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Abstract

This paper is concerned with the scientific change of nano-revolution with an aim to discuss and evaluate the scientific progress of

nanotechnology in some Asian countries. Nanotechnology is now a science and technology (S&T) priority area for many Asian countries

with the governments’ efforts to put the results of nanotechnology development to commercialisation. The national policy for

nanotechnology is to change the existing technology system and bring about an industrial revolution. Under the pressure of competition, the

key to a success would lie in how each country could find the right application to focus on in order to survive through international

competitions. This paper reviews specific targeted research activities of nanotechnology in some Asian countries—Thailand, Malaysia,

Singapore, China, South Korea, Taiwan, and Japan. The paper finally recommends policy implications to encourage national innovativeness

and effective commercialisation.
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1. Introduction

Nanotechnology is a cross-border technology transform-

ing the world’s economy. The supramolecular architectures

represent a new revolutionary approach in the research and

production. The nature of interdisciplinary technology

research makes it useful in many applications. However,

the strategy of nanotechnology engenders severe inter-

national competition. This paper uses Kuhn’s model of

scientific development and Schumpeter’s theory of indus-

trial revolutions as a base to discuss the nano-revolution.

This paper argues that nanotechnology has been regarded as

a revolutionising technology bringing about a paradigm

shift in industrial research. Finally, it sets out the policy

implications to encourage the undertakings of nanotechnol-

ogy research and development towards the revitalisation of

the economy.

2. Models of technical change

The plausible explanation of long waves in economic

development lies in the Kuhnian model of scientific
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development (Kuhn, 1970). Kuhn argues that there are

periods of stability (normal science) punctuated by periods

of crisis, leading to a revolution and a new normal science.

The influence of new paradigm gathers momentum as the

norms are widely adopted. According to Lloyd (1986),

paradigm is a set of rules, standards, and examples of

scientific practice shared by group of scientists, the

commitment to which and consensus produced by it being

prerequisites to the genesis and continuation of a research

tradition. Dosi (1988) defined the term ‘technological

paradigm’ as a pattern for solution of selected techno-

economic problems based on highly selected principles.

Freeman and Perez (1986, 1988) used the term ‘techno-

economic paradigm’ to refer to an innovation that affects the

whole economy e.g. steam power, electric power, electronic

computer. Similarly, Kuhn used the term ‘paradigm shift’ to

refer to the mark of maturity of a science. As the acquisition

of a paradigm provides model problems and solutions to a

community of practitioners, the essence of Kuhn’s process

of scientific development (the development of paradigms)

can be shown in this figure.

Fig. 1 shows the development of paradigm (Glass and

Johnson, 1989). The normal science represents a period of

puzzle-solving activities in response to a mismatch between

the paradigm and reality. The puzzles that resist solution are
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Fig. 1. The process of scientific development.

J. Wonglimpiyarat / Technovation 25 (2005) 1349–13541350  
 

 

seen as anomalies of a paradigm. When there is a failure to

solve the puzzles within the current paradigm, these

anomalies would further produce disorder or crisis in the

process of scientific development. According to Kuhn

(1970), the symptoms of the crisis encourage the willingness

to try anything new which would bring revolution (Brown,

1977). So, why is it so important to understand the

technological revolution? One answer rooted in this paper

is that the benefits of nanotechnology serve as an incentive

for researchers/ policy makers to develop the paradigm

further (Bauer, 1995).

According to Schumpeter (1939, 1967), the phenomena

of five Kondratieff long cycles engender waves of technical

change. Schumpeter’s ‘long-wave theory’ explains the

technological revolutions underlying the ‘Kondratieff’

cycles or long waves of economic development. The

classification of the level of technical change into two

periods—Schumpeterian and Neo-Schumpeterian is shown

in Table 1.

The Neo-schumpeterian theory is built upon Schump-

eter’s theories of long cycles in economic development. The

shift from early Schumpeter (Mark I) to the late Schumpeter

(Mark II) leads to the growth of industrialisations. Schump-

eter’s works on business cycles with successive industrial

revolutions or long waves of technical change could be

compared to Kuhn’s paradigmatic change (a change in

paradigms that sets the stage for the possibility of scientific

revolution). The Schumpeter (1939) view of ‘creative

destruction’ also emphasises discontinuity of economic

development. Although his theory does not touch intellectual

knowledge in the way as Kuhn does, Schumpeter’s

conceptual models on technical change are incorporated

into economic theory for purpose of conceptual exposition.

The development cycle of industries brings about

economic growth. For example, cotton is a key factor of

textile innovations in the first Kondratieff cycle; coal and

iron for the industries associated with steam power and

railways in the second Kondratieff; steel for the industries

based on electric power, chemicals manufacture in the third

Kondratieff; energy (oil) for industries such as consumer

electronics, synthetic materials and pharmaceuticals in the

fourth Kondratieff; and chips (integrated circuits) for

innovations based on information and communication
technology (ICTs) in the fifth Kondratieff (Freeman, 1982;

Freeman and Soete, 1997).

It is argued that nanotechnology is entering the sixth

Kondratieff. Investment in the technology of nanometer

scale has suggested the progress of theoretical concepts

from macro- and micro- to nano-system. Walker (2000)

stresses the importance of embedded institutional, political

and economic commitments to building a particular

technological paradigm. From the previous five Kondratieff

cycles based on mechanisations, it seems that nanotechnol-

ogy is now the starting point of the scientific breakthroughs

which we would discuss next.
3. Nanotechnology: a successive industrial revolution

causing a paradigm shift

As paradigm shifts clearly have occurred in the past, it

can be expected that similar paradigm shift would occur in

the near future. Nanotechnology can be seen as the sixth

Kondratieff to bring revolutions in research arena. The

molecular nanotechnology presents a competing theory that

emerges in the global research. Nanotechnology deals with

the nanometer scale—a scale at one-thousandth of a

micrometer or one-billionth of a meter. It is argued that

nanotechnology represents a new revolutionary approach in

the fundamental research—the change of scientific

approach from a macrocentric to a nanocentric system.

The nanoscale science and engineering research deals with

atom and molecule level and thus needs multidisciplinary

knowledge. To put it another way, the limit of mono-

disciplinary science to reach a solution to a particular

problem sets the stage for the possibility of scientific

revolution—the progress towards broad research areas such

as physics, biology, materials and engineering sciences

(Dosi, 1988; Christensen, 1997). There are large potential

given by the opportunities of nanostructures for the

commercialisation.

Based on Kuhn’s theory of scientific revolutions and

Schumpeter’s account of business cycles, Nanotechnology

represents a progression from normal science to problem-

solving theory in the manufacturing industry. Research and

Development (R&D) activities in nanotechnology have

been strengthened worldwide to provide a foundation for

further technological advancement in the future. Reconsi-

deration of the theory in technological change is a result of

the nanotechnology research being taken to enable the shifts

in paradigms (Geels, 2001). Nanotechnology represents

interdisciplinary research since it requires interdisciplinary

education, networked research and improving human

performance. The potential of nanotechnology is pervasive

in many applications. For example, nanoparticles are used in

the development and fabrication of new materials, carbon

nanotubes are used in automobiles, field emission display

(FED), transistors, fuel cells, high-performance battery.

Many industries in the world see the benefits of



Table 1

Taxonomy on the level of technological change

I. Schumpeterian theory of long waves (Mark I)

Period Description Key factor of economic

development

First Kondratieff (1780s–1840s) Industrial Revolution: factory production for textiles Cotton

Second Kondratieff (1840s–1890s) Age of steam power and railways Coal

Third Kondratieff (1890s–1940s) Age of electricity and steel Steel

Fourth Kondratieff (1940s–1990s) Age of mass production of automobiles and synthetic materials Energy (especially oil)

Fifth Kondratieff (late 1990s) Age of information, communication and computer networks Chips (micro-electronics)

Sixth Kondratieff (2000s-??) Age of nano-engineering and manufacturing Nanotechnology

II. Neo-Schumpeterian (Mark II)

Scholars Keys concepts on technical change

Abernathy and Clark (1985) They propose a taxonomy of technical change: 1. Architectural innovation 2. Innovation in the market niche phase

3. Regular innovation 4. Revolutionary innovation

Barras (1986, 1990)) The Reverse Product Cycle (RPC) model presents three stages of technical change: 1. Improved efficiency

2. Improved quality 3. New products

Buzzacchi et al. (1993) Technical change in banking industry exhibits a mass automation regime and smart automation regime. They regard a

shift of technological regime as revolutionary

Dosi (1982) Technological paradigm as a pattern of solutions of selected technological problems

Freeman and Perez (1988) They propose a taxonomy of innovations: 1. Incremental innovation 2. Radical innovation 3. New technology systems

4. Changes of techno-economic paradigms

Gallouj and Weinstein (1997) The model of innovation is an attempt to make a distinction between radical and non-radical innovation: 1. Radical

innovation 2. Improvement innovation 3. Incremental innovation 4. Ad hoc innovation 5. Recombinative innovation

6. Formalisation innovation

Hughes (1988) The development of large technical systems is of evolutionary process

Nelson and Winter (1977, 1982) Natural trajectory as a process of learning of specific problem solving activities

Pavitt (1984) Taxonomy of technical change as a study of patterns of technical change: 1. Supplier-dominated 2. Scale-intensive

3. Information-intensive 4. Science based 5. Specialised suppliers

Pavitt (1986a, 1986b) Technical change is a process of creative accumulation: a representation of continuous improvements with no

discontinuity

Rosenberg (1976, 1982) Technological change as a process of minor improvements, based on earlier vintages of technology

Tushman and Anderson (1987) There are two processes of technical change: competence-enhancing and competence-destroying. The latter is

regarded as a technological shift, representing discontinuity

Von Hippel (1988) Innovation in the perspective of innovative organisation is a process of incremental improvements

Source: The author’s design.
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nanotechnology for industrial production. The efficiency in

terms of using less material and resulting in less waste

would provide a means for sustainable development.

Currently, nanotechnology has been high on the global

scientific agenda. Many countries foresee nanotechnology

as an area that is ready for future exploitation. The national

laboratories have been set up and technology areas have

been prioritised to prepare for this technological challenge.

Researchers in global communities are embarking on new

nanotechnology path. Table 2 shows that many Asian

countries incorporate nanotechnology as national plans and/

or establish National Nanotechnology Centres within the

context of the country’s strategy.

Thailand and Malaysia (although having limited budget

of USD 25 million and USD 8 million, respectively) join the

race of opportunities by adopting national policies to

promote nanotechnology. In Thailand, the National Nano-

technology Center (Nanotech) has been set up in coordi-

nation with the Ministry of Information and Communication

Technology to produce researchers and educators on

nanotechnology. The objective of Nanotech is to act as a

national coordinating body between academia, industry and
government to promote R&D in nanotechnology. Attempts

have been made to identify supply and demand side of

prospective niche products to promote commercialisation.

Malaysia has currently set up an undergraduates and

postgraduates network for nanotechnology among univer-

sities and colleges in the country. Malaysia’s policy in

supporting nanotechnology programmes is to engineer

novel structures at the molecular levels—nanoporous and

nanocrystalline systems. The nationally developed research

areas include nanomaterials (nanocarbon structures, full-

erene, carbon nanotube, clay, layered silicates, polymer,

aerogel, aeroglass, zeolites and ceramics) and nanocompo-

sites (hybrid catalysts, membrane, phase boundary system

and conducting nanopolymer blend).

In Singapore, the government-backed nanotechnology

research includes technologies of high density data storage,

highly integrated chips, and bio/medical applications.

Currently, the government starts a joint venture with US

firms in the field of nanobiology applications for the

industrialisation of processes. In China, the Nano Sci-Tech

Industrial Park is established to undertake R&D on

nanotechnology and superconductor.



Table 2

Nanotechnology research and policies in Asian countries

Country Research policies and activities

Thailand Research activities in the field of nanotechnology are intended to respond to scientific and technological needs of Thai government’s

policy. The National Nanotechnology (Nanotech) is set up with an aim to increase Thailand’s competitiveness. The R&D areas of focus

include advanced polymer, nanocarbon, nanoglass, nanometal, nanoparticles, nanocoating, nanosynthesis with applications to the

industries of automotive, food, energy, environment, medicine and health

Malaysia The Malaysian government sets aside, under the eighth Malaysian Plan, USD 8 million for research in nanotechnology and precision

engineering technology. The research projects in focus are nanophysics and nanochemistry. Malaysia currently invests in high-cost

laboratories to incubate and develop new technologies, in an attempt to shift from a traditional manufacturing and assembly base into

nano-R&D

Singapore Singapore’s government policy in nanotechnology promotion is focussed on disk storage and biological fields. In 2002, the National

University of Singapore Nanoscience and Nanotechnology Initiative (NUSNNI) was established as an interdisciplinary group to

accelerate nanotechnology business

China The Chinese policy involved ‘Climbing Project on Nanometer Science’ (1990–1999). China has budgeted USD 240 million in less than

five years from the central government and approximately USD 240–360 million from local governments for nanotechnology research.

The areas of strength are development of nanoprobes and manufacturing processes using nanotubes

Korea The Korean government formulated the ‘Comprehensive Plan for Nanotechnology Development’ in 2001. It also launched a National

Nanotechnology Program covering various fields whereby nanomaterials is one of the key research areas. The research projects are

funded jointly by the government and the private sector. Major funding agencies are the Ministry of Science and Technology, the

Ministry of commerce, Industry, and Energy. The research programs funded by the Ministry of Science and Technology are mostly

basic nanotechnology while the Ministry of Commerce, Industry, and Energy supports the research programs close to

commercialisation

Taiwan Taiwan launched the National S&T Priority Program on Nanotechnology in Taiwan (NPNT) with a budget of USD 680 million for

research in nanotechnology. The implementing mechanism of fund allocation is according to a 20C/60/20-rule, with

(1) 20% of the funding to be targeted towards nanotechnology with short-term commercial potentials, particularly those help upgrade

the competitiveness of the traditional industries,

(2) 60% of the R&D resources to be invested in the fields that will impact future competitiveness of current Taiwan hi-tech industries,

(3) 20% of the project to be concentrated on the exploratory studies for potential applications that will generate innovative and new

technologies

Japan Nanotechnology is ranked as an important field in the Second Science and Technology Basic Plan of the Japanese government. In 2002,

the Japanese government announced the promotion of the ‘New Industry Development Strategy’ to tie nanotechnology and material

science with new industries. Japan views the development of nanotechnology as the key to restoring its economy. In addition to

government sponsored R&D, large corporations—Hitachi, Sony, Toray, Mitsubishi, Fujitsu, and Mitsui have invested in

nanotechnology research

Source: The author’s design.
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Korea and Taiwan have announced the national policies

to push nanotechnology R&D outcomes to commercialisa-

tion. In 2002, Korea spent USD 1.56 billion for nanotech-

nology R&D in order to train engineers in the emerging

fields and support specific nanotechnology research projects

including nanomaterials, electronic devices based on the

miniaturization technology, computer memories and mol-

ecular-logic devices. In Taiwan, the government has

implemented a five-year nanotechnology development

plan (from 2004 to 2008). More than 70 companies are

engaged in the R&D of nanotechnology-related products,

including semiconductors, nano-materials, integrated

circuit (IC) boards, flat displays, optoelectronics, electrical

appliances, textiles and biotechnology. Taiwan also sets a

challenging goal of obtaining 3% share in the global

market (the global market totalling USD 1 trillion) by the

year 2010.

While many Asian nations (Thailand, Malaysia and

Singapore) attempt to differentiate themselves in the region,

Japan does not see niche businesses to invest in this new

technology as a priority. The Japanese Ministry of

Economy, Trade and Industry (METI) is at the core of
planning the New Industry Development Strategy and

integrating various measures on R&D, education and

training, environment organisation to support the accelera-

tion of commercialisation in nanotechnology to create new

industries. Currently, carbon nanotubes is one of the most

promising discoveries that Japan uses in many applications

including nano-electronic and nano-mechanical devices

with an expectation to bring nano-enhanced products to

hit markets.
4. Conclusions on policy implications

In this paper, it is illustrated that many countries see

nanotechnology as key to rebuild/reinvigorate their econ-

omies. The scientific change can be seen from its

interdisciplinary nature. Being concerned that other

countries might outdo them in competition, many govern-

ments bring policy agendas to encourage national competi-

tiveness. The need to revolutionise and bring about the new

paradigm shift requires the redesign of old systems

altogether. In particular, it is argued that, to achieve
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sustainable and knowledge-based industrial systems

requires shifts in research paradigms (nanoscience as a

new research approach requiring a strong coupling between

basic and applied research). Key policy recommendations to

support competition and synergy in nanotechnology are as

follows:

4.1. Setting nanotechnology priorities for competition

Seeing nanotechnology as a major factor in the social-

economic development, many governments will face

international competition. In such a situation, the govern-

ments should find the right areas of nanoscience with

specific expertise to promote industrialisation of R&D

outcomes. A strong national policy agenda is needed for this

thematic prioritisation. In order to survive through compe-

tition, efforts should be taken in allocating funding to

activities that would lead to knowledge advancement and/or

commercialisation, depending on the national conditions.

4.2. International collaboration and networking

Due to extremely severe competition to commercialise

nanotechnology-based innovations, many countries identify

their potential fields to compete in the world market.

However, the fruit of nanotechnology needs information,

personal exchange and networking in order to conduct

nanotechnology R&D. The commercialisation also needs

international collaboration between universities and com-

panies to accelerate the speed of R&D towards the intended

purpose. Collaboration also includes the cooperative use of

R&D infrastructure, such as expensive analytical equipment

or technical database to promote joint research activities.

4.3. Universities’ role in nanotechnology R&D

Since most governmental research is carried out at

universities, the role of universities is increasingly import-

ant in training researchers and technicians. The universities

should establish metrology and measurement standards

(from micro- to nano-meter) for nanotechnology commer-

cialisation and industrialisation. As the industrial and

academic fusion needs human resources training to create

new industries; the government, through ministerial inter-

vention, should support joint funding initiatives between

industry and academia.

4.4. Financing the nanotechnology research

An initial seed stage of funding nanotechnology research

is difficult because the timeframe to market is large (moving

from laboratory discovery to a commercial product) and the

research projects require much funding. The government

should support venture capital funding to accelerate

nanotechnology becoming a commercial opportunity. The

governmental support in terms of funding should be on

 

 

focused research areas with R&D priority consideration.

Also, institutional investors may take over deals from start

to finish.

The point to note is that the transition towards a

knowledge-based society needs a new paradigm of research

approach—integration between fundamental research,

research infrastructure, and educational activities. Highly

interaction of innovative enterprises, academics and gov-

ernmental organisations are required for a forward-looking

research action. While the national competitiveness is built

upon the existing strength (well-established technologies),

many countries look for new opportunities that would foster

industrial growth and development. A budget set to invest in

nanotechnology research in many Asian countries illustrates

an increased level of commitment by local governments

towards this paradigm shift (the nano-revolution).
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