 
advanced battery 

 Nanostructuring in fuel cells and new advanced 
batteries a significant area of continuing R&D 

 Improved power density of Li-ion batteries enabling 
“practical hybrid electric vehicles” achieved; “holy grail” 
goal for 2020 remains batteries for electric vehicles 
“with large distance range of action” (Roco et al, 2011) 

Artificial photosynthesis  Limited commercialisation to-date of early stage dye-
sensitized solar cell technologies (e.g. Dyesol) 

 Early research on organic polymer-based solar cells 

Source: adapted from Tegart (2002, pp.12-14) 

                                                             
48 I am grateful to Dr. Michael J. Biercuk (from the ARC Centre of Excellence for Engineered Quantum Systems) for 
providing this estimate (2011, pers. comm., 23rd September) 
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A complementary analysis, to the socio-political dynamics outlined in chapter two, is suggested by 

the innovation studies literature. This literature highlights that development timeframes are often 

long and exhibit complex, non-linear dynamics. Elzen and Wieczorek (2005) note that such studies 

show “that most innovation tends to be of an incremental nature”, such as the ‘other nanotech’ of 

today’s consumer products, as “new technologies developed and brought to market are typically 

variants of existing technologies that can be used by customers with little or no extra instruction 

or training, using existing infrastructures and allowing them to use it in a way they always did”. 

Existing technological trajectories also mean that “radical alternatives… have a hard time breaking 

through” due to a range of barriers such as those related to production processes, regulation, and 

user preferences (Elzen & Wieczorek, 2005). Flexibility in application is also a central characteristic 

of new ‘enabling’ technologies (Rafols et al, 2011). However, a likely consequence of this flexibility 

is that eventual innovations and outcomes will diverge from initial promises and visions (Rafols et 

al, 2011; Williams, 2006) – a dynamic that nanotechnology has exhibited. Such developments may 

also make it harder to maintain belief in promises and fuel further criticism. 
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5. Conclusion 

 

This study has investigated the trajectory, socio-political dynamics and related dimensions of 

nanotechnology with a focus on the Australian context. Three phases have been identified: 

disruptive nanotechnology futures were promised and hyped by diverse actors from the mid-

1990s through to the mid 2000s; then such futures became contested; and subsequently a major 

downswing developed over the past three years. Chapter four revealed that this trajectory is not 

isolated to this one local context. Furthermore, in contrast to ETC Group’s (2010) claim that 

nanotechnology is “just lying low” and that “governments and industry, hand in hand, have come 

too far and invested too much to give up on nanotech’s promise”, this study shows that important 

dynamics have created ‘de facto’ governance arrangements in which there is increasing reluctance 

to progress ‘nanotechnology’ and buy into its many futuristic promises.49 

 

The present phase also indicates weakening of the nanotechnology project with interconnected 

changes, including: researchers increasingly using different labels; declining prominence in policy 

and commercial activity; and reduction in champions. Central to this trajectory is the decline of 

nanotechnology as an umbrella term with: declining relevance and less clear justification for 

investment, aside from very general economic drivers; and increasing interference in (rather than 

protection for) research and development activities. Local context factors have been relevant, 

such as a lack of focus in related programs. As one public sector interviewee put it, “before we’ve 

even defined what’s relevant to us or applicable to us we go all out” (Interview 12). The positive 

futures for science and society that were earlier associated with ‘nanotechnology’ have also been 

tempered, such as by the increasing focus on safety considerations. 

 

The above conclusions on the trajectory of nanotechnology in Australia may be reflective of the 

long time lags that are common between research and returns. However, empirical work reported 

here does raise significant questions about the Australian Government’s current belief that 

“nanotechnology is a thriving field of research, development and commercialisation in Australia” 

                                                             
49 As defined by Rip (2006b, p.83) ‘de facto’ governance is performed by ongoing, evolving structures and socio-technical 
patterns – beyond formal government policies and regulations – which both enable and constrain, in “that they guide 
the actions and interactions of actors and can be appreciated in terms of embedded goals and actual outcomes” (also 
see Rip & Van Amerom, 2010, on ‘de facto agendas’ that surround nanotechnology). 
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[emphasis added] (Department of Innovation, Industry, Science and Research, 2011b).50 

Moreover, there is the potential for further abandoning of nanotechnology; however, a more 

likely scenario may simply feature changes in the labels and rhetoric that are used. 

 

This research offers a helpful case for the Sociology of Expectations, supporting central claims such 

Brown et al.’s (2000, p.5) assertion that “the future of science and technology is actively created in 

the present through contested claims and counterclaims over its potential”. There have been no 

major safety incidents which would account for declining support for nanotechnology yet most 

lead actor remarks indicate a major downswing. This suggests earlier theorisation, in which new 

fields progress from ‘prospective structures’ to ‘social reality’ (van Lente & Rip, 1998), is partial. 

The trajectory as identified here, thus, also prompts consideration of the question of “why once 

seemingly certain futures happened to fail” (Brown et al, 2000, p.4) – and promises consequently 

are unrealised – at least in this case, to this point in time. Like any socio-technical situation it is 

dynamic and a range of outcomes could emerge. Some influential actors have tried to re-hype 

nanotechnology (e.g. Roco et al, 2011). However, a “house of cards” scenario (Rip, 2010) could 

emerge if a complete breakdown in expectations and promises occurs. 

 

The Australian experience with ‘nanotechnology’ presented here both illustrates the usefulness of 

the theories and frameworks presented in chapter two and integrates previously unconnected 

concepts and research. The performativity of expectations, and associated actor strategies, helps 

to explain the sweeping promises and predictions often made about nanotechnology. Consistent 

with other analysis from within STS discussed earlier, ‘big promises’ mobilised dynamics that 

stimulated greater technology assessment and made it difficult to sustain expectations. This may 

be an important new pattern in the dynamics of promises in new and emerging science and 

technology (NESTs).51 Certainly, the extremely optimistic claims that are made about emerging 

technologies need to be adequately scrutinised – something which to-date in the development of 

‘nanotechnology’ has emerged largely in an agonistic fashion, through processes that have tended 

to be unsatisfying for many of the significant actors in the Australian context. 

 

Additionally, the research provides evidence of the potential value of theorisation of de facto 

                                                             
50 It is notable that the cited report lists numerous barriers to product development and commericalisation (pp.124-5).   
51 A related reflection is that it intuitively makes sense that making larger claims invites additional critical scrutiny. 
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forms of technology governance, especially governance by expectations and the dual-nature of 

these mechanisms (Kondrad, 2010). Whilst expectations can act as self-fulfilling prophecies (such 

as in case of “Moore’s Law” in semiconductor development) they also appear to be self-negating 

in some cases if, for example, they stimulate new socio-political dynamics which act to slow or 

prevent the realisation of those futures.52 Whilst nanotechnology expectations have prompted 

important supportive actions, at this stage, they appear more self-negating than self-fulfilling. 

Linked with this, nanotechnology illustrates the complex dual-nature of hypes and associated 

expectation management challenges that these dynamics introduce. 

 

The empirical research provided two additional, new contributions. First, this thesis has placed the 

above dynamics within an innovation regime context – i.e. within the currently dominant regime 

of techno-scientific promises. It appears that the governance of and by expectations has become 

more important in this context. This regime encourages hypes and the articulation of speculative 

futures, can lead to the problematic dynamics identified in chapter three (also see the below 

conclusions about nanotechnology disputes)53, and shapes actor dilemmas, such as whether to 

embrace or resist emerging hype, and strategies as per interviewee reflections: 

 

You kind of have to ride a bit of that [hype] wave and expect that it will crash down but it 

doesn’t stop you kind of going out of saying we need to find the next important thing that 

comes through. Once you understand all of that and you then try to actually manage the 

waves down a bit – so as you’re surfing up the top you don’t get carried away with saying 

this will change humanity. [Emphasis added] (Interview 6 – research commercialisation) 

 

Second, the thesis has attempted to be integrative. The case presented here showed how analysis 

of expectation dynamics and technoscientific controversy can be integrated with assessment of 

promise dynamics, the role of environmental discourses, and imaginaries. The phenomenon of 

‘waiting games’, linked by Parandian et al (2011) to promise dynamics, can also act to slow 

innovation and prevent investments during the early stages of development. In the Australian case 

this aspect was highlighted in relation to the focus on health, safety and environmental (HSE) 

                                                             
52 The phenomenon of self-denying forecasts has been widely established in other contexts, such as heeding a warning. 
The extreme version of this phenomena, ‘suicidal prophecies’, was noted in chapter two. 
53 What has been seen in nanotechnology over the past decade now seems to be repeating in other new and emerging 
sciences and technologies (NESTs) such as ‘synthetic biology’, both Australia and elsewhere. Familiar debates about 
democratizing science are also emerging regarding ‘geoengineering’ (Toumey, 2011) and other controversial 
technologies. 
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impacts and associated uncertainties and controversies. The open-endedness of nanotechnology 

promises (Stilgoe, 2011) has also had enabling and constraining effects. The expectation and 

promise dynamics observed here were, for the first time, also considered in relation to 

sociotechnical imaginaries and competing environmental discourses. These were found to 

significantly shape influential actor responses to ‘nanotechnology’ and associated expectations, 

which is especially important in highly uncertain contexts (e.g. drawing on pre-existing narratives 

of technology and nature/society). Consistent with earlier research (e.g. Dryzek et al, 2009) this 

has highlighted the influence of structural, cultural and political factors. 

 

The sub-question of ‘how should nanotechnology disputes be understood?’ can now also be partly 

answered. All the potential sources of tensions and controversy reviewed in chapter two (see 

section 2.2.3 and table 6) have played important roles in generating disputes. Furthermore, the 

Australian experience can be viewed as being reflective of growing challenges in democratising 

science (Toumey, 2011). However, certain factors stand out and additional factors are revealed. 

First, some of core characteristics of nanotechnology suited the creation of hyperbolic discourses 

reported here (e.g. the generic ‘platform’ nature of enabling technologies and the interest of 

policymakers in these). Nanotechnology also remains poorly defined with various competing 

interpretations continuing to circulate. Second, the “new ‘politics of knowledge’ in which tacit 

sociocultural visions of progress will become the subject of increased public concern and scrutiny” 

(Kearnes et al, 2006, p.302) is also clear in the intense responses of critics and the competing 

imaginaries of engaged groups. Furthermore, there does not appear to be a space for deliberating 

the visions which inform action. Third, a context featuring complex, intensifying contemporary 

environmental problems appears to be an important factor. Strikingly different framings of these 

problems and desired solutions were revealed. As Truffer et al (2008, p.1360) have also noted, 

assessment of the sustainability of future developments “depends on divergent value positions 

and is therefore fraught with uncertainties and ambivalences”. The empirical research 

demonstrated that these divergent value positions exist, within key environmental discourses. 

Additionally, the urgency of these problems creates issues for both assessment of innovation 

pathways and more inclusive, and therefore often slower, innovation processes. 

 

A final insight into nanotechnology disputes is revealed by this study. In chapter two it was noted 

that STS scholars have recently argued that public risk concerns are more fundamentally 
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‘innovation governance’ concerns. Linked with this the current innovation regime is argued to 

contribute to disputes through the dual roles of promotion and oversight being performed by 

governments (also see Maynard et al, 2011a), ‘techno-push’ elements, and the tendency for 

concerns to be dismissed as irrational. The empirical work supports this assessment of underlying 

drivers. Maynard et al (2011a) also noted that these factors generate the concern that safety 

considerations are “merely an add-on to the innovation process”.54 This re-emphasises a core 

identified drawback of potentially conflicting roles for policymakers in the present innovation 

regime. Disputes about nanotechnology, thus, emerged as a site in which pre-existing, building 

tensions regarding innovation processes were given further expression.  

 

5.1 Limitations and questions/areas for future research 

 

The analysis in this study is inevitably limited in the generality of its applicability by the extent to 

which the sample of interviewees could be taken as representative of the full set of actors 

involved in the development of the trajectory of nanotechnology. Possible distortions due to 

sampling bias are acknowledged and could only be confirmed or corrected by further and more 

extensive research than was feasible. Second, Federal and State government perspectives are 

crucial but limited access was available in the context of this Master’s thesis. 

 

The effects of promise and expectation dynamics have been considered for ‘nanotechnology’ as-a-

whole. Consequently, investigation of such effects in various specific nanotechnology-enabled and 

related innovation fields – such as in ‘organic electronics’ (e.g. organic solar cells) or in 

‘active/adaptive materials’ – is an important area for further research. Related research questions 

include: are these effects shaping developments in such innovation fields? What strategies are 

used and could be used to intervene in such effects? Comparative analysis would establish if such 

effects are consistent across specific fields and different contexts. 

 

                                                             
54 It is also notable how the goal of ‘responsible innovation’ has been translated into activities within the National 
Enabling Technologies Strategy (NETS). These appear to be separated within NETS into groups focussed on 
‘responsibility’ (e.g. the Stakeholder Advisory Council) and other groups focussed on ‘innovation’ and ‘uptake’ (e.g. the 
Expert Forum). Also relevant here is the focus of the national innovation priorities on promoting innovation rather than 
promoting responsibility, with consideration of ‘responsibility’ only an occasional add-on (see Department of Innovation, 
Industry, Science and Research, 2011b). 
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As noted above, ‘nanotechnology’ may mostly be going ‘underground’ rather than abandoned. 

Definitive conclusions, thus, cannot be reached as to whether nanotechnology research and 

development (R&D) is being significantly moderated. Rather than an overall reduction in these 

activities, it is possible the net outcome could be a dispersing of R&D (increasingly not under a 

shared umbrella label) and/or R&D activities ultimately reemerging under a range of new labels 

with more currency. This would be an important unintended consequence of activist campaigns: 

activists would lose their central target and be forced into fights on multiple ‘fronts’. 

 

This research also raises significant issues regarding the governance of NESTs. In particular, the 

research identified widespread concerns – in public, private and civil society sectors – regarding 

how innovation is currently being approached in the Australia context.  Alternative innovation 

models, such as a regime of “collective experimentation” around important problems of shared 

concern (Felt & Wynne et al, 2007) and “co-production of knowledge by science and society” 

would include more participatory foresight, “acknowledge the presence of multiple possible 

future(s) in regards to technology and innovation trajectories from lab-to-society” and, overall, 

adopt far a more interventionist approach (Ozdemir et al., 2011). Related anticipatory governance 

approaches are being experimented with (Barben et al, 2007). Examination of the potential for, 

and barriers to, such moves away from traditional models and current science policies towards 

these alternative models is also an important area for future research. The findings produced to-

date and importance of more sophisticated management and governance of NESTs both indicate 

the areas noted could fruitfully benefit from further investigation.  
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Appendix 1 – Nanotechnology applications according to ‘technology readiness level’ 

Sector TRL 8-9 TRL  6-8 TRL 2-6 TRL 0-2 
Aerospace 
and defense 

Composites for reinforcement Flame retardant materials 
for aircraft, protective 
coatings, lighter body 
armour (CNTs). 

Self repairing structures, smart 
uniforms, sensors for biological and 
chemical threat detection, 
electronics in spacecraft. 

Smart air/spacecraft 

Electronics 
and ICT 

Magnetic nanoparticles for 
data storage. Electronic 
nanoscale materials for 
dielectrics. 

Flexible displays, 
nanocomposite heat 
management, nanowire 
electronic and photonic 
devices, nanosilver die 
attach. 

Carbon nanotube single electron 
transistors, non volatile random 
access memory, molecular diodes, 
single hybrid molecular device, 
semiconductor single electron 
devices (quantum dots), grapheme 
based circuits. 

Molecular memory. 
Solid state quantum 
computing. 

Energy Nanocrystalline coated solar 
cells, nano porous aerogels, 
nanoparticle additives for 
energy efficiency. 

Nanocatalysts for fuel cells. 
Nanomembranes for fuel 
cells. 

Thermoelectric materials for heat 
conversion, carbon nanotube fuel 
cells and batteries, carbon 
nanotube hydrogen storage, 
polymer and hybrid photovoltaics. 

Potential for wind power 
applications. 

Life sciences 
and 
healthcare 

Nanotitania implants, nano-
particle drug delivery, 
antibacterial coatings, healing 
wound dressings, ‘lab-on-a-
chip’ systems. 

Dendrimers in biotechnology 
assay kits. 

Biocompatible implants, magnetic 
nanoparticles as imaging agents, 
nanocoated stents for tissue 
engineering, noninvasive 
therapeutics using heat to treat 
cancer. 

Smart materials for 
organ and limb 
replacements. 

Construction Strength increase/crack 
prevention, self healing 
additives to cement, exterior 
protection coatings, anti-
graffiti coatings, self cleaning 
glass, heat blocking windows. 

Aerogels for insulation, heat 
resistant materials. 

Self repairing structural materials. Smart sensors to 
monitor fracturing and 
flexibility, intelligent 
buildings. 

Textiles Self cleaning fabrics, healing 
textiles, antibacterial garments 

Fire retardant textiles. Wearable computers, smart 
clothing, bioresponsive clothing. 

Self healing textiles. 

Environment 
and water 

Air filtration, titania 
photocatalysts, nanoporous 
membranes for filtration 

Nanoscale absorbents 
Desalination of sea water 
using 
nanomembranes; 
nanomaterial based products 
for water treatment 

Water purification using bio-nano, 
NEMS for sensing and acting on 
pollution  

 

Food and 
drink 

Nanoemulsions, 
nanocomposite barrier 
packaging, nanoporous 
membranes for processing. 

Super hydrophobic surfaces, 
controlled release seed 
coatings, pathogen detection 
with nanoparticles. 

Nanoencapsulated nutraceuticals, 
programmable barriers in coatings 
for atmospheric control, electronic 
tongue. 

Smart paper for 
information display and 
packaging. 

Consumer 
goods and 
household 
care 

Easy clean coatings for 
surfaces, self cleaning tiles, 
nanosilver cosmetics and oral 
care, nanoencapsulation for 
beauty care, nanocomposite 
sporting goods. 

Nanocoated wipes for 
surfaces, self cleaning sprays 
(short lasting). 

Nanoencapsulation for household 
hygiene and fragrancing. 

Long term self cleaning 
wipes and sprays, 
nanoelectronics in 
leisure equipment. 

Brand and 
product 
security 

Intelligent inks, nanoparticles 
for security printing. 

Paper like electronic displays 
for condition information, 
magnetic nanoparticle 
tagging. 

Decontaminating surfaces, 
nanoparticle chemical markers. 

Smart dust for 
decontamination. 

Shipbuilding Nanofillers for structural 
enhancement, anti biofouling 
and corrosion resistant 
coatings. 

Thermal barrier materials for 
engines. 

Fuel cells, embedded sensors. Cloaking for warships 

Automotive Nanofillers for structural 
enhancement, fuel additives, 
scratch proof & anti-glare 
fogging coatings 

Thermal barrier materials for 
engines. 

Shape memory alloys, fuel cells. Smart tyres. 

 

Source: Technology Strategy Board (2009, p. 14) 
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Appendix 2 – Classes of manufactured nanomaterials 

Class Component Use 

Metal oxides Zinc oxide Cosmetic sunscreens and UV coatings; paints, 
plastics and packaging 

Titanium dioxide Cosmetics 

Cerium dioxide Automobile catalyst 

Mixed oxides Cosmetics 

Carbon products Fullerenes 
 
Single-walled and 
multi-walled 
carbon nanotubes 

Plastics, catalysts, battery and fuel cell 
electrodes, super-capacitors, water purification 
systems, cosmetics, orthopedic implants, 
conductive coatings, adhesives and composites, 
sensors, and components in electronics, aircraft, 
aerospace and automotive industries 

Amorphous carbon Inks, photocopier toner, automobile tyres 

Metals Silver Bactericide in wound dressings, socks and other 
textiles, air filters, toothpaste, baby products, 
vacuum cleaners, and washing machines 

Iron Remediation of groundwater, sediments, soils 

Gold Electronics in flexible conducting inks or films, 
and as catalysts 

Bimetallic 
nanoparticles Fe- 
Pd, Fe-Ni, Fe-Ag 

Remediation of organics in waters; usually 
supported nanoparticles 

Quantum dots and 
semiconductors 

CdTe, CdSe/ZnS, 
CdSe, PbSe and 
InP 

Medical applications, photovoltaics, security inks, 
and photonics and telecommunications 

Nanoclays Hectorites, 
layered double 
hydroxides 

Cosmetics, toothpaste, antacids, paint additives, 
catalyst supports, flame retardants, drug delivery 
agents 

Dendrimers  Coloured glasses, chemical sensors, and modified 
electrodes; in medicine as DNA transfecting 
agents, therapeutic agents for prion diseases, 
formation of hydrogels, drug delivery, DNA chips, 
and ex vivo amplification of human blood cells 

Emulsions Acrylic latex and other 
formulations 

Paints and surface coatings; sunscreens and 
similar cream formulations; in medicine for drug 
delivery; pesticide formulations 

 

Source: Batley & McLaughlin (2010, pp.2-3; fuller descriptions provided on p.3-7 and usage in the 

Australian commercial sector is summarised on p.8) 
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Appendix 3 – Environmental discourses 

Discourse analysis can be used to analyse approaches to environmental issues and associated 

contests over meaning (Dryzek, 2005). Dyzek's authoritative analysis defines a discourse as a 

"shared way of apprehending the world", using this approach to reveal and consider how 

environmental matters are often subject to disputes between people who think differently and 

pursue competing visions of the future.  In this analysis environmental discourses are defined 

according to their position vis-à-vis industrialism: 1) whether reformist or radical departures from 

industrialism are sought; and 2) whether this departure should take the current "political-

economic chessboard" as "pretty much given" (prosaic approach) or “redefine it” (imaginative 

approach). These dimensions produce the following framework: 

 

 

 

These discourses approach environmental matters in the following ways: 

 Environmental problem-solving: this discourse advocates and pursues adjustments within 

the political-economic status quo to cope with environmental problems. Depending on the 

form, this problem-solving should be coordinated by bureaucracy (administrative 

rationalism), democracy (democratic pragmatism), or markets (economic rationalism); 

 Global limits: this discourse contends that growth is approaching fundamental limits 

(potentially leading to collapse, as highlighted by those adhering to the ‘survivalism’ 

variant). Consequently, rapid reorientation away from perpetual growth is sought; 

 Sustainability: conflicts between environmental and economic values are seen as capable 

of resolution; in particular by refining the concepts of growth and development. 

Adherents question what are seen as "simple" limits projections and reject abandoning 

the basic parameters of contemporary liberal capitalism; and 
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 Green radicalism: adherents argue that a new ecological sensibility is required, rejecting 

the structure of industrial society, current conceptions of nature and cultural norms. 

 

Dryzek (2005) also notes that the initial rise in the prominence of the limits discourse in the 1970s 

led to the articulation of a fifth discourse category: "Prometheans". Prometheans have unlimited 

confidence ecological concerns can be overcome, particularly via new technologies, and believe 

"the current trajectory of liberal capitalism is unproblematical" (Dryzek et al., 2009, p.232).   
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Appendix 4 – Initial interview guide (prior to emerging theme identification) 

 

Interview protocol 

 

Interviewer instructions: The interviews will be conducted in-person where possible, ideally at a 

location familiar to the interviewee (e.g. in their office), and digitally recorded for transcription. 

The length of each interview will be approximately one hour. This interview protocol describes 

the key areas that will be covered and the questions (and related prompts) that will be used. 

Simple questions are used initially to begin the conversation and put the interviewee at ease as 

much as is possible. The interviews are semi-structured, so as to allow ‘room’ for discussion on 

unscheduled themes/topics. 

 

Interview introduction: Good morning/afternoon. Thank you for agreeing to participate in this 

study. These interviews are being conducted as part of a study of nanotechnology in the Australian 

context and seek to gain insights into your personal views on nanotechnology and related topics. 

 

Interview questions 

 

a) Background information (warm up questions) 

 

 CONFIRM PARTICIPANT CONSENT – TO BE RECORDED AT THE START OF THE INTERVIEW 

 

Informed consent: You have been provided with a Plain Language Statement about the project. 

Could you please confirm that you have read this, state your consent to participate in this study, 

and willingness for this interview being recorded for later analysis? Do you have any questions 

before we begin?  

 

1. Could you please provide a brief summary of your professional background? 

 

2. What is the nature of your engagement with ‘nanotechnology’? 

 

 

 

b) Nanotechnology 

 

These questions aim to provide me with an understanding of how you view ‘nanotechnology’. 
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3. What areas of scientific practice and technology development do you think the field of work 

known as ‘nanotechnology’ should apply to? 

 

 

 

 Do you have a “working definition” of ‘nanotechnology’? (If yes, ask to state this 

definition) 

 

 

 

4. What do you think are current big issues or “hot topics” in nanotechnology 

policy/development? Why did you choose these? 

 

 

c) Expected nanotechnology futures 

 

These questions are aimed at understanding what expectations you have regarding the future 

development of nanotechnologies 

 

The Australian government has publicly stated that it expects ‘nanotechnology’ (and other 

“enabling technologies”) to provide significant environmental, social and economic benefits... 

 

5. ... Do you consider yourself to be a “nanotechnology optimist” or a “nanotechnology 

pessimist” and what expected outcomes or other aspects are you considering in saying this? 

 

-PROBE FOR MAJOR PERCEIVED ‘PROMISES’ AND ‘DANGERS’, VARIOUS TYPES OF IMPACTS 

EXPECTED (I.E. SOCIAL / ECONOMIC / ENVIROMENTAL IMPACTS AND IMPLICATIONS). 

 

 

 Ask interviewee to elaborate: How/why did you come to form these views? 

 

 

6. How do these views relate to your preferences regarding the type of future society we 

should aspire to create, and the potential roles of nano-technologies in realising this future? 

 

 

 

 

d) Attitudes towards nanotechnology and technology development 
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These questions aim to help me to understand your attitudes towards nanotechnology, in 

general, and more specifically the relationship between nanotechnology and sustainability. 

 

 

7. As you would be aware, nanotechnology has become an important focus of debate about 

science and technology policy... Do you think nanotechnology is a “good thing”, generally 

speaking, to be doing? 

 

 

8. Some observers see extremely positive links between the promise of nanotechnology and 

the natural environment, observers see extremely negative links, what is predominantly 

your view? 

 

Optional follow-up question: do you think that nanotechnology, overall, will be more 

harmful or beneficial to the environment than the technologies we use today? 

 

 [Are there potential applications of nanotechnology that you consider to be particularly 

exciting (if they see positive links) / concerning (if see they negative links)?] Time 

permitting 

 

 

Now expanding our discussion beyond nanotechnology development...  

 

9. ...How would you like to see the key sustainability challenges, as you see them, 

approached and what are the implications for science policy and technology? 

  

 

 

e) Nanotechnology in the Australian and broader social contexts 

 

These questions now shift the focus of our discussion to your perception of nanotechnology 

policy and development in the Australian social context and broader social engagement with 

‘nano’. 

 

10. How has the debate in Australian about nanotechnology development changed over the 

past five years (or as long as you have been closely observing it)? 

 

 

 

11. (For non-government interviewees) How would you describe the approach taken by 

Australian government to nanotechnology policy and development? Why? 
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12. Many observers have commented that nanotechnology has been subjected to an 

unprecedented amount of early scrutiny and analysis, unlike any previous field of research 

and development – such as early assessments of potential opportunities and risks and... 

Why do you think this has occurred? 

 

 

 

 

f) Additional volunteered commentary 

 

13. Is there anything else you would like say on the topic of ‘nanotechnology’, in general, or 

nanotechnology in the Australian social context? 

 

 

 

g) Snowball sample question 

 

14. Is there anyone that you think I should aim to speak with during my research? 

 

 

Thank for your time today and your contribution to this research project. 

  



132 
 

  

Appendix 5 – Nanotechnology hype in the Australian context 
 

From the late 1990s to the mid 2000s hyperbolic expectations about nanotechnology rapidly 

emerged. Nanotechnology was framed as “a new frontier in science and technology” (PMSEIC, 

1999) and media reports in this period often exhibited utopian optimism. Articles enthusiastically 

covered such ambitions as artificial photosynthesis, new ‘self-assembly’ approaches for cheap and 

green fabrication methods (e.g. for making computer chips), tiny ‘nanobots’ for use in surgery or 

attacking tumors which were often said to be “not far away”, and a new generation of green 

nanotechnology-enabled housing (e.g. featuring self-cleaning windows, ‘switchable’ windows that 

‘tune’ to environmental conditions and produce electricity, self-sterilising kitchen surfaces, and 

new roofing materials that reduce heat gain/loss as necessary). The below, representative, 

selection of headlines and quotations reveals the rhetorical space that developed. Some of the 

articles focus on reporting ‘breakthroughs’ (e.g. the first so-called purpose built ‘molecular 

machine’ by CSIRO scientists), others are general stories of promise and hope: 

 

Machine mimics nature 

AN Australian-designed biosensor, dubbed the first purpose-built molecular machine that 

did something useful when it was initially created, will soon prove its worth.  

A commercial prototype of the nanomachine will be developed by the end of the 

year, according to co-inventor Dr Ron Pace. The sensitive, flexible, reliable and easily 

transportable analytical device, which is 10 billionths of a metre in size, could detect a 

teaspoon of sugar in Sydney Harbour. But is it more likely to be used for the 

environmental monitoring of chemical species and pathogens, Dr Pace said.  

(The Australian, 4 April, 2000) 

 

Small is beautiful 

Small, you see, is going to be big, very big. Building robots on the tiniest scales imaginable 

– known as nanotechnology – is shaping up to be the space race of the 21st century  

(The Australian, 25 August 2001) 

 

Taking up the nano challenge 

Australia is among the frontrunners in the race to make machines so tiny they are invisible 

to the eye, Karen Dearne reports. THE race to make things smaller is gathering pace - and 

Australia wants a piece of the action. 

While the "art of building substances atom by atom" remains a dream, 

nanotechnology is nevertheless throwing up many new products and tantalising 

possibilities. A three-day nanotechnology conference held in Sydney recently – the first of 
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its kind – attracted several hundred research scientists, technical experts, consultants, 

venture capitalists and companies keen to enter the field.  

(The Australian, 1 October 2002) 

 

Powder with the Power to Transform the World    

In his Canberra laboratory, research physicist Dr Ying Chen churns what looks like nothing 

more than dull, grey powder. But far more precious than gold, the powder, says Dr Chen, 

will change the world.   

He believes it will open the way for making everything from hydrogen-powered cars 

and the next generation of jetliners to wafer-thin televisions and powerful computers so 

small you can slip them into your pocket.  And, he says, the energy-efficient technology 

will help curb the world's craving for power. Chen's laboratory at the Research School of 

Physical Sciences and Engineering, at the Australian National University, is the world's only 

commercial source of the extraordinary powder nanotubes of boron nitride (BN).    

(The Sydney Morning Herald, 17 November 2003) 

 

Stranger than fiction – a fantastic voyage is about to become reality   

Technology is on the cusp of a revolution, a revolution of tiny proportions, as MARIA 

MOSCARITOLO reports.   

THERE'S going to be a lot of shrinkage within 10 years - the technology around us will 

become more powerful but in many ways less noticeable, all while improving our day to 

day life and our health.  Nanotechnology – the science of tiny technology – is already with 

us and will revolutionise our lives as it advances over the decade.   

For those unfamiliar with the term, nanotechnology basically refers to atomic-scale 

particles which will fundamentally change electronics, improve daily items ranging from 

face cream to clothes, and one day be used in the body to treat diseases.   

(The Advertiser, 4 December 2004) 

 

Nanotechnology: Brave goo world? 

Everybody is talking about the world-changing potential of nanotechnology. We’re fast 

discovering how to manipulate the building blocks of life. 

(Australian Anthill Magazine, April 1 2005) 

 

If companies don't embrace nanotech they risk becoming dinosaurs, warns proponent    

“If companies don't embrace it *nanotechnology+, they will become dinosaurs…It will have 

an impact on every aspect of industry and the supply chain, and most people won't even 

know it is happening” – Dr Peter Binks, (then) CEO of Nanotechnology Victoria, quoted in 

Porter (2005). 

(The Age, 23 September 2005) 

 

Nanotechnology enabled products to hit $US3.1 trillion value by 2015 
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Leading nanotechnology research agency, Lux Research Inc based in New York, has revised 

upward their estimated value of nano-enabled goods to be produced by 2015. From an 

earlier prediction that the global value of nano-enabled goods of $US2.6 trillion, new 

research indicates this figure will swell to $US3.1 trillion by 2015. As of 2007 goods 

incorporating nanotechnology reached $US147 billion. 

Interim CEO of the Australian Nanotechnology Alliance (ANA), Ms Carla Gerbo said 

“Australian manufacturers are also taking advantage of nanotechnology to produce goods 

which offer unique and or enhanced properties, with the potential that Australian 

products incorporating nanotechnology could be valued up to $60 billion by 2015, while 

employing some 125,000”. 

(Australian Nanotechnology Alliance [media release], August 21, 2008) 

 

Nanotechnology hype appears to have peaked in 2005-06. The associated expectations are clear in 

public statements made by the (then) Minister for Industry, Tourism and Resource, Ian 

Macfarlane, in 2005 in the preface of an Australian Nanotechnology Capability report (Invest 

Australia, 2005, p.2). The Minister asserted that “nanotechnology will be as influential in the 21st 

century as information technology was in the 20th century” and “few areas of our lives will fail to 

be impacted by nanotechnology”. Further, the Minister stated that “the Australian Government is 

committed to developing a globally focused nanotechnology capability in Australia” (Invest 

Australia, 2005, p.2). Similarly, an earlier discussion paper entitled Small Scale Technologies: 

Directions for Victoria (Centre for Strategic Economic Studies, 2003, p.1) prepared for the Victorian 

Government asserted the following: 

 

Micro technologies are currently much more important in industrial applications. But 

those at the nano scale will become increasingly dominant in a wide variety of industries 

over the next two decades. They will also have the most dramatic implications, as new 

properties of matter emerge at the very small scale. [Emphasis added] 

 

Hyping by other societal actors (e.g. critics) 

In additional to policymakers and some scientists, other actors such as regulatory experts and 

critical activists contributed to such views of nanotechnology as disruptive and an emerging new 

age. For example, Bowman and Hodge (2006), from the Monash Centre for Regulatory Studies, 

articulated a “wild regulatory frontier” to be faced in “the emerging nano-age” (see also Hodge et 

al., 2007). Activists framed nanotechnology as “the most powerful and transformative technology 

in human history” *emphasis added+ (Hepburn, 2006) and as embodying “the dream of controlling 
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the building blocks of both living and non-living things” and, thus, going beyond “new materials 

science” (Miller & Senjen, 2006, p.12). An edition of Chain Reaction, the magazine of Friends of the 

Earth Australia (FoEA), focussed on nanotechnology provides additional representative examples. 

This edition began with statements in the Editorial (2006, p.8) comparing it changes generated by 

the first industrial revolution and asserting that “the scale of change and upheaval that will follow 

nanotechnology’s attempt to remake the world from the atom up will be enormous” *Emphasis 

added].55 In an article entitled ‘Nanotechnology 101’ it is described as a “powerful new technology 

for taking apart and reconstructing nature at the atomic and molecular scales”, further arguing 

that “the transformative power of nanotechnology is such that we must take the democratisation 

of science seriously” (Sales & Bayer, 2006). The editorial also raised concerns about the aim to 

realise “a nano-utopia” – in which technology “could ‘decouple economic growth from resource 

use’, enabling endless environmentally benign economic expansion and abundance for all” – and 

“efforts to split the environmental and social change movements around the promise of ‘green’ 

nanotechnology” (Editorial, 2006, p.8). 

 

The below table presents a timeline of significant events during this period, which featured the 

creation of new ‘rhetorical space’ (van Lente & Rip, 1998) – as above – and associated institutions: 

 

Table 14: Timeline of events in the early phases of nanotechnology in the Australia 

Year Event Comments 
1999 -Nanotechnology considered by the Prime Minister’s Science and 

Engineering and Innovation Council (PMSEIC). Report tabled entitled 
‘Nanotechnology – The Technology of the 21st Century’ 

 

2002 -Inclusion of ‘nanotechnology’ in the National Research Priorities (inclusion 
of ‘nano-materials and bio-materials’ priority) 

 

-Creation of Nanotechnology Victoria (a commercialisation body with 
Victorian government and university sector support) 

Closed in 2009 

2003 -The Australian Research Council (ARC) announces new funding scheme to 
establish research networks to support research priority areas 

 

2005 -Creation of the ARC Nanotechnology Network, an amalgamation of four 
well-aligned, seed-funded networks – specifically: the ‘Australian 
Semiconductor Nanotechnology Network’, ‘The Nanoparticle Network’, 
‘The Australian Network on Microelectronics, Optoelectronics and 
Micromechanical Systems’, and the ‘Young Investigators Network on Next 
Generation Electronic Devices’ 

Now the Australian 
Nanotechnology 
Network 

-Creation of the NanoSafe Network Australia  
-Friends of the Earth Australia Nanotechnology Project established  

2006 -The Australian Nano Business Forum formed, a national organisation 
established to further the interests of private sector companies in the 

Closed in 2009 

                                                             
55 The final phrase adopts the early nanotechnology rhetoric, such as the rhetoric in the US National Science and 
Technology Council (1999) brochure on nanotechnology entitled ‘Nanotechnology: Shaping the World Atom by Atom’ 
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business of nanotechnology in Australia 
-Creation of the industry-led Australian Nanotechnology Alliance (ANA) ANA grew out of 

earlier Queensland 
alliance and Future 
Materials industry-
science bodies 

2007 -As part of its Industry Statement, the Australian Government announces 
funding for a National Nanotechnology Strategy, and a Niche 
Manufacturing Flagship (within CSIRO), which will focus on 
nanotechnology applications. 

NNS wound-up in 
2009 (2 years early) 
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Appendix 6 – Key phases in mass media reporting: evolving social expectations 
 

Element Hype/promise phase 
2000-2006 

Danger/risk phase 
2006-2010 

Disillusionment 
emerging? 
2010-2011 

Major functions 
discussed 

‘Transforming’ manufacturing, 
healthcare (e.g. drug 
delivery), electronics, 
agribusiness, energy and 
communications 

Improved materials; new of 
improved functionality in 
consumer products; 
continued miniaturisation. 

New functionality 
through use of 
nanoparticles, drug 
delivery, new/cheaper 
forms of clean energy 

Major frames 
utilised 

 Revolution/disruptive 

 ‘Molecular machines’ (e.g. 
tiny nanobots in 
bloodstream) 

 ‘Converging technologies’ 

 Futuristic possibilities (e.g. 
invisibility cloak) 

 Engineered nanoparticles 

 Ultrafine particles 
(especially the potential 
health and safety risks of 
these tiny particles) 

 Novel chemicals (i.e. in 
new nano-forms) 

 Nanoparticles / 
nanomaterials 

 Dual potential of 
technology 

 Technology held back 
e.g. major challenges 
for commercialisation 

Major applications 
discussed 

 New cancer treatments 

 Personal diagnostic tools 

 Next-generation computer 
circuitry/storage (e.g. 
quantum based) 

 Transformational new 
materials (e.g. solar energy 
collecting windows) 

 Radica use of nanotubes 
(e.g. a “space elevator”) 

 Constructing rather than 
mining natural resources 

 Nanoparticles in 
consumer products (e.g. 
cosmetics, antibacterial 
additives, new ‘nano-
foods’) and in medicine 
(e.g. used for drug 
delivery) 

 ‘Nano-enabled’ products 

 Consumer electronics 

 Smarter materials (e.g. 
new ‘smart’ food 
packaging materials)  

 Nanoparticles in 
consumer products 
(e.g. cosmetics) 

 Improved solar 
cells/panels 

 Limited discussion of 
futuristic concepts 
from hype phase (e.g.  
new cancer treatment,  
invisibility cloaks, etc) 

Time horizon for 
commercialisation 

 Major applications and 
impacts within 10 years 

 Between US$1trillion (NSF 
estimate) and 2.6trillion 
(Lux Research) market 
potential by 2014/2015 

 Mostly N/A – on the 
market or soon to be 
commercialised 

 Historical examples 
discussed (e.g. medieval 
glaziers) 

 Specific forecasts 
often not made; some 
discussion of shorter-
term (next 5yrs) and 
medium-term (next 
10yrs) potential  

Expectations  Hyped: optimistic, uncritical  Risk more prominent (e.g. 
harm ‘similar to asbestos’) 

 Mixed expectations 

 Often vaguer and 
moderated 

 
Source: articles appearing in major Australian newspapers (accessed from Factiva database) 
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