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Synopsis 

The thesis provides an in-depth discussion of technology transfer of innovations 

utilizing nanotechnology. Innovations that use nanotechnology as a component are 

controversial among governments, international organizations, NGOs, laypeople and 

the multinational corporation. Commercial barriers linked to nanotechnology include 

market acceptance and very high development costs. Nanotechnology start-ups may 

differ from established firms with respect to commercial strategy. Nanotechnology 

start-ups face similar challenges as most other firms that commercialize high-tech 

complex products.  
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Introduction 

 This thesis is about nanotechnology commercialisation. How should society 

commercialise novel technologies such as nanotechnology? Why is nanotechnology 

commercialisation controversial? The unit of analysis is the nanotechnology start-up. 

The reader will find a more thorough explanation of the research design in the method 

section. The empirical basis of the thesis is individual in-depth interviews with key 

informants and multiple sources of evidence, such as reports, scientific articles, and 

online databases. 

  I will first introduce nanotechnology and then explain why the commercialisation 

of this technology has been subject to controversy.  

 Nanotechnology is a general term for a variegated set of technologies that we find 

in many different applications. Nanotechnology is a global technology.  

 Nanotechnology is also a technology that has been with us for ages. Agriculture is 

also a form of nanotechnology, where seeds turn into plants via photosynthesis. The 

technology is not new, but it is the ability to do something about the technology 

through Atomic Precision Manufacturing that represents a radical change from the 

past (Drexler, 2013) 

The term nanotechnology was coined in 1974 by Norio Taniguchi, professor at 

Tokyo Science University. The NNI definition of nanotechnology is "the 

understanding and control of matter at dimensions approximately between 1 and 100 

nanometres, where unique phenomena enable novel applications NNI (2012)”.  

  Nanotechnology has often been described as a disruptive or "revolutionary" 

technology with respect to its impact on industrial manufacturing (Schulenburg, 

2012). Although nanotechnologies are considered to be the third industrial revolution 
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by scientists, governments, and laypeople (Mowery, 2009), we have not yet seen the 

most disruptive effects of the new technology on society.   

 Nanotechnologies are disruptive and revolutionary technologies in the sense that 

they will cause a major shakeout on existing technologies/commercial ventures.  

 Graphene is an example of a nanomaterial with a disruptive market potential. 

Graphene is a promising application is sectors such as solar cells, windmills, and 

water purification.  

Carbon Nanotubes (CNTs) are utilised as filters in water treatment applications. 

One sector that can benefit from such a technology is shipping. Nanoparticles can be 

utilised to filter out bacteria from water ballast tanks, thereby improving the water. 

Graphene is also utilises in solar cells, and this will benefit society in forms in form of 

cheap electricity and an improved environmental footprint. 

 The promise of nanotechnology to solve important global challenges is the main 

driver for its commercialisation. Nanotechnology is therefore also considered to be a 

discontinuous/radical innovation in the longer term (OECD, 2010, p. 40). A disruptive 

innovation is an innovation that may displace or replace existing technologies.  

Disruptive changes usually come when there is a shakeout, and existing 

technologies can become obsolescent. Existing technologies can also continue to be in 

use for a while, such as magnetic hard-disc. While the technology is still in use, 

disruptive technologies are commercialised in a niche market. Nanotechnology, which 

is in effect is just a materials science, is a key enabling technology for existing 

commercial applications.  

 Many companies have adopted nanotechnology in their products and 

manufacturing processes. Nanomaterials have properties that can enhance the 

performance of existing applications or displace existing technologies.  
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The disruptive character of nanotechnology can be a challenge to 

commercialisation in certain industries, where incumbents want to keep their market 

share. Commercialisation of disruptive technologies differs from other kinds of 

technologies as it can be subject to higher transaction costs (Keupp & Gassmann, 

2009, p. 338). It is very difficult to assess the market potential of the technology. 

The disruptive character of nanotechnology and the emergence of a new 

technological paradigm are topics that have very important societal implications. 

Nanotechnology is a general-purpose technology expected to have a revolutionary 

impact on society, both in terms of productivity and in improving the quality of life of 

individuals. Nanotechnology has been designated as a key enabling technology whose 

development is essential for Europe and the rest of the world (Larsen et al., 2011). 

Nanotechnology is an emerging technology that has been subject to controversy. 

Nanotechnology is subject to interpretative flexibility by multiple actors (Bijker, 

1992). Both governments, international standards governing agencies, environmental 

NGOs, and laypeople view nanotechnology as a matter of concern (Latour, 2004). 

Nanotechnology is controversial because governments, environmental NGOs, 

international governing bodies, and laypeople have concerns about the potential 

negative long-term consequences of nanomaterials on human health and nature. 

Nanotechnology has been a matter of concern to NGOs and consumers because some 

nanoparticles can be harmful to the environment and human health. Some of the 

popular concerns are nurtured and legitimated by science.  

It is also a matter of concern to actors, who want to commercialise the technology. 

Governance that aims to develop a sustainable and responsible commercialisation of 

nanotechnology is also legitimated by these concerns. 

 The commercialisation of product and process innovations utilizing 
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nanotechnology is now on the political agenda of national governments and 

international organisations.  

There is a stream of R&D and innovation activities within nanotechnology. 

Nanotechnology is highly prioritized on the global scientific agenda in Europe, Asia, 

and North America (Miyazaki & Islam, 2007, p. 665). In 2011 Lux Research 

estimated that the total governmental funding for nanotechnology in 2010 was $17.8 

billion (Sargent Jr., 2013, p. 2).  

Nanotechnology is a pervasive and multidisciplinary technology that challenges 

established boundaries in science.  The multidisciplinary character of nanotechnology 

can be seen in the increasing trend of convergence across disciplinary boundaries. 

Examples of converging disciplines are nanotechnology, medicine, nanotechnology, 

and biotechnology. Nanomedicine is a new discipline that has the potential of solving 

important societal problems, not the least within automated drug delivery and 

imaging.  

Nanotechnology can be utilised in such a wide spectrum of areas that it is not 

possible to talk about one nanotechnology.  

Innovation policy agencies provide incentives for R&D and commercialisation. 

Innovation policy also faces challenges with regard to the rapid deployment of novel 

technologies. Innovation policies should support technological development and 

commercialisation, such as nanotechnology, but governments should also be aware 

not to become a victim of path dependency. It is also important to support alternative 

paths to commercialisation (Fagerberg, 2013, pp. 34-35). 

Nanotechnology R&D requires collaboration between governments, international 

standard governing bodies, OECD, NGOs, and multinational corporations.  
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The United States established in 2000 the National Nanotechnology Initiative 

(NNI) with the aim to support a responsible R&D and commercialisation of 

nanotechnology. National governments in other countries have followed suit. R&D 

and commercialisation of nanotechnology has mostly been the domain of 

governments and multinational corporations 

Governments have made huge investments in R&D with the aim of developing and 

commercialising applications that will solve important societal problems. 

Nanotechnology may also revolutionise the energy sector. Governments have made 

considerable investments in infrastructure such as science parks and laboratories to 

harness the potential benefits of nanotechnology.  

Nanotechnology is utilised in many different applications, such as solar cells, fuel 

cells, rotor blades in windmills, and so on. I will give a more detailed overview of 

nanotechnology applications in the Findings section. Recent developments within 

nanopatterning methods include Multi-Photon-Based-Laser Lithography (MPLL), 

Electron Beam Lithography (EBL), and Nanoimprint Lithography (Guston, 2010). 

Richard Feynman first introduced the concept of nanoscience in December 1959. 

During a lecture at the annual meeting of the Californian Institute of Technology 

entitled “There is plenty of room at the bottom” he mentioned that it is possible to 

manipulate and control electrons at a very small scale, for example reduce the size of 

the Encyclopaedia Britannica 25.000 times or construct a car at an infinitesimal size 

so only a mite can use it. Richard Feynman has been quoted with the following 

famous passage (Lindsay, 2010, p. 393): 

 

What could we do with layered structures with just the right layers? What would the 

properties of materials be if we could really arrange the atoms the way we want 

them? They would be very interesting to investigate theoretically. I can't see exactly 
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what would happen, but I can hardly doubt that when we have some control of the 

arrangement of things on a small scale we will get an enormously greater range of 

possible properties that substances can have, and of different things that we can do.  

 

However, nanotechnology did not become an object of scientific research before the 

1980s. Key inventions such as the scanning tunnelling microscope in 1981 and the 

atom force microscope in 1986 made it possible to carry out research at the nanoscale 

to characterise nanoparticles and create new nanoscale materials and systems 

(Klochikhin & Shapira, 2012, p. 754).  

 

The Thesis' Theme and Structure 

 

Problem Formulation 

 Nanotechnology commercialisation depends on cooperation between many 

different entities, such as funding agencies, Technology Transfer Offices, Public 

Research Organisations, Standards governing bodies, international organisations, 

companies that commercialise product and process innovations based on 

nanotechnology, and the end customer. Since nanotechnology in many ways is an 

enabling technology for existing technologies, it is not easy limit it to just one 

technology. Nanotechnology encompasses everything, and is now used almost 

everywhere.  

 The pure nanotechnology firm is often a spin-off from a university or a research 

institute.  Start-ups depend on access to a commercial and technological infrastructure 

such as laboratories, skilled scientists, and entrepreneurs. Nanotechnology start-ups 

also depend on soft funding from funding agencies. This makes technology transfer 
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particularly relevant to the field of nanotechnology. Nanotechnology start-ups are 

often a result of long-term R&D projects that involve governments, universities and 

the industry. 

 I will give a more thorough description of the various government bodies involved 

in technology transfer of nanotechnology in the findings section. 

I have formulated the following main research question: How should society 

commercialise novel technologies such as nanotechnology? I have also formulated a 

secondary research question: Why is nanotechnology commercialisation 

controversial? 

Chapter 2 is the conceptual framework. The conceptual framework will first define 

innovation, commercialisation and business model innovation. I will then give an 

overview of the innovation concept and product and process innovation. Subsequently 

I will give an overview of the theories that are relevant to value creation and how to 

profit from innovation.  

Chapter 3 is the empirical chapter. The methods section will give a description of 

the research design, apparatus, and data collection procedure. The methods section 

will be mainly based on Yin (2014) .  

Chapter 4 will give an overview of the findings. This chapter consists of the 

findings based on the data from interviews with key informants. The reader will also 

get an introduction to Technology Transfer and Nanotechnology. 

Chapter 5 will provide an analysis and discuss the findings.  
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Limitations of the Study 

In this thesis, I have limited the discussion to nanotechnology commercialisation and 

to start-ups that commercialise innovations either based on one technology or use 

nanotechnology as a complementary asset. The thesis mainly deals with the 

commercialisation of product and process innovations involving nanotechnology. 

Another limitation is that I will not give a thorough overview of nanotechnology. 

However, I will introduce the reader to possible commercial applications of 

nanotechnology in the Findings section. I based the research design on in-depth 

interviews with seven key informants and on multiple sources of evidence. 
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Conceptual Framework 

 Introduction 

Recent literature have emphasised the importance of the development of a business 

model and value creation, e.g. Dmitriev, Simmons, Truong, Palmer, and 

Schneckenberg (2014): An exploration of business model development in the 

commercialization of technology innovation. The literature on business model 

innovation also include Cohen and Levinthal (1989); Cohen and Levinthal (1990)  ; 

Chesbrough (2003); C. M. Christensen (2013); Teece (1986); Teece (2009); and 

Tushman and Anderson (1986).  

A recent book that emphasises the importance of the customer when establishing a 

start-up is Eric Ries: The Lean Startup (Ries, 2011). 

  An historical account of the development of the structure of industrial R&D can 

be found in “Plus ca change: Industrial R&D in the “third industrial revolution” 

(Mowery, 2009). Many of the elements of the Open Innovation Model, which implies 

that firms should exploit both internal and external sources of knowledge, as well as 

internal and external paths to market, were already apparent in the early history 

development of US industrial R&D (Mowery, 2009, p. 5).  

A recent introductory book to Nanotechnology and Atomic Precision 

Manufacturing (APM) is K. Erik Drexler’s book Radical abundance: how a 

revolution in nanotechnology will change civilization (Drexler, 2013). 

Damaging Effects of Multi-walled Carbon Nanotubes on Pregnant Mice with 

Different Pregnancy Times is a recent scientific article on the environmental impact 

of nanomaterials on human health and nature (Qi et al., 2014).  

New knowledge on the environmental impact of nanotechnology can be found in 

the Danish report Environmental fate and behaviour of nanomaterials: New 
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knowledge on important transformation processes (Miljøstyrelsen, 2014). 

Nanotechnology has already had a disruptive impact on the electronics and semi-

conductor industry. Nanosensors have been used in applications that will permit the 

transition to a new internet (The Internet of Nanothings.) (Balasubramaniam & 

Kangasharju, 2013). A general introduction to innovation can be found in Innovation 

- a New Guide (Fagerberg, 2013). 

Process-based vs. product-based innovation: Value creation by nanotech ventures 

is a scientific article about how product and process innovations by nanotechnology 

ventures differ with respect to value creation (Maine, Lubik, & Garnsey, 2012). 

 

Definitions 

Commercialisation 

 A definition of the term “commercialisation” can be converting or moving 

“technology” into a profit-making position. By technology we mean patents and 

proprietary processes, know-how, techniques, equipment, systems etc. (Siegel, 

Hansén, & Pellas, 1995). 

Commercialisation of R&D may also refer to the economic impact of 

nanotechnology, for example in terms of lower CO2 emissions, a more effective 

windmills, a more effective electrical grid, and so on.  

Commercialisation can have both a “broad” and a “narrow” interpretation. 

Narrowly defined, commercialisation refers to patents and other attempts from 

universities to create economic value out of university research. In a broader sense, it 

can refer to all the ways in which universities attempt to create economic value based 

on ownership. 
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Technology Transfer is the process by which the invention of a new technology at 

a university is transferred to the industry through spillovers or out-licensing. 

A business model can be defined as “a concise representation of how an 

interrelated set of decision variables in the areas of venture strategy, architecture, and 

economics are addressed to create sustainable competitive advantage in defined 

markets (Morris, Schindehutte, & Allen, 2005, p. 227)”. 

 

 

The Innovation Concept  

The innovation concept is defined by Schumpeter as a) the introduction of a new good 

with which consumers are familiar with or a new good which has a quality that 

surpasses the old one; b) the introduction of a new method of production, an 

improvement in the production method itself but not necessarily a better product; c) 

The opening up of a new market, irrespective of whether the market existed before or 

is a new creation; d) the conquest of a new source of supply irrespective of whether 

the source was already there or not and e) the carrying out of a new organisation 

either to improve on an existing industry or displace an old one (Schumpeter, 2008, p. 

66).  

 Innovation can be defined as the implementation of new ideas by people who over 

time engage in transactions with others within an institutional order (Van de Ven, 

May 1986, p. 590).  

Innovation can also be defined as a novel idea that maintains a core identity as it is 

developed, implemented and tested over time (Van de Ven, Polley, Garud, & 

Venkataraman, 2008, p. 181).  
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 Innovation should be seen as a cumulative process that is both path-dependent and 

context-dependent (Lundvall & Borrås, 2004, p. 617). It is rare that an inventor 

manages to commercialize his own invention.   

Product and Process Innovation  

According to the Oslo Manual, a product innovation is “the introduction of a good or 

service that is new or significantly improved with respect to its characteristics or 

intended use (OECD & Eurostat, 2005, p. 48). Product innovations are either based on 

combinations of existing knowledge or new knowledge or technologies.  The Oslo 

Manual also mentions that changes in design that do not involve a significant change 

in a product’s characteristics or intended uses are not product innovations (OECD & 

Eurostat, 2005, p. 48). 

The Oslo Manual defines process innovation as “a significantly new or 

significantly improved production or delivery methods (OECD & Eurostat, 2005, p. 

49)” 

 It can be difficult to distinguish between these two innovation types. “If the 

innovation involves new or significantly improved characteristics of the service 

offered to customers, it is a product innovation” and “if the product involves new or 

significantly improved methods, equipment and/or skills used to perform the service, 

it is a process innovation”. But if “the innovation involves significant improvements 

both in the characteristics of the services offered and significantly improved methods, 

equipment and/or skills to perform the service, it is both an process and a product 

innovation (OECD & Eurostat, 2005, p. 53). 
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Appropriability Regime, Dominant Design Paradigm 

and Complementary Assets 

According to Teece (1986) innovative firms may fail to obtain significant economic 

returns from their innovation due to competitors that imitate their innovation. In order 

to profit from innovation one is dependent on complementary assets. A innovative 

firm that only commercialises one innovation may fail, as it lacks the complemantery 

assets that competitors and imitators have. Teece (1986, p. 285) has developed a 

framework that determines which firms are best placed to profit from an innovation.  

These are first movers, the firms that are the first ones in the market with the 

technology; follower firms, which are firms that imitates the first mover, but do not 

have a first mover advantage; and firms that possess related capabilties that are useful 

to the innovator (Teece, 1986). 

 According to Teece a firm needs three fundamental bulding blocks in order to 

profit from innovation (Teece, 1986, p. 286): an appropriability regime, a dominant 

design paradigm, and complementary assets. Appropriability refers to "the 

environmental factors that govern an innovator's ability to profit from an innovation 

(Teece, 1986) ".   

 An innovator can choose either to patent the innovation or keep it behind walls and 

opt for secrecy.  According to Teece (1986, p. 287) an innovator opt for secrecy when 

the innovation is embedded in processes. A process innovation is more difficult to 

imitate than product innovations.  But trade secret protection is only possible when 

thee underlying technology is kept secret.  

  The degree of knowledge, tacit (implicit) or  codified (explicit) knowledge, may 

also affect how easy it is to imitate the innovation (Teece, 1986, p. 287). 
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 According to the dominant design paradigm there are two stages that emerge 

during the evolutionary development of a science (Teece, 1986, p. 287): The pre-

paradigmic stage refers to a situation where there are no pre-defined concept of 

science, and the paradigmic change that sets in when a body of knowledge has been 

accumulated and accepted in science. The paradigmic stage sets the premises for the 

emergence of a dominant design that signals scientific maturity and the acceptance of 

"standards" or normal science (Teece, 1986, p. 287).  Normal science is the dominant 

paradigm till it is displaced by revolutionary science. 

 According to Teece (1986, p. 288) complementary assets play a substantial role in 

generating revenues from the innovation. Commercialiation of an innovation depends 

on complementary assets.  In situations where the know-how is partly tacit and partly 

codified, it should be utilised with other capabilities or assets (Teece, 1986, p. 288). 

The primary example is the Personal Computer, where you need to buy software after 

you have bought the hardware. Another example is containerized shipping, and its 

dependence on terminals in the port to load and unload containers. The automobile 

industry is another example, where cars can be designed and tailored to individual 

customers. 

 There are three types of complementary assets: generic, specialised and 

cospecialised  (Teece, 1986, p. 289). Generic assets are not tailored to the innovation. 

Specialised assets are assets where only one of the assets depend on the 

other.Cospecialised assets are assets where both assets depend on each other (Teece, 

1986).  
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Dynamic Capabilities 

Dynamic capabilities refer to the (inimitable) capacity firms have to shape, 

reshape, configure, and reconfigure the firm's asset base to respond to changing 

technologies and markets (Teece & Augier, 2009, p. 118).  

A key challenge for management is how best to employ the company’s 

existing assets, and how to reconfigure and augment assets and tie them together into 

a viable business model to help increase the value proposition brought to the 

customers (Teece & Augier, 2009, p. 100).  

The management´s coordination and resource-allocating capabilities and 

dynamic capabilities can shape market, as much as markets shape the company 

(Teece & Augier, 2009, p. 101). 

 A fundamental problem the firm may encounter is the need for asset coordination, 

orchestration, and associated investment (Teece & Augier, 2009, p. 101) However, 

the dynamic capabilities of the firm - including its ability to introduce new services 

and products to the market – not only shape markets, but also require firm-level 

responses from suppliers, competitors, and even customers (Teece & Augier, 2009, p. 

101).   

The entrepreneur in the dynamic capabilities framework is in part Schumpeterian 

(the entrepreneur seeks new combinations and introduces something new) and in part 

evolutionary (the entrepreneur seeks to promote and shape knowledge) (Teece & 

Augier, 2009, p. 105).  

 The dynamic capabilities framework views the firm as an incubator with difficult 

to replicate technological and organizational assets (Teece & Augier, 2009, p. 107). 

The firm has to develop distinctive processes that support the creation, protection and 

augmentation of firm-specific assets and competences.  These competencies and 
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assets reflect distinct ways of doing things inside the firm, individual skills, and 

experiences, and are difficult to imitate. They can therefore be deployed and 

redeployed in the market (reflecting the dynamic capabilities), and can provide the 

foundation for competitive advantage (Teece & Augier, 2009, p. 107) 

 According to Teece (2014) firms with strong dynamic capabilities exhibit 

technological and market agility: They also use less hierarchy." Agility, coupled with 

the ability to sense new opportunities and threats, supports evolutionary fitness 

(Teece, 2014, p. 18) ”. 

 

Business Model Innovation 

Chesbrough (2003) emphasised the importance of the business model with respect to 

articulating a value proposition, defining a market segment, defining the structure of 

the firm’s value chain, specifying revenue generating mechanisms for the firm, 

describing the position of the firm within the value network, and formulating a 

competitive strategy to gain a competitive advantage (Chesbrough, 2003, pp. 64-65). 

 The theory is particularly well adapted to the study of new technologies, as the 

successful commercialisation of novel technologies involves both technical and 

market uncertainty (Chesbrough, 2003, p. 11).  

 A value proposition requires a preliminary definition of what the product offering 

will be and the way the customer will use it (Chesbrough, 2003, p. 65). What problem 

does the product solve for the customer? The most useful way to think about a value 

proposition is to look at it from the customer's point of view (Chesbrough, 2003, p. 

65).  

 The value proposition needs to target a group of customers, or market segment that 

can appreciate what the company has to offer and can provide the resources needed to 
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go on with the project. Customers usually value technology in terms of its cost-

effectiveness or its potential to create new possibilities or solutions (Chesbrough, 

2003, p. 66).  

 Companies need to define their customer base in advance so they know what types 

of technologies they should target in development (Chesbrough, 2003, p. 66). 

Targeting a market segment with a clear value proposition informs choices of what 

must be done and what can be omitted in the technical domain (Chesbrough, 2003, p. 

66).  

 

Absorptive Capacity  

Cohen & Levinthal coined the term absorptive capacity in their seminal articles 

Absorptive Capacity: A New Perspective on Learning and Innovation (Cohen & 

Levinthal, 1989) and Absorptive Capacity: A New Perspective on Learning and 

Innovation (Cohen & Levinthal, 1990). Absorptive capacity depends on the firm's 

own R&D.  

 The exploitation of external sources of knowledge depends on a firm's absorptive 

capacity. Absorptive capacity determines the extent to which external sources of 

knowledge are utilised. 

  Absorptive capacity can be defined as "the firm's ability to recognise the value of 

new information, assimilate it, and apply it to commercial ends (Cohen & Levinthal, 

1990, p. 122). Absorptive capacity depends on the firm's own R&D. Absorptive 

capacity can also impact the firm' appropriability and technological opportunities on 

R&D (Cohen & Levinthal, 1989, p. 41). Absorptive capacity interacts with 

competitors' spill-overs.(Cohen & Levinthal, 1990) 
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According to Nelson and Winter (1982), in most cases firms develop their ways of 

doing things and knowledge incrementally. Knowledge consists of practice that is 

reproduced through routines. But this can constrain the firm´s capacity for absorbing 

new knowledge (Tushman & Anderson, 1986).  

  

Technological Discontinuities 

 Rosenberg (1972) defined technology as "those tools, devices, and knowledge that 

mediate between inputs and outputs (process technology) and/or that create new 

products or services (Tushman & Anderson, 1986, p. 440)." 

According to Tushman & Anderson, there are major technological shifts or 

shakeouts. These can be classified as either competence destroying or competence 

enhancing.  

 Technological discontinuities either destroy or enhance the competence of existing 

firms in an industry. Competence enhancing technological shifts require new skills, 

knowledge, and abilities in both the development and production of the product 

(Tushman & Anderson, 1986, p. 442). Competence-destroying discontinuities 

fundamentally changes the set of relevant competences within a product class 

(Tushman & Anderson, 1986, p. 442).  

 According to Tushman and Anderson (1986, p. 444), there are product-class case 

studies that indicate that technological change is incremental. Technology progresses 

in stages through long periods of incremental, competence-enhancing change 

(Tushman & Anderson, 1986, p. 444). These incremental, competence-enhancing 

periods of technological change represent a particular dominant design (Tushman & 

Anderson, 1986).  However, the long periods of technological change can be 

punctuated by competence-destroying technological discontinuities, e.g. process or 
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product substitution or a competence-enhancing technological advance (Tushman & 

Anderson, 1986, p. 244). The theory implies that technological change is cyclical. 

Technological discontinuities will trigger a period of ferment culminating in a 

dominant design. 

 

Sustaining and Disruptive Technologies 

Sustaining technologies are those that are discontinuous and radical in character 

(C. M. Christensen, 2013).  

 Sustaining technologies improve the product's performance with respect to the 

level that the major markets have historically valued (C. M. Christensen, 2013).  (C. 

M. Christensen, 2003, p. 11). According to Clayton Christensen, most technologies 

are sustaining in character. 

 Disruptive technologies, on the other hand, bring to the table a very different value 

proposition than had been available previously (C. M. Christensen, 2003). Initially 

they tend to underperform established products in mainstream markets. Nevertheless, 

they exhibit features that new customers value. According to Clayton Christensen,  

products that take advantage of disruptive technologies are typically cheaper, smaller, 

simpler, and more convenient to use (C. M. Christensen, 2003).  
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Figure 1 Disruptive technology Source: Belfor (2013) 

 

 

 

Open Innovation 

 Some firms have adopted innovation models based on Open Innovation (OI). I will 

here give an overview of OI and how it can apply to companies that leverage 

nanotechnology in their innovation processes.  

 Open innovation means that the firm needs to open up its boundaries to let 

information flow in from the outside in order to create value through cooperation with 

partners, customers and suppliers (Gassmann & Enkel, 2004, p. 2). 

 By Open Innovation we mean systematically searching and exploring a wide range 

of internal and external sources of innovation opportunities, consciously integrating 

that exploration with firm-specific knowledge and capabilities, and broadly exploit 

those opportunities through multiple channels (West & Gallagher, 2008, p. 82).  

 Most industrial firms have traditionally focused on developing new technologies 

based on the exploitation of knowledge and competencies that are internal to the firm.  
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 OI processes are subject to multiple internal and external technology sources and 

multiple internal and external technology commercialisation channels (J. F. 

Christensen, Olesen, & Kjær, 2005). 

 Figure 2 depicts the Open Innovation paradigm for managing industrial R&D 

(Chesbrough, 2003).   

 

 

 

Figure 2 Open Innovation paradigm for Managing Industrial R&D   (Chesbrough, 2003) 

 

 

 

Open Innovation stands in contrast to closed innovation. It is a paradigm that 

assumes firms can and should use internal and external paths to commercialisation. 

Open Innovation combines internal and external ideas into an architecture or system 

that makes up a business model (Chesbrough, 2003). Whereas the business model 

creates value through internal and external ideas, a portion of that value is claimed by 

internal mechanisms. Open Innovation means that internal ideas also can be exploited 
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outside the firm. Typical leakage mechanisms are start-ups and external licensing 

(Chesbrough, 2003). 

Open Innovation assumes that there is a landscape of abundant knowledge. This 

necessitates another approach to gathering knowledge than in the old paradigm of 

closed innovation. 

There are also numerous examples of lesser products that have displaced better 

technologies with an inferior business model (Chesbrough, 2003). The business 

model decides what problems will be solved for the customer, and this has 

implications for managing Intellectual Property Rights. 

How firms manage IP is important in Open Innovation. In a world of abundant 

knowledge, selling their own IP to others and buying external IP can be advantageous 

to the firm. Instead of building things from scratch, firms can buy external IP 

(Chesbrough, 2003). 
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Analytical Framework  

I have chosen to do a single case study with a holistic design. I have chosen a 

holistic approach because I wanted to make an in-depth study of the phenomenon 

nanotechnology commercialisation. In this study I have chosen to use a one-phase 

approach (Yin, 2014, p. 95). Prior to collecting the screening data, I have defined that 

each informant should have extensive knowledge about commercialisation. 

 

Multiple Sources of Evidence 

The data collection procedure should include 4 principles of data collection (Yin, 

2014, p. 118). 

' The first principle is to use multiple sources of evidence, such as documentation, 

archival records, and interviews. The second principle is to create a case-study 

database (Yin, 2014, p. 123). The third principle is to maintain a chain of evidence 

(Yin, 2014, p. 127).  

 The principle is to permit an external observer to follow the chain of evidence from 

the initial research questions to the conclusion. The fourth principle is to exercise care 

when using data from electronic sources. This implies setting limits, such as how 

much time to spend, and have some ideas of the centrality of the information to your 

research (Yin, 2014, p. 129). 

In this case study I have used multiple sources of evidence (Yin, 2014, p. 118).  I 

can then address a broader range of historical and behavioural issues (Yin, 2014, p. 

120).  However, the most important advantage of using multiple sources of evidence 

is the development of converging lines of inquiry (Yin, 2014, p. 120).  
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Data triangulation helps to strengthen the construct validity of the case study. 

 Multiple sources of data provide multiple measures of the same phenomenon. 

 There are four analytic strategy techniques the researcher should attend to (Yin, 

2014, p. 168): First, your analysis should show that you attended to all the evidence. 

Second, your analysis should address all plausible rival interpretations (Yin, 2014, p. 

168). Third, your analysis should address the most significant aspect of your case. 

 

What is a Case Study? 

“A case study is an empirical enquiry that investigates a contemporary 

phenomenon (the “case”) in depth and within its real world context, especially when 

the boundaries between phenomenon and context may not be clearly defined (Yin, 

2014, p. 16).” 

 For case studies the most important use of documents is to corroborate and 

augment evidence from other sources (Yin, 2014, p. 107). Documents are helpful in 

verifying the correct spellings and titles or names of organisations mentioned in an 

interview. Documents can provide specific details that corroborate information from 

other sources. Third, one can make inferences from documents, which could be 

helpful when formulating new questions with respect to the topic. 

 There are two variants of single case studies (Yin, 2014, p. 55): the holistic design 

and the embedded case study design.  The holistic design is preferable when no 

logical subunits can be identified or when the relevant theory underlying the case is of 

a holistic nature (Yin, 2014, p. 55). A problem with the holistic design is that the 

entire nature of the case study may shift during the course of the study. 

 An embedded design also has its pitfalls (Yin, 2014, p. 55). If the case study 

focuses only on the subunit level it may fail to return to the larger unit of analysis. 
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 The logic underlying the use of multiple case studies applies also to single case 

studies: “Each case must be selected so that it either a) predicts similar results (a 

literal replication) or b) predicts contrasting results but for anticipatable reasons (a 

theoretical replication) (Yin, 2014, p. 57)”.  

 If the cases are in any way contradictory, it can be necessary to revise and retest 

the initial propositions with another set of cases (Yin, 2014, p. 57). 

 The data collection procedure in a case study differs from other research methods 

such as participatory observation. When conducting a field study the researcher is a 

part of the environment he or she is studying. In a case study the interviewer must 

cater for the interviewees´ schedules and availability (Yin, 2014, p. 88). The nature of 

the interview is in this respect more open-ended. In addition, an interviewee may not 

always cooperate or stick to my line of questions. When making observations of real-

world activities, one is intruding into the world of the case and of the participants 

being studied rather than the reverse (Yin, 2014, p. 88). 

 The researcher should also develop a protocol mentioning the major tasks of 

collecting data (Yin, 2014, p. 89): 

 Gaining access to key organisations or interviewees; 

 Having sufficient resources while conducting field work – such as an audio 

recorder; 

 Developing a procedure for calling for assistance from my supervisor, if 

needed; 

 Making a clear schedule of the data collection activities that need to be 

completed within an expected time frame; 

 Providing for unanticipated events, such as changes in the availability of the 

informants. 
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Depending upon the nature of the case study, the specific procedure will vary.  

 

Sampling Strategy  

The sampling strategy is purposive sampling. Informants have been selected based 

on their position (e.g. CEO, Advisor), or their area of expertise (e.g. technology 

transfer, funding). I informed the informants in advance about the topic of the 

interview, the deadline for the project, and the goal of the project.  

I contacted the informants via email or phone. Interviewing requires that the 

interviewer acquire some knowledge of the topic. Nanotechnology is also a very 

broad topic, so I had to try to find informants that actually worked with 

commercialisation of university research. What I found is that scientists that work 

with basic research at universities had little knowledge about nanotechnology 

commercialisation.  Those who were most knowledgeable about nanotechnology 

commercialisation were not scientists. Rather, they were commercial agents working 

at the Technology Transfer Office, advisors/directors from government bodies, and 

CEOs actually working with a commercial prototype or actually developing new 

technologies for market applications. 

My impressions was that commercial agents working towards the market and 

developing businesses on a daily basis were the most knowledgeable of 

nanotechnology commercialisation.  

The findings will be coloured by my initial assumptions of the phenomenon 

nanotechnology commercialisation. The interviewer is the main instrument for 

collecting the data. I therefore take responsibility for any mishaps or inaccuracy in the 

data. The time spent on interviewing was usually between 30 minutes and one hour. I 
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discovered that phone interviews and interviews with Skype took less time. Table 1 is 

an overview of key informants.  

 

Table 1 Overview of key informants 

Key Informants Company                                  Position Interview date 

Informant 1 Funding Agency Director 6.8.2013 

Informant 2 Science Park CEO 7.8.2013 

Informant 3 Funding Agency Special Advisor 12.8.2013 

Informant 4 Start-up CEO 14.8.2013 

Informant 5 TTO Business Developer 19.8.2013 

Informant 6 TTO IPR Manager 20.8.2013 

Informant 7 Venture Capital Fund Investment Associate 11.9.2013 
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Data Collection and Verification  

The thesis has followed two methods for collecting qualitative data: secondary 

data, which will be the empirical basis of the thesis, and interviews with key 

informants. The research design was semi-structured interviews with key informants. 

I have also used multiple sources of evidence, such as books, reports, and databases. 

The choice of informants may affect the results of the study. 

 The choice of data collection procedure is the qualitative semi-structured 

interview.  

 

Primary Data 

The primary data collected was to a large degree collected through in-depth 

interviews. I relied on interviews with informants that had extensive knowledge about 

the phenomenon.   

 

Secondary Data 

I have used multiple sources of evidence such as government documents, annual 

reports, and scientific articles. I used documentary evidence to gain a thorough 

understanding of the phenomenon. 

 

Literature Search 

I have used the following databases in the literature search: Academic Search 

Premier, ProQuest, Google Scholar, IEEE XPlore, ScienceDirect, Scopus, and 

Springer Link.   
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Data Analysis 

Computer assisted qualitative data analysis software cannot replace the researcher, 

but the software can serve as a reliable assistant and an able tool (Yin, 2014, p. 134). 

Developing a full and rich description of the case and answer “how” and “why” 

questions will require much post-computer thinking and analysis (Yin, 2014, p. 134).  

I did this process by iteration, gradually building more complex categories or groups 

of codes. 

 Verbatim records are likely to be only part of the case study evidence study. The 

case study will typically be about complex behaviour occurring within a real-world 

context (Yin, 2014, p. 135). 

 I have used ATLAS-ti for iPad for the data analysis. 

 

Scientific Credibility 

One way to ensure credibility of a study is through triangulation. Data triangulation 

helps to strengthen the construct validity of the case study (Yin, 2014, p. 121). 

 

Construct Validity 

Construct validity means identifying correct operational measures for the concepts 

being studied (Yin, 2014, p. 46). To meet the test of construct validity, a researcher 

must be sure to cover two steps (Yin, 2014, p. 46).  

 



30 

 

1. Define neighbourhood change in terms of specific concepts (and relate them to the 

original objectives of the study) and 

 

2. Identify operational measures that match the concepts (preferably citing published 

studies that make the same matches)  

 

In order to ensure the construct validity of the thesis, I have used multiple sources of 

evidence. These are, are not limited to documentary reports, databases, and persons 

who are knowledgeable about the topic. 

External Validity 

External validity is a test that deals with whether the findings are 

applicable/generalizable beyond the immediate study, regardless of the method used 

(Yin, 2014, p. 48). 

I tested the data for external validity by comparing them with existing scientific 

research on nanotechnology commercialisation, such as reports, government 

documents, and scientific articles. 
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Table 2 Case study tactics for four design test (Yin, 2014, p. 45) 

Tests Case study tactic Phase of research in which 

tactic occurs Construct validity use multiple sources of evidence data collection 

establish chain of evidence data collection 

have key informants review draft case study 

report 

composition 

Internal validity do pattern matching data analysis 

do explanation building data analysis 

address rival explanations data analysis 

use logic models data analysis 

External validity use theory in single-case studies research design 

use replication logic in multiple-case studies research design 

Reliability use case study protocol data collection 

develop case study database data collection 

 

 

Ethical Considerations 

I followed the ethical guidelines set out by the Norwegian Social Science Data 

Services. I reported the project to the Norwegian Social Science Data services with 

project number 35386.  

 

AI sent a request for an interview to tall informants in advance by email. I followed 

the principle of informed consent throughout the interview process. I informed all the 
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informants of their right to withdraw from the interview at any time and that I will 

delete the recordings after completing the project. 
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Findings 

I will present here the findings I have made from the qualitative semi-structured 

interviews. Table 3 presents some of my findings with respect to the commercial 

strategies of nanotechnology start-ups. 

 

Commercial Strategies of Nanotechnology Start-ups 

 

Table 3 Commercial strategies of Nanotechnology Start-ups 

Key 

Informants 

 

 Commercial Strategies Commercial Barriers Recommendations/ 

Measures 

Informant 1 Cooperation upwards and 
downwards the value 
chain 
 
Collaboration with the 
Public Sector 
 
Superb technology 
knowledge 
 
 
Technology (market) push 
 
 

Market accept  Soft-funding 
 
 
Understand the needs 
of the industry 
 

Informant 2 Build Core Competence 
 
Technology knowledge is a 
competitive advantage 
 
Problem-solving 
 
Networking 
 
International 
Collaboration 

Market accept 
 
Market restrictions 
 
 

Open Innovation 
 
Focus on utilisation of 
the technology 
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Informant 3 Strategic partner 

 

Collaboration with the 

Public Sector 

 

Build Core Competence 

 

 

Find suppliers 

 

Market access  

 

Market accept of the 

technology 

Soft-funding 

 

 

Select the best arenas 

 

Gain access to State 

of the art equipment 

 

Be specific about 

what one wants to 

commercialise 

 

Be updated  

 

 

Informant 4 Technology knowledge 

 

Strategic Partner 

 

Collaboration with the 

Public Sector 

 

Niche market 

 

Build core competence 

 

 

 

Cost  

 

Change from old 

technology to new 

technology 

Soft-funding 

 

Technology Licensing 

 

 

 

 

Informant 5 Technology Ownership 

 

Collaboration with the 

Cost 

 

Often no match 

Soft funding 

 

Sell services to the 
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Public Sector 

 

Pilot Customer 

 

Technology Follower 

 

 

 

 

 

 

between investors 

and nanotechnology 

start-ups 

University 

 

Technology Licensing 

 

 

Informant 6 Technology Ownership 

 

Clear Definition of the 

technology 

 

Proprietary Technology 

 

Unique technology 

 

First mover 

 

Technology Push 

 

 

 Time to market Soft funding 

 

Technology Licensing 

 

Technology 

Outsourcing 

 

Sell Services to the 

University 

 

Partnerships with 

strong research 

environments 

 

 

 

Informant 7 Clearly definable, 

quantitative, value 

proposition to the 

customer/end-user 

 Time to market 

 

Established 

Companies may 

Soft Funding 

 

Search for 

information 
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Unique technology 

 

Refine the technology 

 

Fine-tune the innovation 

to the value competition 

for the customers 

 

Niche market 

 

have legacy issues  

Establish contact with 

a good IP Agency 

 

Technology Licensing 

 

Patents 

 

Publishing 

 

Networking/talking to 

people 

 

Focus on finding the 

right customers 

 

Be strong on 

Company 

Research/Credit 

Research 

 

Set up an internal IP-

Strategy 

 

Find a way of 

hierarchizing 

innovations.  

 

 

 

 



37 

 

Data Analysis 

 

Commercial Strategy 

 

What is the best commercial strategy with respect to defining market segments, 

negotiating partnerships, funding, acquiring knowledge and leveraging market 

opportunities? 

 
Informant 3

  

The best commercial strategy would be to find a strategic partner.  

The nanotechnology start-up should also select the best arenas, be 

updated about what is going on, be specific about what they aim to 

commercialise, not to be too broad, and gain access to State of the 

Art equipment. 

 A nanotechnology start-up should also build their own 

competence and collaborate with research organisations and 

universities that can help them build this competence. They should 

also have a good strategy to find suppliers. Companies both build 

their own competence and buy a lot of R&D services from 

universities and the institute sector. 

 

Informant 7 Search for information is an important part of commercialisation. A 

start-up needs to get out there [the market] and do the same things 

as investors do, which is to search for information about customers, 

markets, and competitors.  The best way to leverage market 

opportunities would be to establish contact with a good IP-agency 

that has the competence in the specific field that start-up is working 

in. The start-up should also set up an IP-strategy internally in the 

company so they have a way of hierarchizing innovations. Then the 
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start-up can do both patents and publishing. It is also important to 

be strong on company research and credit research. 

 

Informant 4 The best way to leverage market opportunities was first to identify 

what they wanted to do and second, to find what part of the market 

was willing to pay for that. The start-up's main commercial strategy 

was to use as much governmental funding as possible in the 

development phase of the technology. In the commercialisation 

phase, a start-up should collaborate up with strategic companies. 

Then it can do both licensing and direct sales, as Intel sells 

processors to big computer companies. 

 

 

Technology Leadership 

How can a company become a technology leader in nanotechnology? 

 
Informant 1  Informant 1 mentioned that into become a technology leader in 

nanotechnology a company has to collaborate with the 

environment that is most competent, e.g. universities and global 

academia. The start-up should seek collaboration with the most 

competent environment, whether the competence is in Norway 

or abroad; search for competence both nationally and 

internationally; and have a global scope when developing the 

technology. The start-up should seek collaboration with 

companies that want to use nanotechnology as a competitive 

measure in order to gain competitiveness.   
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Informant 2 Informant 2 said that it is not possible to become a technology 

leader in nanotechnology as the field is so broad and 

encompasses everything. For example, BASF is mainly a materials 

producer, but they use nanotechnology as a tool. Nanotechnology 

is just a tool to achieve better products. Norway has traditionally 

focused on raw materials. Nanomaterials are low down on the 

product chain. Becoming a technology leader in nanomaterials 

would be a third-world kind of effort. Norway would be better 

served by focusing on the utilization of the technology they have 

developed, or of technology with developments in other places, 

like networking and developing things with companies in other 

countries.  [Informant 2 also emphasizes networking and 

international collaboration].  

 

Informant 5 Informant 5 responded that to become the technology leader a 

start-up has to choose something very narrow. The technology 

has to be at the higher end of the value chain, as time to market 

is important. According to informant 5, only the large companies 

have the resources to develop the technology, and none of them 

is in Norway. Start-ups might generate revenues by pursuing a 

pure follower strategy through further research, by finding 

something new, or because they possess the market knowledge. 

The best commercial strategy for a large company would be to 

opt for the safest, unite the research, and look for opportunities 

to become a bridge between market and research. 

 

Informant 4 One first needs to develop a disruptive technology that can really 

make a change; second, one needs enough capital/cash to 

develop the technology into something useful. 
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Informant 3 Informant 3 responded that a technology leader needs to know 

the field very well; a technology leader needs to have a very 

narrow scope, be focused, and work in good networks nationally 

and internationally, not the least collaboration. 

 

Informant 2 Informant 2 responded that it is not possible to become a 

technology leader in nanotechnology, as the technology 

encompasses everything.  

 

Informant 6 Informant 6 responded that the only way to become a technology 

leader is to develop a unique technology that is proprietary and 

become a first mover. 
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Commercial Potential 

How do you access the commercial potential of a start-up? 

 

Informant 5  Informant 5 responded that the TTO assesses the commercial 

potential of a start-up by looking at how they reach their goals, 

how they solve unanticipated problems, and on how good the 

cooperation climate is between board and management. The TTO 

accesses the commercial potential of a start-up before it has 

revenues. If a start-up already has revenues, the TTO would look at 

how much it is. The TTO will also look at the stock price, and 

whether it has a regular development or a dip. If the stock price 

has a dip, it is almost a rule that it will never go back to its original 

price point.  

 

Informant 7 TTOs/public venture funds assess the commercial potential of a 

start-up by looking at what the CEO/entrepreneur has attempted 

earlier and the CEO/entrepreneurs experience from the industry. It 

is important to have experience and be knowledgeable of the 

industry and of the scientific research going on in the field 

(personal communication, 11 September 2013): 

 You could have either a technology innovation or a value innovation. The best 

way to go about is to take the technology and look at different customers, 

different market applications, and then put that one technology, which could be 

anything, and adapt it to different customers and applications, and that is your 

value innovation. 
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Informant 5 Nanotechnology start-ups are difficult to assess as an investment 

opportunity because it is very difficult to get professional 

assessments. When one develops something new, there is a high 

degree of uncertainty. According to informant 5, that uncertainty is 

difficult to grasp. It is not enough to have some knowledge of 

nanotechnology when firms are so knowledge-intensive. One has 

to ask the right questions. In order to do that, one has to be able to 

follow the discipline at the chemistry and physics level. According 

to informant 5, Nanotechnology is a domain reserved for the few, 

either large companies or small knowledge-intensive firms located 

close to a university, and they have to be world leading. 

Informant 5 mentioned that they have only had two successful 

exits of all the nanotechnology start-ups they have had.  

 

Informant 7 “… if one wants to be an entrepreneur in a lower complex 

technology company, but the product itself is not that complex … 

but all the things that go into it are complex … one needs some 

experience in the market and the industry to pull that off (personal 

communication, 11 September 2013)”. 

 

Informant 6 The commercial strategies of nanotechnology start-ups do not 

differ very much from other start-ups that commercialise R&D 

intensive technologies. They are very dependent on having a clear 

definition of the technology. 
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Determinants of Success 

What are the determinants of success in nanotechnology? 

 
Informant 5

  

Informant 5 responded that nanotechnology ventures require people 

to be very knowledgeable of nanotechnology. They should have some 

experience and competencies about the technology, and know what 

they are doing.  

 

Informant 1 1.    One determinant for success is to have superb technology 

knowledge 

2.    Seek cooperation upwards and downwards in the value chain. 

The company needs to seek cooperation upwards with 

universities and research institutes. The company needs to 

seek cooperation downwards with other companies that use 

the technology. 

3.    Understand the needs of the industry (personal 

communication, 6 August 2013): 

 

… you have to have a superb technology knowledge… and you have to seek 

cooperation both upwards and downwards in that sense … upwards in that sense 

as you have to cooperate with the universities and with those who have the most 

skilled competence in those fields …  downwards, in the sense because you have to 

cooperate with companies that are a user of the technologies …  getting 

cooperation with paint factories, food producers … understand what are the needs 

of those industries and how can my technology help them keep them making even 

better products. 
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Core Competence 

Several informants mentioned core competence and problem solving as their 

commercial strategies. 

 

 

Informant 2

  

They are not pushing nanotechnology for any reason. They are 

problem-solvers. When the company sees a promising technology 

that solves a problem it has the competence to apply it.  

 

 

Informant 7 According to informant 7 a start-up should expect to be in focus; find 

the customers that have the biggest problem you can solve, and have 

the money to pay for it, and work it down … it is really about 

focusing, making priorities, and actually turning them true, and 

finding the right customers (personal communication, 11 September 

2013).  

 

 

 

Informant 2 According to informant 2, to commercialise anything you need to find 

out what you want to solve (personal communication, 7 August 

2013): 

 

To commercialize anything you need to solve the basic challenges, 

ant not lock yourself to one technology. If you only base yourself on 

one technology, you strive all the time to overcome barriers. In order 

to commercialize anything, you need someone who has a problem 

and a way of solving it. 
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Informant 4 According to informant 4, the start-up leverages market 

opportunities by developing their core competence. By building its 

core competence, the start-up is building trust in the market. By 

building the core competence of the team the start-up also builds 

their competence in the market [market knowledge]. 

 

 

Competitive Advantage 

What would you consider the main competitive advantage of a start-up? 

 
Informant 7

  

The main competitive advantage of a start-up vs. an established 

company is that it can focus on the technology. Start-ups have no 

legacy issues. It has to be possible to place it in a product or service 

that is clearly definable, quantitative, and a value proposition to the 

customer.  

A start-up can be much more focused. For example, a start-up can 

focus on a local product that matches the market and that has an 

excellent value proposition for the customer. According to 

informant 7, a start-up that commercialises an innovation has to be 

out in the market and be customer-focused. It is important to start 

on day one and have a very open mind. A firm needs to look at the 

technology and market opportunity, chase one plan, and investigate 

the market. 

 The best way a start-up can position itself in the market is to 

focus on where the technology, product or service can have the 

most impact and where it solves the biggest problem for the 

customer and the value proposition is strongest. This might be a 

niche market or a handful of customers with a very specific 
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problem.  

 

 

Promising Applications 

What are the most promising applications of nanotechnology in your company? 

 

Informant 2

  

The introduction of small technologies, miniaturization, and the 

dimensional effect (the effect that comes from the reduction in 

dimensions) have opened new possibilities [market opportunities]. 

By introducing micro- and nanotechnology, we can enable functions 

that we could not make happen before. According to informant 2, 

nanotechnology introduces small incremental changes to an existing 

need. 

 

According to the company’s philosophy, there are three unknowns: 

technology, product applications and market. Informant 2 mentions 

that if all these three areas are unknown there may not be a market 

for the innovation. An innovation can take a long time to be 

commercialised: The average time of commercialization from 

functional industrial prototype to full market penetration is in the 

vision of 17 to 18 years. 

 

Informant 2 also mentions the limitations of nanotechnology 

(personal communication, 7 August 2013):  

 

…in terms of the reduction in size of memory chips the reduction in size is causing 

problems…are causing materials…because of the changes in resistance…the 

availability of electrons in channels… the heat production…and thermal 

management of these…the reduction in materials is producing challenges…and it 
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is also some concern that you cannot continue going past these quantum-

mechanical…then you find the theory is kind of also changing…the theory on the 

limits is also changing… 

 

 

 



48 

 

Innovation Process 

How does the innovation process in nanotechnologies differ from the linear model 

(research/development/production/marketing)? 

 Informant 1

  

According to informant 1, R&D in the field of nanotechnology follows 

the same steps as the linear model, but the research part is far more 

extensive than in many other innovation processes (personal 

communication, 6 August 2013): 

 …To my knowledge I am not sure if it differs very much … I think it’s more or less a 

discussion on how big the processes are between the three … stages… because I 

think the research and development part of it is perhaps… more intensive and more 

demanding in…than in many other processes… that I think to my knowledge … you 

have the same steps as you describe here… that…I think the two first stages are far 

more extensive than in many… other innovation processes… So in my idea… that is 

the biggest difference from the normal…so to speak… process 

 

Informant 2 The innovation process in nanotechnology is similar to the linear 

model, but it takes a much longer time from the start of the research 

to market. Informant 2 mentions that nanotechnology is not a 

market, but a tool. People are mostly not concerned with 

nanotechnology from the user point of view, but are concerned with 

how best you can solve a problem. Companies have a longer path 

when they use disruptive technologies, because they need both a 

product that solves a problem and to gain acceptance of parts that 

are used to solve the problem [market acceptance]. Labeling 

something with nanotechnology in some areas might be detrimental 

to the process. Companies are not trying to push nanotechnology 

partly due to public fear of nanotechnology.  
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Informant 5 Norway has produced little in terms of profitable nanotechnology 

ventures: “The innovation processes are absent…I can’t see any 

innovation process at the universities (personal communication, 19 

August 2013)” 

 

Informant 7 Most start-ups do not have innovation processes. They are based on 

one innovation or technology, and they try to make an innovation out 

of that, either to put it into a product or service. The start-up would 

probably change their product or service a few times around and 

fine-tune [match] it to the value competition for the customers. 

 

 

 

Innovation in Nanotechnology 

How does the innovation process in nanotechnology differ from biotechnology? 

 

Informant 5 According to informant 5, R&D in biotechnology differs from 

nanotechnology. The advantage with biotechnology is that when you 

first have a product ready for commercialisation, the market is set. 

Informant 5 says: “you know all the time….which new medicines are 

on their way…that will solve the same thing…nanotechnology is 

somewhat the opposite…there are few examples (personal 

communication, 19 August 2013)”.  

Informant 5 continues:  “… nanotechnology is similar to biotech but 

there is no structure from before … many of the largest companies 

are secretive…. as I heard there was a large German company that 

was shutting down its operations….they don’t believe in it any more 
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(personal communication, 19 august 2013)” 

From the perspective of informant 5, the innovation part is only 

linked to technology development and research (personal 

communication, 19 August 2013).   

Innovation in nanotechnology is supported either by EU-Calls or by 

grants that are local. Projects that receive EU funding are more 

successful. Norway invests much more in basic research in 

nanotechnology than Sweden.  

 

 

Expertise 

Has Norway special expertise in nanotechnology in the energy area? 

 

Informant 2  Norway has some advantages in terms of a high level of 

competence in leading technologies and in the way that we are 

developing products. Informant 2 does not know whether 

Norway has any particular advantages in the domain of 

nanotechnology.  Informant 1 is also uncertain about whether 

nanotechnology is even part of the big picture with respect to 

energy, as it is just a tool. 
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Open Innovation 

Is Open Innovation the right path for Norwegian companies? 

 Informant 2  Informant 2 thinks that OI is the right path for all companies. A 

company needs to see the opportunities and adapt them to its 

strategy.  

 

Barriers to Commercialisation 

What are the largest barriers to nanotechnology commercialization? 

 Informant 1

  

One of the largest barriers is market accept. Another barrier is time 

to market, resources and skills that are required to develop the 

technology. Access to funding can also be a very large barrier. 

 

 

Governmental Funding 

How important is government funding for nanotechnology commercialization? 

 

Informant 2

  

“… It should not be a goal to commercialize nanotechnology. 

Nanotechnology is just a means to make a better solution for 

something else (personal communication, 7 August 2013)”.  

Informant 2 emphasizes that one does not make nanotechnology 

products proper (personal communication, 7 August 2013):  

... One makes automotive, medical products, and defense products. The point is 

that you are using a technology to overcome a problem that has nothing to do with 

nanotechnology. The problem is somewhere else, but you are utilizing 
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nanotechnology because you have the knowledge and know-how. It is the 

knowledge that has the biggest value. You commercialize other products based on 

your strengths and competence in nanotechnology. Nanotechnology is value-added. 

However, the value chain is in a totally different area … one barrier to the utilization 

of nanotechnology is market acceptance. For example if the bread producer tells 

people that he used nanotechnology to make the bread last longer, he will not be 

able to sell them. Nanotechnology is a technology that produces nanoparticles. 

Another barrier can be that the technology is so advanced that you cannot reach a 

larger market because restrictions are posed on where you can sell the product. 

Micro- and nanotechnology is so vast that you cannot really talk about 

nanotechnology. Nanotechnology encompasses a wide specter of technologies … 

there are a lot of efforts in Norway in micro and nano-systems technology …  a  lot 

of efforts have also been made on materials technology and Norway should try and 

utilize this competence in new companies … this isn’t an attempt to push the 

technology, but it is an attempt to look at it from the other side, and see how we 

can solve the problem … Norway does not only need knowledge about micro- and 

nanotechnology, but also knowledge of a wider field. Those two need to be 

combined 

Informant 2 adds that “this is why we talk about Open Innovation and 

the inclusion of all sorts of competences … research is one thing ... 

you have people who are highly specialized in one field … but when 

you get to the commercialization you need to bring in a whole 

different specter of competences, … and they may be miles apart 

from the technology (personal communication, 7 August 2013)”  

Informant 2 thinks it has something to do with the entrepreneurial 

spirit. Informant 2 thinks that institutions in Norway has not fostered 

the entrepreneurial spirit in terms of making the ideal match, being 

someone working closer to market and productization, “… that has no 

has not been the wide path … no technology push … there has been a 

technology push … but there has been a gap between the 

technologist and the entrepreneur… and if the technologist became 

an entrepreneur he was out of the good circle of academics…. This 

has changed a lot …  (personal communication, 7 August 2013)“  
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Informant 1 “It is easier to develop something if you have some kind of 

government funding, such as grants or loans … government funding 

may lead to quicker product development … some products would 

have been developed anyway (personal communication, 6 August 

2013)”  

Government funding may also make it easier to fund 100 percent. 

“Some grants will definitely help in boosting the technology 

development  … (personal communication, 6 August 2013)” 
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Development Costs 

How much investment is needed for developing an innovation in nanotechnology? 

 Informant 1  According to informant 1, the cost of developing an innovation 

in nanotechnology depends on the project (6 August 2013): 

It might be 10 or 100 million NOK. It might cost 10 million NOK a year easily. It 

is important to have big owners that can invest in the venture for many years 

… many companies in the science park are still in the developing process, only 

spending money and not earning money … In order to survive a company 

needs access to funding. Many firms within nanotechnology are either dying 

with their idea or have to take in new owners to share the idea and the 

technology in order to survive … an entrepreneur needs to be open about 

taking in investors in order to survive. For example, an innovation process 

that takes 3 years can easily cost 10 million a year … most people do not have 

that kind of money, and are obliged to take in other people. An innovation 

process can be difficult if you are not open-minded enough to bring in 

investors. 
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Valley of Death 

Why are so many nanotech companies trapped in the valley of death? 

 Informant 1

  

According to informant 1, one obstacle is that the development process 

takes much more time than anticipated (personal communication, 6 

August 2013): 

The company maybe plans for a year or two, but it takes 4 or 5 years to develop 

the product and get it ready for the market. Another problem might be that some 

companies are not willing to cooperate with other people and want to keep the 

technology for themselves. Another obstacle is that many people find it very 

difficult to share product development with other firms, because “I want 100 

percent of the company/technology for myself”  

 

With respect to Open Innovation, informant 1 made the following 

remark: “there is still a long way to go, we do not see that very 

often, although it is very helpful when they do (personal 

communication, 6 August 2013)”  

 

 

 

 

 

 

 

 

 

 

 

 

Instruments of Industrial Policy 
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What are the main tasks of Instruments of Industrial Policy (RCN/Innovation 

Norway/SIVA)? 

 Informant 1  According to informant1, the task of governmental bodies such as 

Innovation Norway and the Research Council of Norway is to help 

or partly finance development processes (personal 

communication, 6 august 2013): 

Innovation Norway has special funds for environmental and renewable 

technology. There are very often good ideas and projects that are applying for 

loans and grants, but they are not solid enough. If the duration of the project is 

two-three years, Innovation Norway may be able to give a grant for 30-40 

percent. For example, if a project costs 20 million, the company needs to show 

Innovation Norway that it can finance 13-14 million. If the company is not able 

to raise that kind of money, Innovation Norway cannot give out that money, 

because the project is bound to fail  

 

 

 

 

 

 

 

 

 

Funding 
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How does [Instrument of Industrial Policy] cooperate with the EU on funding 

projects in nanotechnology? 

 Informant 1  According to informant 1, they  have a special capacity person 

covering this area (personal communication, 6 August 2013): 

There are several persons covering Norway as a whole that are supposed to 

know about the processes within Innovation Norway and applying for grants 

within the EU and Horizon 2020. There are people on both sides who can direct 

the companies (the customers) to apply for EU grants.   

 

 

 

Market uncertainties 

 

There are some uncertainties related to the commercialisation of innovations utilizing 

nanotechnology. One informant named the health dimension as one of the most 

important barriers to the adoption of this novel technology. Another informant 

mentioned that the enormous R&D and development costs of the technology was a 

huge barrier. One informant named export restrictions as a major barrier to 

commercialisation. 

 

 

 

 

 



58 

 

Technology Transfer 

The Bayh-Dole Act of 1980 

The Bayh-Dole Act of 1980 is one of the most influential political changes that has 

stimulated the commercialisation of university research (Rasmussen & Gulbrandsen, 

2012). The Act has played an essential role in the transfer of Intellectual Property (IP) 

from the publicly funding granting agencies to the universities (Rasmussen & 

Gulbrandsen, 2012).  

 After the passage of the Bayh Dole Act in 1980, most universities have established 

technology transfer offices to commercialize ideas/concepts originating from 

inventors at the university.   

 In the United States, the passage of the Bayh Dole act assigned ownership of 

patents of employees/scientists to the university.  

 The commercialisation of university research may have benefited from the Bayh-

Dole Act of 1980. The Bayh-Dole Act gave American universities the right to 

ownership of their inventions. This has later on been emulated by European 

Universities. However, some researchers disagree on the extent to which the Bayh-

Dole Act has influenced the commercialisation of university research.  

 There can be a tension between the technology transfer office and the University 

with respect to the role of the scientist in the commercialisation of inventions 

originating from the university (Borlaug, 2006). The role of the researcher with 

respect to commercialisation has been thoroughly discussed in academia (Rasmussen 

& Gulbrandsen, 2012). 

 TTOs help to spread knowledge about opportunities for the application of research 

results, develop potentially commercial sable results to create new and improved 
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products, services and processes, and administer the rights for commercial use of 

research results from universities and research institutes (The Research Council of 

Norway, 2011). 

 After the passage of the Bayh Dole Act and its emulation in the Norwegian 

University System, inventors have a duty to disclose their idea/invention to the TTO. 

The university retains the ownership to the invention.  

 TTOs play an important role in university-industry technology transfer of 

nanotechnology in Norway. TTOs are often involved in the beginning of the 

commercialisation process. They play an important part in providing burgeoning 

companies access to seed capital and partnerships.  

 TTOs are organisations that are independent from the university. TTOs were first 

established in Norway when legislation passed in 2003 removed the teacher 

exemption clause and allowed universities to gain ownership of the intellectual 

property rights to inventions (Gulbrandsen & Nerdrum, 2009, p. 317). 

 TTOs are usually partly owned by the university that they serve. The largest TTO 

in Norway is NTNU Technology Transfer AS, followed by Inven2. 

 Universities and research institutes have traditionally focused on basic research. 

Applied research in Norway has usually been the domain of established companies.  

 A TTO may function as an innovation intermediary (Borlaug, 2006, p. 19).  

 

Commercial and Technological Infrastructure 

 Start-ups need access to expertise that can help them with commercialisation. 

These competencies are usually located in regional innovation clusters at universities 

and public/private research institutions (Herstad & Brekke, 2013). 
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 Nanotechnology R&D is extremely knowledge-intensive and expensive.  R&D 

in nanotechnology requires access to facilities such as laboratories and incubators. 

The instruments of Industrial Policy, such as RCN and SIVA play an important role in 

providing a technological infrastructure for R&D in nanotechnologies.  Innovation 

Norway allocates funds to start-ups in the commercialisation phase. 

 RCN is mostly involved in nanotechnology R&D, while Innovation Norway is 

involved in projects that are closer to commercialisation. SIVA acts both as a catalyst 

and an investor to develop environments fostering sustainable innovation, such as 

business incubators and business gardens (Norwegian Ministry of Government 

Administration Reform and Church Affairs, 2013, p. 110) 

Science parks can be defined as an organisation managed by specialised 

professionals, whose aim is to increase the wealth of its community members by 

promoting the culture of innovation and competitiveness of its associated businesses 

and knowledge-based institutions (Mowery & Sampat, 2005, p. 226). 

 Most research institutes in Norway are active in low-tech R&D sectors such as fish 

farming and the oil industry (Wicken, 2010). Few research institutes conduct R&D in 

nanotechnology. The research institutes that conduct R&D in nanotechnology are the 

SINTEF group and the Institute of Energy Technology (IFE).  

Norwegian government funding agencies have established a programme, ARENA, 

that aim at developing science parks and incubators (Innovasjon Norge, 

Forskningsrådet, & SIVA, 2013). 
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Figure 5 depicts the flow steps of nanotechnology commercialization (Islam, 2014, p. 

15). 

 

Figure 3 Flow steps of nanotechnology commercialization (Islam, 2014, p. 15)  
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Applications of Nanotechnology  

Nanotechnology is a part of a value chain. Figure 6 depicts the transition from 

basic nanomaterials to commercial applications (Timothy M. Persons, 2014).  

 

Figure 4 Device Value Chains involving Nanoscale Materials, Components, or Devices, as of 2013 

(Timothy M. Persons, 2014). 

 

 

 

|Nanomedicine is the largest sector within nanotechnology, and presently is 

estimated to about 20 to about 40 percent of the nanotechnology market (Jordan, 

Kaiser, & Moore, 2014). 

 With respect to the energy sector, there are now three promising subjects of 

Research and Development that are being explored: Energy Storage, Photovoltaics, 

and Petroleum exploration (Jordan et al., 2014). 

 The energy storage area of the 2013 nanotechnology patent literature reveals that 

there is a considerable interest in lithium batteries and fuel cells, and specifically the 

electrodes thereof (Jordan et al., 2014). 
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 Applications for water desalination can produce clean drinking water from 

seawater. Water scarcity in many regions of the world will exacerbate the demand for 

fresh water (Qu, Alvarez, & Li, 2013).  

 Microprocessors utilizing nanotechnology are used in a multiplicity of 

applications, including sensors, imaging, photonics, and nanogenerators (Wang, 

2011).  

 Nano scale sensors can also be utilized in additive manufacturing (3D-printing) 

and the Internet of Things (Balasubramaniam & Kangasharju, 2013).  
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Figure 7 exemplifies a road map for promising applications utilizing Graphene 

(Graphene Flagship, 2012, p. 158). 

 

Figure 5 Roadmap for graphene, 2D crystals, and hybrids Source: Graphene Flagship, 2012, p. 158. 
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Figure 8 shows numerous applications of nanotechnology (Jordan et al., 2014).  

 

Figure 6: Applications of nanotechnology (Jordan, Kaiser, & More, 2014; Tsuzuki, 2009) 
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Analysis 

Introduction 

I will first discuss why nanotechnology has become an important tool for developing 

commercial applications. Nanotechnology is a process innovation. Nanomaterials, 

such as graphene or Carbon Nanotubes, are additives to a product or process in order 

to enhance the product’s durability or give it a special property, for example enhance 

the durability of car tyres or enhance the quality of semi-conductors used in the 

computer industry.  

The main advances in nanotechnology have been in the domains of ICT, Health, 

and Energy. There is a multiplicity of novel applications utilising nanotechnology. 

However, the technology is still in its infancy, and we do not know much about the 

known unknowns of the technology. We do not know very much about the long-term 

consequences of the technology on human health and nature. Environmental NGOs, 

laypeople, and governmental organisations are concerned about opening Pandora’s 

black box (Latour, 1987). 

However, if we look at the technology from a commercial perspective, and how it 

can benefit society with regard to solving global challenges, nanotechnology seems 

more promising. The potential negative effects of nanomaterials have been subject to 

controversy among environmental organisations, NGOs, laypeople, and governments, 

but I will mainly address the issue of commercialisation of the technology. How can 

we best utilise nanotechnology as a tool to commercialise applications that are 

beneficial for society? The energy sector is one of the sectors that has experienced the 

highest growth with respect to applications that can improve the efficiency of solar 

cells, fuel cells, windmills, and the electrical grid (Jordan et al., 2014). Nanomaterials 

such as graphene, the hardest material on earth, have properties that can be utilised in 
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applications such as membrane for water desalination. Applications for water 

desalination can solve the global challenges of water scarcity. Another promising 

application of nanotechnology is soil and groundwater remediation. 

Commercial agents that want to commercialise this technology are governments, 

universities (through their Technology Transfer Offices) and the industry (companies 

and start-ups). 

The motivations for commercialising the technology are diverse. The promising 

applications of the technology for solving environmental problems such as soil 

degradation and water scarcity are especially interesting for governments and 

environmental organisations. There is also a lot of R&D on the knowledge gap with 

regard to releasing ENMs in the nature (Miljøstyrelsen, 2014). 

One of the major barriers to commercialisation is the communication gap between 

the scientific researchers and industry (Larsen et al., 2011, p. 103). 

  Technology Transfer Offices are commercialisation agents that try to help start-ups 

that want to commercialise innovations. Nanotechnology itself is not commercialised, 

but an improved product utilizing a component from nanotechnology, such as CNTs 

or graphene.  

Commercial applications of nanotechnology include photonics, 3D-Printing, 

automated drug delivery, and nanosensors (the Internet of nanothings) 

(Balasubramaniam & Kangasharju, 2013). Commercial agents such as TTOs are 

innovation intermediaries between university research and commercialisation 

(Borlaug, 2006).  

A matter of concern to governments has been the valley of death. The valley of 

death refers to the knowledge gap between discovery and the introduction of new 

products on the market (Larsen et al., 2011, p. 27). 
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Nanotechnology in Society 

The utilization of nanotechnologies in membranes is very promising for companies 

that want to change the world in the water segment. Water pollution in rivers and the 

need to improve drinking water and sewages opens up new opportunities for ventures 

that want to develop solutions to these severe problems. Membranes that use carbon 

nanotubes can help alleviate problems in the third world where there is water scarcity 

and pollution.  

Nanotechnologies can also be used for water purification in cities where there is a 

need to rinse sewages. Water can also be utilised to rinse ballast water on board ships 

so that there is clean water without bacteria. 

 As nanotechnology itself is not the goal, it is how the combination of the 

technology with existing product and process innovations that will determine its 

success or failure. Firms that implement nanotechnology in their existing products are 

mainly multinational corporations. National governments have established national 

initiatives to leverage the benefits of nanotechnology for society. Many incumbent 

firms are still uncertain whether they are going to implement nanotechnology into 

their existing products.  

 The pure nanotechnology firm is often a spinout from a university or research 

institute. Nanotechnology start-ups depend on soft funding from innovation policy 

agencies, access to a technological infrastructure such as laboratories, and to skilled 

scientists and entrepreneurs.  

Firms that implement nanotechnology in their innovation processes are mostly 

multinational corporations.  
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National governments have established extensive programmes to leverage the 

benefits of nanotechnology for society. Many incumbent firms are still uncertain 

about how they are going to implement nanotechnology into their existing products.  

  The Norwegian government has established a national programme, NANOMAT, 

now NANO2021, to support a sustainable development of nanotechnology. National 

programmes such as NANO2021 are initiatives that intend to develop a national 

infrastructure in nanotechnology and advanced materials. The global competition in 

the field of nanotechnology is intense. The number of patents worldwide has 

experienced an exponential growth. This has particularly been the case for graphene, 

which now experiences a growth in the number of patents similar to carbon nanotubes 

in 2000. There is now a global race to harness the technological benefits of 

nanotechnology, as there are great expectations as to what the technology can 

accomplish in terms of solving global challenges. 

 However, nanotechnology and its promise to solve global problems have not 

translated into a breakthrough in terms of its commercialisation. There have been 

huge investments in R&D and infrastructure, but little in terms of economic returns. 

Commercialisation of R&D is about the economic impact of nanotechnology on 

society, for example in terms of lower Co2 emissions, windmills that are more 

effective, a more effective electrical grid and so on. The promises of nanotechnology 

in terms of reducing our environmental footprint and solving global challenges such 

as water scarcity, soil degradation, and global food shortage, have induced 

governments to launch large-scale R&D programmes to develop sustainable 

applications.  

Norway is also involved in EU projects in nanotechnology in some areas.  
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Nanotechnology is a technology where there are collaborative efforts between 

international partners. International collaboration comes about when national 

governments lack the resources to develop the technology on their own. 

Nanotechnology is one of the truly global technologies, a technology that is both 

resource-intensive and capital- intensive. 

 Nanotechnology is a complex technology that requires collaboration between 

many entities. Government programmes mostly support R&D and not 

commercialisation of R&D. 

SMEs and spill-overs from universities and research institutes are often the actors that 

Commercialise the technology. Technology Transfer Offices are a part of government 

Incentives to create economic value through spillovers from university to industry. 

 

Innovation Policy 

Governmental funding and multinational corporations are the main drivers within 

nanotechnology commercialisation. Most of the funding in early stage technologies 

come through grants from Innovation Norway and the Research Council of Norway.  

 Commercialisation of enabling technologies depends on market acceptance of the 

technology.  

 Innovation policy is important with respect to nanotechnology. Start-ups and 

Public Research organizations alike depend on grants from governmental bodies such 

as Innovation Norway and the Research Council of Norway.  

 Start-ups usually have scarce resources, and often need access to grants and 

partnerships in order to develop their business (personal communication, 6 August 

2013).  
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 Participation in a science park also gives small firms enough time to test the 

technology before commercialisation (personal communication, 14 August 2013). 

Testing and verification of the technology is very important before commercialising 

the technology. 

 Participation in a science park also gives the small firm access to a wealth of 

information that may not be easily accessible elsewhere. 

 Small firms that want to commercialise an innovation that builds on 

nanotechnology need to have a unique product for which there is a market demand. 

Ultimately, the market will decide the failure or success of the company. The main 

determinant for success is in this case that the company actually makes a sale 

(personal communication, 14 August 2013). 

Nanotechnology is controversial because governments, environmental NGOs, 

international governing bodies, and laypeople have concerns about the potential 

negative long-term impact of nanomaterials on human health and nature.  

Public concerns about the environmental impact of nanotechnology on human 

health and nature need to be resolved before commercialisation. Little is known about 

the long-term consequences of the use of nanotechnology.  Hence there are 

collaborative efforts both nationally and internationally to achieve a sustainable and 

responsible development of these enabling technologies.  

Nanotechnology is considered a novel technology, and there are not many pure 

nanotechnology firms in Norway.  

 Nanotechnology is a technology that is not only interdisciplinary but also 

international. Commercialisation of nanotechnology can be seen in a national context, 

but the products that utilize nanotechnology, such as cosmetics, golf balls, and nylon 

fabrics are designed and produced abroad (Zhang, Johnson, Silva, & Lei, 2012). 
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 Nanotechnology R&D and commercialisation should take into consideration the 

global dimension of the technology. Not only are nanotechnologies pervasive, as they 

encompass a plethora of disciplines such as physics, chemistry, biology, and so on, 

but it also one of the truly global technologies. The technology is extremely R&D and 

capital intensive. It requires the participation of many stakeholders, both from 

governments, multinational companies and international organisations. The strategy 

both nationally and internationally has been to promote a sustainable development of 

nanotechnology. The focus has been on coordinating a sustainable development of 

nanotechnology with public involvement. Governance plays a central role in 

increasing public awareness and engaging the Public about nanotechnology. Public 

acceptance is widely regarded as the largest barrier to nanotechnology 

commercialisation. 

Gglobalisation and access to international networks have changed how businesses 

operate. Nanotech firms depend on access to expertise not only locally but also 

internationally. A start-up that want to commercialise a product in a global market has 

to collaborate with other scientists/researchers. It is important to gain access to the 

people with the best skills and expertise, both nationally and internationally. 

Commercialisation of resource intensive technologies such as nanotechnology also 

require access to World Class and State of the Art laboratories. However, it is 

important to remember that time to market (the innovation process) from finished 

prototype to commercialisation can be very long. Access to funding in the early 

development phase of the technology is essential. Grants for projects are available via 

EU-calls and more local grants from Innovation Norway. The Research Council of 

Norway mainly supports projects that have important societal applications, for 

example projects that aim to develop nanoparticles that can dislodge oil that remains 
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trapped in reservoirs after conventional recovery has been completed (The Research 

Council of Norway, 2014) .  

It is important to be participate in in of an innovation cluster that can provide both 

contacts and expertise. In addition, a start-up can acquire experience through 

cooperation with established companies that are part of the cluster. 

 VCs and TTOs normally invest in start-ups that have a high success potential. This 

may not be the case for start-ups in the nanotechnology domain. Many start-ups in 

this sector are striving to survive. Some nanotechnology start-ups are dying with their 

idea. If a firm does not become profitable within 5 years, it enters a stage called the 

valley of death. Start-ups are dependent on funding.  

 The commercialisation of an idea/concept depends on access to resources such as 

capital, skilled personnel, competencies, and to a technological and commercial 

infrastructure. Collaboration with other actors, such as The Technology Transfer 

Office of the University, may help a nanotech start-up overcome some of the barriers 

to commercialisation.  

Nanotechnology is and emerging technology, and there are few pure 

nanotechnology start-ups in Norway. Nanotechnology is a technology that is not only 

interdisciplinary but also international. Nanotechnology is commercialised in a 

national context, but products such as cosmetics, golf balls, and nylon fabrics are 

designed and produced abroad. 

Nanotechnology R&D and commercialisation should take into consideration the 

global dimension of the technology. Not only are nanotechnologies pervasive, as they 

encompass a plethora of disciplines such as physics, chemistry, biology, and so on, 

but it also one of the truly 
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global technologies. The technology is extremely R&D and capital intensive (personal 

communication, 19 August 2013). It requires the participation of many stakeholders, 

both from governments, multinational companies and international organisations.  

The strategy both nationally and internationally has been to promote a 

sustainable development of nanotechnology. The focus has been on coordinating a 

sustainable development of nanotechnology with public involvement. Governance 

plays a central role in increasing public awareness and engaging the public about 

nanotechnology. Public acceptance is widely regarded as the largest barrier to 

nanotechnology commercialisation. 

 Although the potential of the technology to solve important environmental issues 

such as soil degradation, water scarcity, windmills that are more effective, etc. are 

promising, the technology is still in its infancy. Governments, laypeople, international 

organisations and NGOs have divergent opinions about the use of nanotechnology 

commercially. The commercial potential and societal benefits of the use of the 

technology are staggering. However, it may come at a price. Governments are still 

pushing for a sustainable and responsible development of the technology. 

 The role of IPR and patents may not be very important with respect to 

commercialisation. 
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Discontinuous Innovation 

Discontinuous innovations such as nanotechnology are difficult to assess as a 

commercial opportunity. The competition with respect to commercialisation of this 

technology is very intense internationally.  

There is a lot of R&D going on in many domains of nanotechnology. Research & 

Development is especially strong in sectors such as nanomedicine, in which we are 

now experiencing a discontinuity.  We are now in a period of shakeout where several 

disciplines are converging (Tushman & Anderson, 1986).  

We now see a convergence between nano and medicine and nano and 

biotechnology. We also see a development where nanotechnology is replacing 

microelectronics in certain sectors. The smaller, the better. We certainly see it in the 

semi-conductor industry where graphene is a very promising nanomaterial. Some 

nanomaterials have very promising applications. Graphene, the hardest material on 

earth, can also be utilised to improve the efficiency of windmills, or be utilised in 

solar cells. Nanomaterials such as carbon nanotubes are utilised in garments/clothes 

such as nylon (Zhang et al., 2012). 

Collaboration 

  Most of my informants stated the importance of collaboration. A small nanotech 

firm cannot develop an innovation in nanotechnology on its own. It needs to 

collaborate with external stakeholders. They should collaborate and share 

development costs with larger companies. A major obstacle could be that some 

entrepreneurs are unwilling to share their core competence. They want to keep all the 

knowledge and intellectual properties to themselves (personal communication, 6 

August 2013).  
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There is maybe a difference between the larger firms that use nanotechnology and 

smaller firms. Pure nanotech firms are usually firms that originate from the 

universities or research institutes (informant 3, 12 August 2013). 

Nanotechnology commercialisation requires collaboration between many different 

actors both nationally and internationally. Nanotechnology is a complex technology 

that requires collaboration between many different entities. Collaborative projects are 

conducted with national and international partners. 

A firm that wants to succeed in a global market needs to develop search and 

collaboration strategies to gain a competitive edge whatever industry they are in. A 

firm or a start-up should develop dynamic capabilities not only in-house, but also 

capabilities that are external to the firm. One way of doing this is through 

collaboration with external firms. 

  Partnerships between universities and multinational companies in the 

nanotechnology sector are quite common (Science Business Innovation Board 

AISBL, 2012). Collaboration is the key to success in changing and dynamic markets. 

The development and commercialisation of nanotechnologies depend on 

collaboration between firms, governments, NGOs, international organisations, and 

consumers. Research & Development in the emerging field of nanotechnology 

requires a long time horizon. It requires a long-term commitment on the part of the 

nanotech start-up (the entrepreneur) and investors. The development and 

commercialisation of nanotechnologies may also require cooperation with external 

actors.  

Commercialisation in the domain of nanotechnology has hitherto been the arena of 

the large Multinational Corporation and public research organisations.  
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The success rate of the small nanotechnology is firm is nothing to brag about. The 

small nanotechnology company has limited resources to draw on. They are dependent 

on soft funding from the Norwegian Research Council in the R&D phase and on 

grants from Innovation Norway in the commercialisation phase. University spin-offs 

do not only depend on seed capital, patents and licensing agreements, but on access to 

a commercial infrastructure such as laboratories, incubators and networks. 

 The commercialisation phase of innovations that utilise nanotechnology as a 

component do not differ very much from other technologies/innovations. They 

depend on market demand. However, commercialisation of products encompassing 

nanotechnology as a component are subject to controversies surrounding the 

technology. In some instances nanotechnology has been found to be detrimental on 

human health, e. g. Multi-Walled Carbon Nanotubes (MWCNTs)(Qi et al., 2014). 

There is therefore a known unknown aspect of nanotechnology that needs to be 

resolved before it can be commercialised. This is a major barrier to its 

commercialisation. 

 The development and commercialisation of innovations that use nanotechnology as 

a component can be both expensive and time-consuming.  

  There is a tendency in the literature to compare the development of 

nanotechnology to biotechnology, but these are very different sectors.  

 Few start-ups use the term nanotechnology or nanomaterials when 

commercialising their idea/concept. Nanotechnology is as a tool to achieve the 

desired properties. If we look at it this way, nanotechnology is an incremental 

innovation. There are, however, start-ups that come up with one product, one 

technology, that is based on nanotechnology, for example a graphene membrane that 

can rinse water of bacteria, and they want to commercialise the technology (Joshi et 
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al., 2014). A start-up what wants to commercialise a new technology/application, 

whether it is disruptive or not, needs to be out there, in the market.   

 Start-ups are weaker than established firms in sustaining innovation over time, but 

they are stronger than established firms in harnessing new disruptive technologies (C. 

M. Christensen, 2013). 

 Nanotechnology is mainly science/technology push from the viewpoint of 

governments and the OECD. 

  The private sector considers nanotechnology as a tool they can use to develop even 

better products and services. 

 Nanotechnology start-ups in Norway usually receive funding from the RCN, 

Innovation Norway, and/or SIVA. However, it is important that nanotechnology start-

ups gain access to expertise that can help them with the commercialisation of their 

innovation. These competencies are usually located in regional innovation clusters at 

universities and public/private research institutes.  

 The university of Oslo and SINTEF also collaborate on projects funded by the 

RCN. These projects often require the participation of one or several Ph. D students. 

RCN funds projects that can make a difference with respect to solving important 

challenges in society, such as the development of energy efficient fuel cells. 

Nanotechnology is one of four strategic research areas in Norwegian innovation 

policy (Nærings- og handelsdepartementet et al., 2012). A successful project can lead 

to the invention of a process/product innovation, which can then be commercialised. 

Spin-offs are often an outcome of these collaborative efforts. 

Nanotechnology start-ups depend on developing a network of contacts in both the 

development and the commercialization phase. Nanotechnology start-ups need access 
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to laboratories, facilities and key competencies. Start-ups can also establish 

partnerships and gain access to a network in an industrial cluster.  
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Open Innovation 

Open Innovation means that the venture can out-license some of its IP to others, 

but keep their core competence. Open Innovation is a business model that is suitable 

for smaller firms that commercialise R&D intensive technologies. The start-up builds 

up its core competence while sharing at the same time its IP with a larger company. 

This is a business model followed by many start-ups, including those within 

nanotechnology.  Nevertheless, start-ups also need to protect their own IP from 

competitors. At the firm level, this can be achieved by increasing the start-up internal 

knowledge base. Absorptive capacity refers to a firm's capability to recognise and 

assimilate external knowledge. Absorptive capacity also affects the firm's 

appropriability regime.  

 There can be some problems with regard to how much capital a start-up needs in 

the beginning. Nanotechnology is a sector with many competitors, and the technology 

is global in its reach. It is first important to have an idea/innovation for which there 

actually is a market.  

When the market is identified, for example a niche market the start-up must 

seek collaboration with other actors, such as business angels or VCs that may want to 

invest in the technology. 

In order to sustain a technological and competitive advantage in a global market 

with many competitors, firms have to leverage sources of knowledge both inside and 

outside the firm. It is not enough to draw on sources that are internal to the firm, e.g. 

tacit knowledge (Jensen, Johnnson, Lorenz, & Lundvall, 2007). 

 The commercialisation of nanotechnologies may require that firms learn how to 

appropriate knowledge both from internal and external sources of knowledge 

(Chesbrough, 2003).  
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 Open Innovation refers to an innovation strategy in which a firm shares some of its 

internal knowledge with other firms, while benefiting from the competencies of 

sources that lie outside the firm. Inbound OI refers to an innovation strategy where the 

firm gets most of the knowledge it needs to develop new products and technologies 

from outside sources of knowledge. 

 The opening-up of the innovation process can be crucial for start-ups with small 

resources. A problem start-up companies must address in the commercialisation phase 

is how can adapt to uncertainties in a dynamic market. The management of start-ups 

that operate in an increasingly globalised market need to develop dynamic capabilities 

and enough absorptive capacity to gain a competitive advantage. Dynamic capabilities 

refer to the start-up’s capacity to shape, reshape, configure and reconfigure the firm’s 

asset base to changing technologies and markets (Teece & Augier, 2009).  

In global technology markets such a nanotechnology, technology out-licensing can 

be a source of revenue for start-ups or TTOs that own the technology from the 

university.  

Technology ownership and out-licensing of technologies are a major source of 

revenues for TTOs. It is rarely the case that students/scientists from a university are 

entrepreneurs.  

Nanotechnology requires collaboration between different entities. In Norway, 

Public Research Organisations such as SINTEF collaborate with the University of 

Oslo and the Norwegian University of Science and Technology. 
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Niche Market 

CrayoNano AS, a spin-off of NTNU Technology Transfer, normally chose a niche 

market as their commercial strategy. CrayoNano AS developed a novel technique that 

enables growth of vertically aligned and self-catalysed nanowires on graphite and 

graphene (CrayoNano AS, 2014). As the technology market for nanotechnology is 

global, a nanotechnology start-up can out-license the technology globally. Working 

toward the US is quite common. 

In a market that is increasingly global, firms need to leverage sources of 

knowledge both inside and outside the firm to sustain a competitive advantage.  

 The commercialisation strategy chosen by a firm will depend on the internal 

processes in the firm.  

 

Incremental Innovation 

Both start-ups and established companies view nanotechnology as a means to 

improve their product or process innovations. In this case, nanotechnology is an 

incremental innovation.  

  

Intellectual Property Rights/IPR 

Nanotech firms/start-ups operate in a highly competitive and global marketplace. 

Some nanotechnology start-ups are exclusively marketing nanomaterials based on 

patents and IPR.  
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Innovations in nanotechnology may not differ very much from competing 

products. The technology is easy to copy. According to Teece (1986), a strong 

appropriability regime may prevent competitors from copying the firm’s innovation. 

  There is a possibility that an innovation from a nanotech firm may infringe upon a 

competitor's IPR and patents. Many nanotech firms have adopted Open Innovation as 

an alternative to IPR.  

 Another strategy is to keep the patents and the IPR secret. Secrecy may give the 

firm a competitive advantage when there is a short time to market. Patents in 

nanotechnology are also difficult to reverse engineer. In this case, a business model 

based on OI could be recommended. 

 In order to commercialise novel applications based on nanotechnologies, a 

company depends on access to a commercial and technological infrastructure.  

 The main difference between R&D of nanotechnology and biotechnology is that 

innovations based on nanotechnologies take a longer time to develop. The 

commercialisation phase is otherwise not very different from other advanced 

technologies. 

 

Determinants of Success 

The success or the failure of a start-up company in the field of nanotechnology will 

depend on many factors. One of the most important factors is funding. However, it is 

also important to be an entrepreneur, or risk-taker, with superb technology and market 

knowledge, who knows the competitors and the market potential of the 

product/process innovation. 

 In addition, it is important that the start-up is willing to share their idea. 
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Funding 

Commercialisation of the technology is dependent on funding. As the technology 

is extremely expensive, it is usually the domain of the universities/large multinational 

company. Start-ups may lack both the resources and often the commercial 

competence to commercialise nanotechnology. Hence, start-ups depend to a large 

degree on seed capital from the Research Council of Norway and grants from 

Innovation Norway. 

Nanotechnology start-ups need access to funding in order to avoid the valley of 

death. Most start-ups never pass the financing stage. It is therefore important for start-

ups to gain access to a commercial infrastructure.  

Nanotechnology is an R&D intensive technology, which requires both a high 

initial investment and collaboration between different stakeholders.  

R&D intensive technologies such as nanotechnology depend on access to funding 

and laboratories in the early development stage.  The early development phase is the 

most R&D and capital intensive. The commercialisation phase requires less capital.  

 

Technology Knowledge 

 Nanotechnology ventures require people to be very knowledgeable of 

nanotechnology. They should have some experience and competencies about the 

technology, and know what they are doing. It seems that extensive experience in the 

field is necessary to be successful in the commercialisation phase.  

R&D in nanotechnology differs from other technologies in that they do not have a 

tangible product that can be readily commercialised.   
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 Nanotechnology is a domain reserved for the few. The technology is rather 

complex.  

The main barriers to nanotechnology commercialisation are market access and 

market accept of the components that are used in the product; regulations, e.g. 

geographical restrictions on where you can sell the technology; high initial 

investments; changes from old technology to new technology; and time to market.  

The skills required to develop and commercialize this technology are an 

effective barrier to its commercialisation.  The development costs are so high that 

small nanotechnology firms often seek partnerships with larger firms or license out 

the technology. 

 

Market Access 

 The large multinational corporation usually has the resources to develop new 

products based on nanotechnology, or start-ups that are highly specialised in a field. 

Start-ups depend to a large degree on funding from government funding 

agencies. They also depend on access to a technological infrastructure such as science 

parks and laboratories.  

 The path to commercialisation for products derived from nanotechnology can be 

long and tumultuous. The market, if we can actually define a market for such 

products, as they are niche markets and incremental innovations to existing 

technologies, is characterised by a heterogeneous set of actors. Nanotechnology 

requires the participation of many stakeholders. Nanotechnology is extremely R&D 

and capital intensive. 

The Challenges to commercialise the technology also include which business 

model to choose and how to establish collaborative networks. Most start-ups fail to 
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bring their innovation beyond the development phase and into the commercialisation 

phase. Access to capital may be a major barrier for some companies. A firm should 

not only develop one technology, but several technologies to sustain a competitive 

advantage. 

 

Complementary resources 

A nanotech start-up has in the development phase only access to limited resources. 

Small nanotech firms face challenges in terms of competition both nationally and 

internationally. In order to sustain a competitive advantage in a dynamic and changing 

environment, small nanotechnology start-ups need to seek complementary resources 

(Tidd & Bessant, 2010, p. 482).   

For example, there are many firms in the biotechnology sector seeking 

collaboration with firms in the same sector. Nanotechnology firms may also profit 

from collaboration with actors in the same business segment. 

 

Co-Option 

Nanotech firms should try to build critical mass through co-option. By leveraging 

co-specialised resources, small nanotech firms can reach new markets and gain new 

competencies through organizational learning (Doz & Hamel, 1998). 

The development and commercialisation of nanotechnology requires collaboration 

between many stakeholders. Collaboration seems to be more important in the domain 

of nanotechnology than in other disciplines. The development and commercialisation 
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of nanotechnology are based on collaboration between scientists from different 

disciplines. 

According to the Tidd & Bessant’s categorization of Management archetypes, 

nanotech firms would fit in the discontinuous innovation archetype (Tidd & Bessant, 

2010, pp. 151-152). Nanotechnology firms are deemed to be agile, fast moving and 

tolerant of high levels of risk and failure. Nanotechnology firms are also more likely 

to do well when new discontinuities emerge. 

 

Time to Market 

The time to market from a finished prototype to its commercialisation can take up to 

17-18 years. This requires entrepreneurs and investors to have a long time horizon. 

R&D and capital intensive technologies may also require the participation of 

Research and Innovation Policy Agencies.  

The time lag from technology development to commercialisation is a well-known 

phenomenon. The most notable example is the light bulb that was invented a long 

time before it was commercialized. Thomas Edison actually did not invent the light 

bulb. There were already different technologies for electrical lighting available. 

Nevertheless, he played an important part in bridging the technology gap between 

technology development and commercialisation. This was done through teambuilding 

and technology brokering (Hargadon, 2003). Henry Ford’s Model T is an example of 

an invention that depended on the development of an infrastructure and a team that 

could build a dominant design (Abernathy & Utterback, 1975). Therefore, the 

innovator should strive to close the technology gap between R&D and 

commercialisation.  
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The Ford Model T took a lot of time to develop, and the large-scale production did 

not begin before Henry Ford had enough capital, workers and factories to build them. 

The main reason why innovations take time is that the ideas were not developed 

explicitly for commercialisation. It is not before an entrepreneur discovers the idea 

and finds a market that accepts the technology that it can actually be commercialised. 

This means that start-up should have a business model that they follow thoroughly. It 

is important to have complementary assets and to have a very clear definition of the 

technology (Teece, 1986).  

 In the case of nanotechnology, there are high development costs associated with 

the technology. The multinational company that has the financial backbone and 

resources to develop the technology.   

 

Competitive Strategy 

As nanotechnlogy is a technology that is very variegated in nature, and there are many 

competitors,  a start-up should build its competitive strategy differently than larger 

firms. 

 A small start-up, for example a spin-off form a university has to be very careful 

about sharing too much IP with others. Some of the technology should be kept secret. 

The most important determinant for success is actually the technology iself. It can be 

either disruptive or incremental. My informants were not very sure about whether 

nanotechnology was a technology in its own right, but they certainly agreed that the 

technology had a great commercial potential. 

 The core competence of the firm is the main competitive advantage it has. If the 

start-up does not succeed at once with the technology, they can also go back and try a 

new product. A disruptive technology does not need to be complex technology, It 
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could be a simple product that is a value proposition for the customer. If the market 

for the product isn' t yet there, it might come if there is a demand for the innovation. 

In some cases, such as the water treatment industry, membranes using graphene can 

be used to rinse seawater. Rinsing seawater may be the solution to the water scarcity 

problem.  

  Unfortunately there are many companies that are competing for a piece of the cake. 

Large multinational companies with global operations have a competitive advantage 

as they have access to large manufacturing facilities. 

 Nanomanufacturing is expected to make sweeping changes or discontunous 

changes in the global economy. A startup should also develop its dynamic 

capabilities. 

 

Technology Innovation 

 Based on information from my informants, the main determinant for success for a 

firm is if it has customers who will buy the technology. This makes the technology 

very important. The technology has to be a unique value proposition for the customer. 

First, the firm must develop a product that has a market potential. Second, the firm 

must have a solid balance sheet to survive the first difficult years in a competitive 

market with many competitors. Third, it is important that a start-up or firm established 

itself as a technology leader. However, a nanotech firm can also survive with a 

follower strategy. The success or failure of a nanotech start-up can also depend on 

leveraging competencies inside and outside the firm.  
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IPR and patents 

A nanotech start-up must also address issues such as IPR and patents. Product and 

process innovations based on nanotechnology must also go through long periods of 

testing/verification before fabrication.  

 

Basic Research 

 Basic R&D in the laboratory may lead to the development of new technology, but 

may not lead to a commercial product. Large firms usually have their own R&D 

laboratories where they conduct applied research. Basic research is mainly the domain 

of universities and research institutes. Innovations usually take place at the firm level. 

A firm that wants to be successful in the domain of nanotechnology must have 

dynamic capabilities and enough firm-level absorptive capacity.  

Search for information 

A start-up that wants to succeed in nanoechnology needs to develop search and 

exploration strategies. Search strategies can include searching for information outside 

the firm's boundaries, collabaratoin with innovations networks outside the firm. The 

start-up should also develop aan IP-stategy to hierachise the innovations in ther firm 

internally. One way to that is to contact a good IP-agency. Partnerships between 

universities and multinational companies in the nanotechnology sector are quite 

common (Science Business Innovation Board AISBL, 2012).  
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Core Competence 

The main competitive strategy of start-ups would be to license out part of the 

technology/IP, but retain their core competence. The core competence of a firm is 

tacit, firm-specific knowledge. Often it is a key individual or star scientist, who is 

instrumental to the success of a firm. Key individuals can also be serial entrepreneurs. 

The main competitive advantage of a small firm versus and established companies is 

that it does not have any legacy issues. This means that they can spend time 

developing their unique technology. The technology has to be unique and a value 

proposition to the customer. Established firms are stronger than start-ups in sustaining 

innovation over time, but they are weaker than start-ups in harnessing new disruptive 

technologies (C. M. Christensen, 2003).   

 

Appropriability Regime 

Appropriability refers to the environmental factors that governs a firm's ability to 

profit from innovation (Teece, 1986). Without an appropriability regime, a competitor 

might easily imitate the innovation. According to Teece (1986), most innovations can 

easily be copied by competitors.   

Nanotechnology is a technology that requires collaboration between many agents. 

Commercial agents such as funding agencies and TTOs and national support 

programmes such as FORNY are important measures that help develop start-ups that 

want to commercialise a technology that builds on nanotechnology. 

 The start-up should keep some of its core competence within the firm, such as 

firm-specific knowledge. Firm-specific knowledge can for example be know-how, 
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know-who, and other forms of knowledge that are unique to the firm (Jensen et al., 

2007). 

There is no use patenting an innovation or keeping it secret if one does not have 

the resources to develop it by oneself. Nanotech start-ups rarely have the capital 

necessary to develop their idea. It is important that a nanotech start-up have access to 

a person that can has the competence to take the idea/concept and develop it into a 

value proposition for the customer. This person is usually referred to as “the 

entrepreneur” (Schumpeter, 2008). Inventors at universities and research institutes 

rarely have this capacity. 

Researchers at universities have little incentives to commercialise their 

idea/concept. Rather, a technologist often develops a product, and the entrepreneur 

bridges the gap between R&D and commercialization. 

 

Networking 

 There are many examples of companies that think they have done everything right, 

and that they followed the right path to commercialisation, but do not succeed 

because they have not talked to people about their innovation. Networking (talking to 

people) is one of the most important things a CEO of a small nanotechnology firm can 

do. It is important to be part of a network where one can share ideas about how to 

commercialise the innovation. 

 Because of the staggering cost of nanotechnology, many firms do not have other 

choice than to seek public funding. There is often no match between venture funds 

and start-ups.   

 During this case study one my findings is that they are not many nanotechnology 

start-ups in Norway. There seem to be a lack of entrepreneurial spirt in Norway with 
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respect to nanotechnology. There also seems to be few VCs that can provide funding 

to early stage, high-potential start-up companies. 

Universities focus typically on start-ups when choosing strategic partners, not on 

large companies. However, research alliances between universities and larger firms 

can offer a competitive advantage to firms with sufficient absorptive capacity 

(Bercovitz & Feldman, 2007, p. 7). Absorptive capacity refers to the capability of the 

firm to recognize the value of knowledge, assimilate, and exploit it (Cohen & 

Levinthal, 1990, p. 140). Universities also possess goals and routines that render them 

less likely to appropriate R&D created in R&D alliances (Bercovitz & Feldman, 

2007).  

  

The Entrepreneur 

 The commercialisation of innovations requires a set of skills that only a few 

persons possess. The task of carrying out new combinations fell upon the 

entrepreneur. The challenges that face the inventor are such that only a few inventors 

have been capable of taking on the role of both inventor and entrepreneur (Hargadon, 

2003). The entrepreneur plays a central role in the late development phase and 

expansion phase of start-ups’. 

 There are many ideas that are never realised because the inventor has not been able 

to contact the right people. The inventor and the entrepreneur are rarely the same 

persons. However, there are exceptions. Thomas Edison was successful as both an 

inventor and an entrepreneur. Thomas Edison did not commercialise his inventions on 

his own. He was a master at developing teams based on collaboration and technology 

brokering (Hargadon, 2003). Thomas Edison was both the inventor of electricity and 

commercialised the first light bulb. The commercialisation of the light bulb depended 
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on the development of a large electrical system (the DC System) (Hughes, 2012) 

The commercialisation of innovations requires a different set of skills than those 

of an inventor. According to Schumpeter very few people possess skills necessary to 

bridge the gap between R&D and commercialisation (Schumpeter, 2008). The 

innovation process for nanotechnology is not that different from other R&D intensive 

technologies. Larger firms may not need to have an entrepreneur who has access to a 

global network of experts within a specific field, such as nanotechnology. They 

already have a large network and many firms collaborate across national boundaries. 

Open Innovation is by no means reserved to the small firms. There are also cases 

where the large multinational corporation that funds start-ups. Start-ups are very 

dependent on raising capital in order to avoid the valley of death, a five-year long 

period of low activity. One way to ensure commercial success can be through 

implementing new organisational and commercial skills to the business venture. A 

sound business strategy would be to try to be a first mover. With a first mover 

advantage, the start-up may be the first one to commercialise a product.  Competition 

in the nanotechnology domain seems to be somehow different form competition in 

other resource-intensive domains. Nanotechnology is mainly a materials technology. 

The technology is mainly science (technology) push on the part of governments and 

the multinational company. Start-ups are often just the outcome of long-term R&D 

projects that aim at developing solutions to solve important societal problems. 

Nanotechnology start-ups often depend both on the TTO and on grants from the 

Research Council of Norway to develop their technology. The TTO acts as an 

innovation intermediary. 
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Barriers to Commercialisation of Nanotechnology 

There is a global race to harness the economic and technological benefits of 

nanotechnology, as there are great expectations as to what the technology can 

accomplish in terms of solving global challenges.   

 Although there is a global race to harness the benefits of nanotechnology in many 

industrial sectors, there are still a number of barriers to commercialisation. Incumbent 

firms may choose not to adopt new technologies, as they can be perceived as a threat 

to their existing product line. Customers may choose not to buy products utilizing 

nanotechnology, as there are still uncertainties with regard to the long-term effect of 

nanomaterials on human health and the environment. Barriers to commercialisation 

such as market acceptance can be difficult to overcome for incumbent firms.  

Incumbent firms must also take into consideration uncertainties such as long-term 

consequences of nanomaterials on human health and the environment.  

 These issues need to be solved before product and process innovations utilizing 

nanotechnology can be commercialised. 

 Many inventions are still at the laboratory stage. There are many promising 

applications utilizing nanomaterials such as carbon nanotubes and graphene.  

 Commercialisation of nanotechnology has to address similar challenges as other 

high-tech complex technologies. It normally takes a very long time from finished 

prototype to commercialisation. The commercialisation of a product or process 

innovation needs to start at once, even before the prototype is finished. 

 It is also important to point out that it is not nanotechnology itself that is 

commercialised, but a product utilizing nanotechnology as a process innovation. 

Nanotechnology is just a means to get to a goal, which is commercialisation. 
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Established companies and start-ups meet many barriers with regard to the 

commercialisation of products or process innovations utilizing nanotechnology. One 

of the main barriers is market acceptance. 

 The commercialisation of nanomaterials subject to regulatory measures and 

standardisation from governments and international organisations.  

Two conditions need to be fulfilled before commercialising nanotechnology: 

First, there must be a market for the product, i. e. demand for the product that is going 

to be commercialized. Second, the start-up has to be capable to finance its activities. 

The most important barrier to commercialisation of a new technology is access to 

funding. However, globalization and access to international networks have changed 

how businesses operate. 

If we look at it this way nanotechnology is technology (market) push technology. 

Nevertheless, without market acceptance of product and process innovations utilizing 

nanotechnology, it can be difficult for incumbent firms to adopt the technology. It is 

also a discussion whether this technology needs to be commercialised. 

Nanotechnology is primarily an enabling technology for existing products and 

processes. Nanotechnology itself is not a completely new process, as it has been here 

for ages. Natural processes such as volcanic activity, natural fires, sea spray from 

ocean waves, and dust storms, are also nanotechnology (McNeil, 2011).  

 

Market Access/Acceptance 

Nanotech start-ups must also take into consideration competition from other firms 

both at home and abroad. Norway is a little nation when it comes to developing 

nanotechnologies.  

One of the most important commercial barriers for a start-up is market access.  
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     There are many barriers to commercialisation, ranging from competitors, 

governance, market access and accept, high development costs, and in the case of 

nanotechnology patents, litigation. This makes it very difficult for a start-up to gain 

market access. They need to seek soft funding from research and innovation policy 

agencies when developing early stage technologies. 

Nanotechnology start-ups have limited resources. They do not have access to the 

same financial resources as established companies. Nanotechnology start-ups are also 

more dependent on access to a commercial and technological infrastructure, such as 

laboratories with State of the Art equipment. Developing applications for commercial 

purposes in nanotechnology is very expensive. The costs of developing the 

technology are staggering. Nanotechnology start-ups therefore rely to a large degree 

on collaboration and partnerships with other commercial agents. These commercial 

agents include Technology Transfer Offices, but also multinational corporations. 

Start-ups in the field of Nanotechnology are usually spin-offs from universities or 

research institutes. There were not many of them in Norway, a maximum of 20 at the 

time of the study.  

 

Market Uncertainty 

The commercial success of a nanotech enterprise is far from certain. There is an 

element of uncertainty due to the factors mentioned above (high development costs, 

access to know-how, know-who, and know-when (Jensen et al.), access to critical 

components, access to a technological infrastructure such as incubators/science parks 

and laboratories.  

The development and commercialisation of innovations that use nanotechnology as 

a component can be both expensive and time-consuming. Not only are 
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Nanotechnologies comparatively more R&D and capital intensive than other 

technologies, they also differ from other technologies with respect to 

commercialisation. 

The uncertainties that are inherent to nanotechnology, such as the health 

dimension, can make it difficult to commercialise nanotechnology. Many firms do not 

mention that they commercialise nanotechnology. For example, Jotun AS does not 

mention that they use nanomaterials in their paints. They only mention “developed in 

collaboration with SINTEF” (personal communication, 7 August 2013). We also see 

that multinational corporations are reluctant to mention that they use nanomaterials 

when marketing their products. L’Oreal does not mention that they use 

nanotechnology in their cosmetic products. 
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Technology Transfer 

An important aspect of university-industry relations is technology transfer. 

Nanotechnology R&D and commercialization often require long-term commitment on 

the part of the nanotech start-up (the entrepreneur) and investors/commercial agents. 

It also requires cooperation with external actors.  

TTOs and public research organizations are important actors with respect to 

nanotechnology commercialization. Most often spinout companies are the result of 

collaboration between TTOs, research institutes and key individuals. Key individuals 

in this case refer to the technologist who has made a significant scientific discovery. 

 Start-ups also collaborate with larger companies and research institutes.  

After the passage of the Bayh Dole Act and its emulation in the Norwegian 

university system, inventors have a duty to disclose their idea/invention to the TTO. 

The university retains the ownership of the invention/patent. 

According to one informant, TTOs spin out companies too soon. Start-ups need 

more time to develop their innovation before it can be commercialised. 

Commercialisation also involves getting the technology used. This is a very important 

function of TTOs.  

TTOs often work with projects that are market oriented, but where there is a need 

for technology (market) push. 
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Nanotechnology Spin-Offs 

 A nanotech start-up has in the development phase only access to limited resources. 

Product and process innovations in nanotechnology typically require collaboration 

between different actors to ensure commercial success. 

Larger companies have a competitive advantage because they do not have any 

problems with the financial part of R&D projects. Small nanotechnology firms, on the 

other hand, need to cope with limited resources and do not have large in-house R&D 

laboratories to conduct Research & Development.  
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Concluding Remarks 

The skills required to develop and commercialise the technology are an effective 

barrier to its commercialisation.  

|The largest barrier to the commercialisation of nanotechnologies is cost. Product 

and process innovations based on nanotechnologies can take a long time to develop. 

R&D and commercialisation in nanotechnology is time-consuming and expensive.  

Not all nanotechnology start-ups are successful in commercialising their 

innovation. Many nanotechnology start-ups are striving to survive, while others are 

dying with their idea. 

Barriers to commercialisation include high development costs, access to highly 

skilled persons, normally with a Ph. d, and a very long innovation process. The R&D 

phase of nanotechnology is extremely resource-intensive and expensive.  

A firm should not only develop one technology, but several alternatives to sustain 

a competitive advantage. 

The commercialisation of innovations requires a different set of skills than those 

of an inventor. 

Product and process innovations based on nanotechnologies have a very long 

innovation process.  

There is maybe a difference between the larger firms that use nanotechnology and 

smaller firms. Pure nanotech firms usually firms originate from the universities or 

research institutes (informant 3, 12 August 2013). 

Nanotechnology is an R&D intensive technology, which requires both a high 

initial investment and collaboration between different stakeholders. The success of an 

idea/innovation in nanotechnology is not always guaranteed. 
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A very important determinant of success in a nanotechnology venture is access to 

funding. 

Product and process innovations that utilize nanotechnology typically require 

collaboration between different actors to ensure commercial success. 

 According to my informants, the commercialisation process of nanotechnology is 

no different than other complex and advanced technologies.  

 Nanotechnology firms should try to build critical mass through co-option. This 

way they can build competence and reach new markets through organisational 

learning. 

 Nanotechnology firms may also profit from collaboration with actors in the same 

business segment. 

Based on my findings, I would say that the largest barrier to commercialisation 

is public acceptance. 

Nanotechnology should be linked to a university, as they are quite narrow in 

their area. 

High development costs and limited funds make it difficult for start-ups to gain 

access to capital. 

In this case study on nanotechnology commercialisation, I have noticed that 

there are very few nanotechnology start-ups in Norway. The technology is very 

important internationally. Many expect that nanotechnology will be the next 

technological revolution where Atomic Precision Manufacturing will replace 

conventional means of production. In this case, nanomanufacturing will bring about a 

revolutionary new way of producing products. However, there are considerable 

challenges ahead before we have a society where nanomanufacturing at the nanoscale 

is commonplace.  
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Nanotechnology is mainly technology push. 

 

Commercialisation efforts in nanotechnologies by governments and the scientific 

community have been very important in recent years. Partnerships between several 

companies within nanotechnology are quite common.  

Collaboration is the key to success in changing and dynamic markets. 

In addition, there are few successes to speak of, at least in Norway. Norway is not 

a large country when it comes to nanotechnology, but has developed competencies in 

sectors in which they have a competitive advantage, e. g in sectors such as energy and 

ICT. 

There are many ideas that are never realised because the inventor/entrepreneur has 

not been able to contact the right people. 

 Start-ups have some commercial advantages vs. larger firms. They do not have any 

legacy issues. 

The market for nanotechnology products is evolving rapidly. Commercialisation 

plays an important role in the diffusion of novel technologies, such as biotechnology 

and nanotechnology.  

Nanotechnology will increase the efficiency of solar cells and rotor blades in 

windmills.   

Nanotechnology should be considered as a tool to achieve the desired properties.  

Firms need to be very specific about what they want to commercialise.  

Nanotechnology start-ups have scarce resources. They depend to a larger degree on 

access to seed capital and venture capital (business angels).   

Nanotechnology start-ups often start as spin-offs from universities or research 

institutes. 
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The Research & Development in nanotechnology takes a very long time, but the  

Commercialisation phase does not differ very much from other advanced 

technologies.  

Nanotechnology depends on the involvement of public research organizations with 

respect to both R&D and commercialisation.  
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