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Executive Summary

This investigation has been initiated by the dti, in order to identify technology trends both locally and
abroad and develop supporting actions for the country’s industries. The report set the objective “to
identify global technology trends, which will influence the competitiveness and future development of
South African industries, with specific focus on identifying areas for innovation so as to reduce industrial
dependency on foreign technology, whilst ensuring that appropriate programmes are offered to

promote innovation and technology” (terms of reference of the dti study on technology trends).

More specifically the terms of reference set the following objectives:

e Identify international trends related to technology development.

e Identify, on a global basis and across industrial sectors, the existing and emerging technologies
that are driving success in the marketplace.

e |dentify technology and sectors being supported by governments in other countries.

e Identify international innovation and technology support strategies and practices which have
and are leading to sector development.

e Identify cross cutting technologies that could impact more than one sector within the
manufacturing industry.

e |dentify the impact of introducing such technologies on industrial development as well as the
general impact on socio-economic environmental conditions.

e |dentify possible technology areas for further development in South Africa.

e Formulate specific recommendation for government intervention, based on the above

assessment and also considering the government’s current strategies and interventions.

The report is based on an extensive national and international literature review; the development of a
number of technology related indicators; patent and bibliometric analysis of South Africa and a number
of other countries; review of the available technology incentives locally; and a survey of national
stakeholders. The literature review is covering trends in technology development; country rankings
according to technological and manufacturing performance; best practices in technology support; and
identified research/technology priorities. The countries/regions emphasised are USA, Japan, European

Union, United Kingdom, Brazil, India, Korea and Malaysia.

The findings of the investigation according to the set objectives are as follows:



There are four broad international trends that shape the development of technology currently. These

are:

Technology Convergence: It is recognised internationally that the world is undergoing a global

technology revolution that is integrating developments in biotechnology, nanotechnology,
materials technology and information technology at an accelerating pace with profound effects
on society

ICT/Digitisation is recognised as the most important technology area currently and in the

foreseeable future and it permeates all facets of society.

Emphasis on High Technology Industries; Governments internationally support the
development of high technology industries on the conviction that knowledge- and technology-
intensive economies create well-paying jobs, contribute high-value output and ensure

economic competitiveness.

Recognition of Importance of Transnational Corporations which account for more than 60% of

all R&D in world and for 2/3 of world trade.

These trends are fuelled by a number of emerging technologies which have the potential to enable new

inventions and the creation of new industries. Currently the identified enabling technologies are:

Advanced materials.

Advanced manufacturing systems.
Micro and nano-electronics.
Nanotechnology.

Industrial biotechnology.

Photonics.

The international review identifies 40 emerging technologies and their level of maturity. They are

grouped as: nanotechnologies; knowledge based multifunctional materials; new production processes;

information society technologies (IST); life-sciences, genomics and biotechnology for health and

sustainable development, global change and ecosystem. These technologies have the potential to affect

a multitude of sectors and the report identifies these cross cutting technologies with the most potential

in terms of sectoral impact. Furthermore, it is argued that these technologies have potential for high

market growth and capabilities of solving social problems ranging from health and rural development to

defence and economic growth.



All countries investigated identify and support cross cutting technologies. These are: ICT; renewable
energy; advanced materials and nanotechnology; advanced manufacturing technologies; aerospace
technologies and biotechnology. Countries support technologically various sectors depending on their
economic plans but all of them support strategic sectors such as ICT, aerospace, and green energy. The
report lists cross cutting technologies and the sectors that are expected to affect (table 4). For example,
3d printing and personal fabrication is expected to affect electronics, energy, pharmaceuticals,

aerospace, agro-processing and textiles.

The countries utilise a number of common approaches in order to support technologically their
industries. These are: monitoring and coordination; institutionalization of priorities; support for research
and development expenditures; support through innovation support programs, fiscal incentives and
cluster initiatives; strengthening the science base for knowledge intensive technologies and using a

multitude of incentives.

A number of indicators related to South Africa and selected countries point out that South Africa has an
underdeveloped high technology, high value industry. The value added indicators, imports-exports,
patents and R&D expenditure make that point. Similarly the country’s publication profile shows that the
research system is not geared to support the high technology industry. Critical disciplines like
engineering, material sciences, computer sciences and molecular biology are underemphasized in the
country. The patent analysis identifies the technologies in which South Africa has a leading position
internationally. South Africa is ranked third in the world in Chemistry: Fisher-Tropsch Process or
Purification or Recovery of Products; 12" in Chemistry of Hydrocarbon Compounds and also in
Specialized Metallurgical Processes. Furthermore, South Africa appears to have few innovation

programmes in comparison with the other countries.

A survey of relevant stakeholders (chapter 3) identifies a variety of technologies of importance for the
various sectors. The stakeholders’ opinions converged in identifying as being of high importance the

following technologies:

e Advanced manufacturing technology;
e Modelling and simulation for improving products, perfecting processes, reducing design-to-
manufacturing cycle time and reducing product realization costs; and

e |Intelligent sensor network and ubiquitous computing.

Xi



The report advances the following recommendations:

dti should consider developing programmes supporting the development of high technology,
high value added industries. A possible approach toward this objective is the development of
“science parks” or “corridors”. The parks should offer adequate incentives to attract and support
the prioritized industries according to international good practise. Such incentives may include
world class competitive IT infrastructure at internationally competitive cost; uninterrupted
electricity at internationally competitive cost; the provision of sector specific R&D and innovation
funding; the provision of tax holidays (on application) to international companies with expertise
in technologies of national interest; etc. Suggested parks that can be considered are: Innovation
Hub for ICT and creative industries; Automotive Supplier Park for automotive and transport;
Centurion for Aerospace Village for aerospace; Stellenbosch Techno-park for agro-processing;
NMMU-CSIR and Cape Apparel and Textile Cluster for textiles and Onderstepoort for
pharmaceuticals/animal health.

dti should develop sector based programmes supporting technology adoption and innovation
according to international good practise. Industry participation should be a prerequisite in these
efforts. A possible mechanism for the development of sector based support can be the creation
of THRIP type programmes (triple helix approach). The cross cutting technologies impacting a
multitude of sectors may by prioritized as being cost effective. The most important are
nanotechnologies for industry (affecting 8 sectors); smart bio-mimetic materials (7 sectors);
smart interactive textiles (7 sectors) intelligent sensors networks (7 sectors); 3D printing and
personal fabrication (6 sectors); industrial biotechnology (6 sectors). As in THRIP it is the
industrial participant who identifies and co-funds the project the approach is particularly suited
for the dti. This recommendation is supported by international best practice and the finding that
South Africa has a limited number of technology supporting instruments in comparison to the
rest of the world.

The dti in consultation with DST should develop and support the “South African Advanced
Manufacturing Initiative”. Even though small efforts exist locally (emphasising mainly aerospace
technologies) the field is recognised internationally and locally as of critical importance for the
future of a variety of industries and sectors. The programme will work on a cofounding
partnership basis. The dti should solicit relevant proposals from consortia of private and public
organisations for the development of technology area with high potential payoff in employment

and output. The industrial partners should be prepared to co-invest with the government.

Xii



Government should further support the development of shared labs, pilot plants, technology
infrastructure and creation of clusters. Where necessary, government should offer modest-sized
planning grants to support the preparation of such proposals.

e . The dti should consider, together with DST, the establishment of supporting instruments
enlarging the parts of the science base in the disciplines of interest to the dti and industry. Our
analysis provides evidence that the science base underemphasizes technologies supporting high
technology industries, engineering and similar. The objective should be to double the available
expertise in engineering and priority science fields within ten years. Such fields are engineering,
materials science, computer science, chemistry, and molecular biology. In this context the dti
should aim to get directly involved in the financial support and the management of the science
base.

e The dtiin collaboration with the relevant sectors should consider the establishment of
“Innovation and Knowledge Centres” according to the UK model. The Centers will aim to bridge the
innovation chasm from research to commercialization. Their focus will be to technology areas where
South Africa has substantive strengths (e.g. catalysis, immunology products and similar) and it will
support mainly process technology development in pilot lines, prototyping and demonstrators,
accelerating commercialization. In the same context the newly institutionalised Incubation Support
Program of dti could be expanded (financially) and support also development of demonstrators and
prototypes.

o The dti should establish committee for emerging technology identification and support. South
Africa does not have an emerging technologies identification/prioritization mechanism. This creates
delays in the establishment of relevant supporting programs; delays in technology transfer; lack of
state of the art information in industry (particularly in the technology intensive industries) and
similar. The Emerging Technologies Committee of the Chamber of Commerce in the USA can be

utilised as an example.
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1. Introduction

The world is in the midst of a technological revolution. Advances ranging from the field of information
and biotechnology to materials science and communications are occurring at an accelerating pace

bringing about radical changes in all dimensions of life.

Increasingly, such applications entail the integration of multiple technologies. New approaches to
harnessing solar energy, for example, are using plastics, biological materials and nano-particles. The
latest water purification systems use nanoscale membranes together with biologically activated and
catalytic materials. The reputable journal Nature reported recently (20 June 2012) that the Nobel

winning material graphene is able to desalinate water by manipulating the size of the pores and others.

These integrated developments, from multiple scientific disciplines, transform or have the potential to
change the face of work and industry, establish new economic and political powers on the global scene
and even affect the quality of human life. Although technologies may have widespread implications, not
all countries will necessarily be able to acquire them — much less put them widely to use — to the benefit
of their industries and societies. Industrial development is particularly dependent on technology and the

former is the recognized as the key to economic growth and development.

A recent report1 by the Department of Economic and Social Affairs of the United Nations Secretariat on
Industrial Development (UNIDO) for the twenty-first century articulates the primacy of industrial
development in economic development. The report states: “Industrial development is not the only
possible route to a developed country standard of living, but it is a well-proven one. It is for this reason
that industrial development remains a high policy priority of governments in the developing world.
While less vital to maintaining high incomes in developed countries, industry remains an important

source of well-paying jobs, especially for those workers with less than a college education.”

Countries are undertaking monitoring and assessment exercises in order to inform their policies and to

gain economic advantage over their competitors. Such activities are usually reported under the title of

United Nations (2007) “Industrial Development for the 21st Century: Sustainable Development
Perspectives.” Department of Economic and Social Affairs



science and technology foresight; science and technology roadmaps and similar. Most industrialized

countries undertook such exercises during the last twenty years fueled by a number of factors such as:

1. Technology is increasingly recognized to play the key role underpinning continued economic
growth and prosperity, by creating greater levels of productivity, and creating new products and
services;

2. The cost of performing the R&D required to create new technologies is increasing, which among
other means that most single companies can no longer afford to develop new technologies on
their own;

3. New technologies increasingly result from multidisciplinary research. This requires the
formation of new networks and strategic alliances to allow companies to engage in the social
process of innovation; and

4. Governments have a diminishing budget for science and technology. This is the result of many
factors, including the increasing costs of performing R&D, the increased competition in national

budgets from other priorities (e.g. welfare and health spending) and others.

In this context the dti in South Africa has initiated this investigation in order for the Innovation and
Technology Unit to support the Industrial Policy Action Plan (IPAP). The objective of the effort is to
identify technology trends locally and abroad and propose supporting actions for the country’s

industries.

The investigation is particularly timely as South Africa’s industrial performance appears to be in a
declining path, both according to UNIDO and IMD (appendix 3). UNIDO identified that the country’s
ranking declined from 45™ in 2005 to 49" during 2009 while IMD identified that the country’s ranking
declined from 44" during 2010 to 52" during 2011. It should be noted that IMD ranked even lower

(58"™) the country’s technological infrastructure.

The structure of the report is as follows: the Chapter “Technologies and Policies: the International
Experience” summarises the findings of a large European Commission multi-sectoral study that was
recently completed. The investigation with state of the art recommendations analyses the factors and
institutions impacting innovation performance and the structural background of innovation potential
and important technologies in nine selected sectors i.e. food/drink, machinery/equipment, textile,
chemicals, ICT, space and aeronautics, automotive — and three horizontal topics: biotechnology, eco-

innovation, and “gazelles” (fast growing SME’s). The study has far reaching consequences for innovation

2



policy as it argues that individual sectors require particular innovation policies and that the approach of
one fits all is ineffective. Simialrly the chapter elaborates on the relevant experiences of eight
regions/countries which cover the most important regions in the world. The regions covered include the
USA, Japan, European Union; United Kingdom; Brazil; India, Korea and Malaysia. For each country their
sectoral priorities and relevant technologies are identified together with the policy approaches utilized.

The Chapter ends with concluding remarks.

The following chapter “Technology Identification Survey” reports the findings of the effort to canvass
the opinions of local experts. The chapter “Overview of Innovation and Technology Support in South
Africa” describes the incentives offered to industry by government in South Africa. It follows the chapter
“Indicators: South Africa and Selected Countries”. A number of indicators are developed and reported
including value added in various manufacturing sectors in South Africa and abroad; and patent analysis;
bibliometric indicators. The final chapter “Findings and Recommendations” discusses the findings of the
report and provides relevant recommendations. The report is supported by a number of appendices in

volume 2.

2. Technologies and Policies: International Experience

This chapter elaborates on the findings of the Sectoral Innovation Watch project of the EU and
elaborates on experiences related to technology/innovation policy (technology/sector identifications
and modus operandi) in eight regions/countries, which cover the most important regions in the world.
The regions discussed include the USA, Japan, European Union; United Kingdom; Brazil; India, Korea and
Malaysia. For each country the sectoral priorities and relevant technologies are identified together with
the support approaches utilized. Emphasis is placed on recent policy related activities affecting industrial

establishments. The chapter ends with concluding remarks.

The European Commission (Directorate General Enterprise and Industry) supported the development of
the three year Sectoral Innovation Watch (SIW) SYSTEMATIC projec*c.2 The objective of the effort was to
analyze the factors and institutions impacting innovation performance and the structural background of

innovation potential in the nine selected sectors. The investigated sectors were food/drink,

Europe Innova (2008) “Sectoral Innovation Watch: Synthesis Report.” European Commission Directorate
General Enterprise and Industry, Brussels



machinery/equipment, textile, chemicals, ICT, space and aeronautics, automotive — and three

horizontal topics: biotechnology, eco-innovation, and “gazelles” (fast growing SME’s).

The motivation for the project stated that even though conditions and approaches to innovation differ
from sector to sector, most policy instruments in the EU and internationally are of horizontal nature (i.e.
support all sectors). Hence, the project aimed to identify those differences and relevant policy

instruments.

Some of the findings are as follows:

e Sectors differ considerably in their modes of innovation. In some sectors firms that produce
technology, i.e. firms that carry out R&D either continuously or intermittently, are more
prevalent. Such sectors are the ICT sector, the automotive industry or the chemical industry. The
total share of innovators in these sectors is also above average, as is their economic
performance. In turn technology users, i.e. firms that use, adapt and modify existing
technologies, are in sectors such as food, textiles or the energy industry. These firms are more
likely to look beyond technological opportunities and the total number of innovators among
them is low.

e Knowledge acquisition from external sources is of particular importance in sectors with large
shares of technology users, whereas R&D activities are important in sectors where firms that are
technology producers prevail.

e Technology users may be highly innovative in terms of the turnover they generate through the
introduction of new products. In this case innovation is driven by the acquisition of external
knowledge. Formal cooperation agreements, licenses, commissioned research, or informal
exchanges with suppliers or competitors, act as (weak) substitutes for in-house R&D. In addition,
innovation expenditures related to personnel training and activities related to market
introduction of innovation are all crucial factors for the firm’s innovative success. Yet, the results
also show that across all types of firms, R&D investment remains the most important factor for
innovation success.

e There is a broad spectrum of specific national sector responses to national policies that have an
effect on innovation performance. These results suggest adjusting the national and regional
innovation policy mix to accommodate factors specific to sectors. For example, for the energy

sector, the ICT industries and the aerospace industry public R&D subsidies have a positive effect,



whereas R&D spending by the government seems to crowd out R&D investment in the textile
and chemical sectors. The variables involving free market access seem to have a positive effect
in the energy and food sectors, while they have a detrimental effect on ICT and aerospace
companies.

e There is an inverted U-shape relationship between competition and R&D across countries and
sectors. This means that firms have little incentive to invest in R&D if they are not stimulated by
competition, whereby too much competition discourages investments into R&D activities, as the
likelihood of diminishing returns on their efforts increases. However, the effect of competition
on innovation declines when a country lags behind other more advanced countries. This means
that in less advanced countries more competition could actually harm R&D spending. This
implies that more competition might not initially be good for less advanced countries. However,
as they pass productivity thresholds competition would become a more important factor in
stimulating innovation. This means that in less advanced countries competition policies should
not be too rigid, and temporarily allow less competition among fewer companies.

e There is a multitude of policy instruments used in Europe for the benefits of industry (Table 1).
SMMESs attract the largest number of instruments by target and innovation the largest number
by type.

e The three top challenges facing all industries are related to human capital, the support of

knowledge creation, diffusion and technology transfer and financial constraints.

Table 1: Policy measures per sector and share of targets and types (Number of cases: 1157)

ICT Aero- Bio- Chem- Auto- Food Ga- Machi-  Eco- Energy  Tex- Total
nautics tech icals motive zelles nery inno tile number

What are the measures

All industry sectors 36 24 30 37 40 28 41 41 49 36 47 433
Particular industries 25 44 38 49 38 44 19 38 32 38 34 416
Large companies 36 59 45 43 45 34 17 46 38 45 42 466
SMEs 57 67 59 59 61 61 85 59 61 45 65 710
Research organisations 39 56 64 49 46 39 26 39 49 42 30 502
Individuals 21 13 22 20 18 27 20 20 30 35 15 258
Other 25 21 18 14 10 11 8 23 18 16 12 181

What are the types of measures

Cluster initiative 23 24 32 21 24 22 16 13 29 7 14 241

Technology platform 26 24 16 24 18 14 14 17 31 25 14 235




Innovation Programme 45 35 45 43 56 43 45 48 49 35 47 520

Regulation 9 11 6 9 3 10 6 3 9 13 3 85
Competition regulation 1 3 2 0 1 6 0 0 1 5 2 22
Quality regulation 2 8 3 6 4 13 1 4 5 7 9 64
Fiscal initiative 16 24 26 21 30 23 38 24 31 35 20 302
Other 24 25 18 23 21 17 25 28 15 15 20 237
Number of measures 121 63 125 111 120 109 105 71 110 110 107 1157

Among the information provided was the identification of technologies of importance for the various

sectors. A summary of the findings for the various sectors appears in appendix 4.

The recent experiences related to technology/innovation policy of the selected countries follow:

2.1 USA

Technology is recognised for its contribution to economic growth and productivity increases and hence,
government attention has been focused on how to augment private-sector technological development.
It is widely accepted that technological progress is responsible for up to one-half the growth of the US

economy and is one principal driving force in long-term growth and increases in living standards.

The development of an industrial policy is a debated issue in the USA. Advocates argue that such an
effort could ameliorate much of the uncertainty with which the private sector perceives future
government actions and that consideration and delineation of national objectives could encourage
industry to engage in more long-term planning with regard to R&D and to make decisions as to the best
allocation of resources. They provide examples of successes such as the ARPANET, the predecessor of
Internet; the stealth aircraft, the GPS, the M-16 assault rifle and night vision goggles. Furthermore, it is
argued that industrial policy has established the foundations for new industries like optical networking,

supercomputers and design tools for computer chips.

Opponents however, express doubts as to its efficacy, to fear of adverse effects on the market system,
to political beliefs about government intervention in the economic system and to the current emphasis

on short-term returns in both the political and economic arenas.

As a result while many past activities focused primarily on research the Clinton administration increased
federal coordination and augmented direct government spending for technological development. The
Clinton initiatives shifted the emphasis toward development of new products, processes and services by

the private sector for the commercial marketplace.



The Bush administration was more supportive of indirect strategies such as tax incentives, intellectual
property protection, and antitrust laws to promote technology advancement, increased government
support for basic research and decreased direct federal funding for private sector technology activities.
In the 2006 State of the Union Address, the then President Bush announced the “American
Competitiveness Initiative” to facilitate innovation and provide “the nation’s children a firm grounding in
math and science”. To achieve these goals, the President called for doubling over the next 10 years the
amount of federal funding for basic research, particularly in the National Science Foundation, the Office
of Science in the Department of Energy and in the core programmes of the National Institute of

Standards and Technology, Department of Commerce.

Current federal efforts are aimed at:

Encouraging industry to spend more on R&D;

Assisting small high-technology businesses;

Promoting joint research activities between companies;
Fostering cooperative work between industry and universities;

Facilitating the transfer of technology from the federal laboratories to the private sector; and
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Providing incentives for quality improvements.

More recently the President’s Council of Advisors on Science and Technology (PCAST)3 in its report on
advanced manufacturing concluded that “what America needs to regain its leadership in manufacturing
is not an industrial policy, in which government invests in particular companies or sectors, but rather a
coherent innovation policy in which government not only supports sustained investment in basic

research to promote scientific discoveries, but also co-invests in precompetitive applied research to

. . . . . 4
accelerate the maturation and manufacturing-readiness of emerging technologies.”

The report was brought to our attention by Dr. Walsh M of the National Institute of Standards and
Technology. It was also mentioned that only “occasionally some technology development will receive
more attention in response to a well-defined need”. Nanotechnology, bio-manufacturing, and robotics
were technologies that were mentioned.

Office of Science and Technology Policy, Executive Office of the President (2011), President’s Council of
Advisors on Science and Technology Releases Report on Advanced Manufacturing available at
http://www.whitehouse.gov/sites/default/files/microsites/ostp/adv_man_press_release_final.pdf


http://www.whitehouse.gov/sites/default/files/microsites/ostp/adv_man_press_release_final.pdf

Advanced manufacturing involves the manufacture of conventional or novel products through processes
that depend on the coordination of information, automation, computation, software, sensing, and

networking, and/or make use of cutting edge materials and emerging scientific capabilities.

In response to the report, President Obama announced the creation of an Advanced Manufacturing
Partnership, to be spearheaded by leaders from top engineering universities and several major US
manufacturers. The President also directed the National Economic Council and the Office of Science
and Technology Policy to work closely with the new Partnership to implement a number of the PCAST

report’s recommendations, including that the Federal government:

e Invest in shared infrastructure facilities, including Federal and university laboratories, which
could be easily accessed by small and medium-sized firms and would facilitate significant
productivity gains by allowing those companies to rapidly prototype, customize, test and
produce new products;

e Support the development of advanced manufacturing processes that cut across multiple
industry sectors and could be used by an array of companies to dramatically reduce product
development time and increase entrepreneurs’ ability to design and transition their inventions
into products made in the United States; and

e Participate in partnerships with industry and academia that identify and invest in broadly-
applicable, precompetitive, emerging technologies — such as nano-manufacturing flexible
electronics, information technology-enabled manufacturing, and advanced materials — that

have the potential to transform the manufacturing sector.

The American Recovery and Reinvestment Act of 2009 committed over $100 billion to support
groundbreaking innovation with investments in energy, basic research, education and training,
advanced vehicle technology, innovative programmes, health IT and health research, high speed rail,

smart grid, and information technology. Figure 1 shows the allocation of funds to various objectives.

The building blocks of American innovation5 are as follows:

NEC (2009) “A Strategy for American Innovation: Driving Towards Sustainable Growth and Quality Jobs.”
National Economic Council
http://www.whitehouse.gov/administration/eop/nec/StrategyforAmericaninnovation/



Unleash a Clean Energy Revolution

Support Advanced Vehicle Technologies

Drive Innovations in Health Care Technology
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Harness Science and Technology to address the “Grand Challenges” of the 21° Century

Figure 1: Innovation Funding in the Recovery Act

Funding in the USA is allocated to the various agencies such as NSF, NIH and NIST earmarked for
particular programmes. A relative recent programme is the Technology Innovation Programme (TIP).
TIP is similar to Advanced Technology Programme in the sense that it aims to promote high-risk R&D. In
the TIP initiative, a joint venture may involve two separately owned for-profit companies but may also
be comprised of one small or medium-sized firm and a university (or other non-profit research
organisation). During 2009, nine awards were announced for new research projects to develop

advanced sensing technologies that would enable timely and detailed monitoring and inspection of the



structural health of bridges, roadways and water systems that comprise a significant component of the

country’s public infrastructure.

Another programme focusing on technology transfer is that of regional centres. It assists small
manufacturing companies to use knowledge and technologies developed under the auspices of the
National Institute of Standards and Technology and other federal agencies. The initial programme was
expanded to create the Manufacturing Extension Partnership (MEP) in order to meet new and growing

needs of the relevant community. There are now centres in 50 States and Puerto Rico.

The America COMPETES Act of 2007 directed the Secretary of Commerce and established an Office of
Innovation and Entrepreneurship to foster innovation and the commercialization of new technologies,
products, processes, and services with the goal of promoting productivity and economic growth in the
United States. Furthermore, the COMPETES Act required a study on the competitive and innovative
capacity of the United States. The Economic and Statistics Administration in the Department of

Commerce completed the report.

The report6 was released on January 6, 2012 by the Secretary of Commerce, John Bryson at the Centre
for American Progress in Washington DC. It recommends increased federal support in basic research,
the redoing of the American education system and the reallocation of wireless spectrum. It also details
the importance of the manufacturing sector to the American economy and the how improvements in
research and development, education and information infrastructure can lead to employment and a

greater competitive edge.

The report outlines a series of steps the Obama administration has taken to support American
manufacturing, including rescuing the US auto industry, the recent creation of the White House Office of
Manufacturing Policy and formation of the Advanced Manufacturing Partnership (AMP), as well as
initiatives such as the Materials Genome Initiative and the National Digital Engineering and

Manufacturing Consortium.

It should be emphasized that while above are outlined the more recent initiatives and priorities, the USA

supports comprehensive all research areas. For example, USA has the largest nanotechnology

US Department of Commerce (2012) “The Competitiveness and Innovative Capacity of the United States.”
available at http://www.commerce.gov/americacompetes
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programme in the world managed by a committee in the Office of Science and Technology Policy in the

White House.

2.2 Japan

Japan suffered from economic stagnation for more than 10 years and they have institutionalized a
number of policies in order to expand the economy in general and the manufacturing sector in
particular. It should be emphasized that manufacturing has been a key element of Japan’s economy
since the beginning of the post—World War Il period. Manufacturing exports from Japan equalled

USS$510.7 billion in 2006, which accounted for 80 %of the country’s total goods and services exports.

An important characteristic of the Japanese efforts is that all activities are well coordinated and thought
out. For example “The government’s science and technology strategic roadmap and its manufacturing
competitive strategy are inextricably linked, well coordinated and organised, consistent in focus and

policy direction, and very well funded”.

7 . o : .
A recent US Department of Commerce' report identified that five themes illustrate the current state of

Japan’s efforts to enhance its competitiveness and advance its economy:

1. “Japan is engaged in a cohesive “innovation program” at all levels—academia, government, and
industry (Innovation 2025).

2. Japan’s science and technology and its manufacturing competitiveness strategic roadmaps are
inextricably linked and well funded.

3. Japan’s key to global competitiveness will be to develop its human resources.

4. Japanese industry is moving forward with an aggressive competitiveness strategy without direct
government support or intervention.

5. Japanese leaders are thinking about how to advance the country’s strategic and commercial

relationship with that of the United States.”

US Department of Commerce (2009) “Japan’s Manufacturing Competitiveness Strategy: Challenges for
Japan, Opportunities for the United States.” US Department of Commerce, International Trade
Administration Springfield, VA 22161
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The “Innovation 25” project was launched in 2006 to develop a strategic policy roadmap for the next
two decades. Innovation is considered as the driving force for the competitiveness of Japan. The

established policies to achieve innovation include:

1. Using global environmental issues as an engine for economic growth and international
contributions;

Doubling investments for education;

Reforming universities;

Increasing investments in science and technology;

Reviewing regulations and social systems with the aim of promoting innovation; and

o v A W N

Establishing mechanisms within the government to drive Japan as an innovation oriented

nation.

In this context, the government of Japan funds “world class research institutes” and “centres of
excellence”. The establishment of “world class research institutes” was initiated during 2007. Japan’s
Ministry of Education, Science, and Technology (MEXT) is supporting the “World Premier International
Research Centres Initiative” (WPI), which aims to maintain five world-class research institutes with US$4
million to USS$7 million of funding for each institute per year for 10—15 years. MEXT also initiated the
21st Century Centre of Excellence (COE) programme, creating 274 centres between 2002 and 2004 with
funding of about USS1.1 million per year for five years for each project, totalling US$1.5 billion. The
programme is designed to “cultivate a competitive academic environment among Japanese universities
by giving targeted support to the creation of world standard research and education bases.” The budget
for 2007 was approximately US$186.6 million for on-going grants, and the New Global COE programme
starting in 2007 had a budget of US$133.5 million. The Global COE programme is focusing on improving

human capital in a global context.

The second theme is the link between the Japanese government’s science and technology (S&T)
strategic roadmap and the country’s manufacturing competitiveness strategy. Japan has a S&T strategy
that is the driving force across all sectors. Now in the third phase, the Science Basic PIan8 focuses on
research and development (R&D) and new manufacturing processes. The plan is focused around eight

priority areas:

® Government of Japan, (2006) “Science & Technology Basic Plan,” available at ww8.cao.go.jp/cstp/english/
basic/3rd-Basic-Plan-rev.pdf
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e Life sciences;

¢ Information and communication technology;
e Environmental sciences;

¢ Nanotechnology and materials;

o Energy;

e Manufacturing technology;

e Infrastructure; and

e Frontiers (outer space and oceans).

Japan aims to increase its manufacturing competiveness by harnessing the investments in R&D through
aggressive commercialization programmes and by strengthening collaborations and partnerships among
academia, industry, and government. This concept is known as the “Innovation Highway Concept—

Public—Private Sector Collaboration.” Development focus areas Include:

e Rare metal substitution;

e Newly designed airplanes and rockets;
e Next generation robots;

e Nanotechnology basic research;

o Effective Internet search systems;

e Advanced medical technologies; and

. . 9
e Next generation fuel batteries.
These focus areas and strategies are directly linked to the Science Basic Plan.

The third theme, states that the key for innovation will be to develop human resources and people. In
this context, Japan aims to create new all-English universities, such as the one in Okinawa, in order to
foster the kind of international collaboration that will be key to realizing this goal. The doctoral
programme in materials science and engineering at the University of Tsukuba admits approximately

one-half of its students from abroad and seminars are conducted in English.

METI (2006) “White Paper on Manufacturing Competitiveness” Ministry of Economics, Trade, and
Industry, Japan
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It should be mentioned that the government has established the New Energy and Industrial Technology
Development Organisation (NEDO) in order to improve basic research in special fields of interest to
industry. The areas of research that NEDO supports are often related to cutting-edge technology and
scientific research, which are risky projects that industry or universities alone could not afford to
examine. NEDO is currently supporting 18 programmes stemming from eight priority areas (electronics
and information technology; machinery systems technology; aircraft and space technology;
nanotechnology and materials technology; biotechnology and medical technology; chemical substance
management; fuel cell and hydrogen technologies; and new energy, energy conservation and
environment technologies). It appears that the future policy in Japan will be to continue to outsource
“modular,” or more simple products (e.g., refrigerators, TVs, rice cookers etc), and to retain
manufacturing products requiring a sophisticated level of coordination, engineering design, and

technology (e.g., robotics, scientific instruments, autos, machine tools).

Japan has been the leading country in the world in the identification of future technologies since 1970.
Foresight activities have been institutionalized in the National Institute of Science and Technology Policy

— an organisation affiliated with MEXT (Ministry of Education, Culture, Sports, Science and Technology).

The most recent effort is “the 9th Delphi Survey 2010”.10

The aim of the survey was to define “what we should do from now onward” to attain future goals and
resolve the global and national challenges. The effort involved 12 panels which identified 94 areas and

832 topics. The 12 focus areas of the panels appear in Table 2.

Table 2: Foresight: Focus of panels

Viewpoint (defined by each panel) Number
of areas
1 Utilisation of electronics, communication and nanotechnology in a 6
ubiquitous society
2 Information technology including media and contents 12

10 NISTEP (2010) “The 9th Science and Technology Foresight -Contribution of Science and Technology to

Future Society - The 9th Delphi Survey” Science and Technology Foresight Centre National Institute of
Science and Technology Policy; Tokyo
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3 Biotechnology and nanotechnology to contribute to humankind 8

4 Medical technology to contribute to healthy lifestyles of the nation's 5
people using IT, etc.

5 Understanding of dynamics of space, earth, life, and science and 7
technology which expand the region of human activity

6 Promotion of diverse energy technology innovations 13

7 Necessary resources, including water, food, minerals 7

8 Technologies for protecting environment and forming sustainable 10
society

9 Fundamental technologies, including substances, materials, 5
nanosystems, processing, measurement, etc.

10 Manufacturing technologies which totally support development of 8
industry, society and science and technology

11 Strengthening of management led/required by advancement of science 8
and technology

12 Infrastructure technologies supporting daily life base and industrial base 5

TOTAL 94

The areas identified from panel 10: Manufacturing technologies which totally support development of

industry, society, and science and technology are as follows:

Large volume production for small variety of products.

Adaptive production for various items with variable quantity.

On-demand production.

Other production schemes.

Globalization, value-adding and market creation.

Energy, resources and environment.

Unpopularity of science and engineering, human resource problem, the declining birth rate and
aging population.

H. Safety and security.

GmMmMmoOw»

The top topics identified by the survey in each area appear below (the figure after each topic indicates

the percentage of votes received by the topic).

A: Large volume production for small variety of products

Product and material manufacturing technology for safe, clean and energy-efficient mass production

using knowledge of the mechanism of nature and organisms 79%

A failure tracking system that embeds an IC chip in each part of the manufactured product to identify its
history information including the manufacturer, materials, parts, changes in function and characteristics,

users, etc) 65%.
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B: Adaptive production for various items with variable quantity

Ultra-large storage memory of 1PB (peta byte) or more capacity, including atomic memory, molecular
memory, and self-organising memory, that is beyond the concept of the conventional semiconductor

device (i.e. flash memory) 77%.

Nano- and micro-sized plasma technology for high temperature and high density, whose controllability

is better than large-scale thermal fusion reactors such as the ITER 73%

C: On-demand production

Product and device technology for extra-long-term use (including recycling) based on comprehensive
and long-term continuous recording and storage of information related to the history of products,

including the initial design, the reliability evaluation and the maintenance records 75%.

Micro chemistry process for on-site production of drugs cosmetics and medium-activity material whose

activity deteriorates quickly (including measures to relax laws) 58%.

D: Other production schemes

A mathematical modelling framework and corresponding optimisation methodology that support the
embodiment process according to the scheme and scenario related to various design methodology (it is
important to mainly aim the design optimization at the system level and to establish a practical
framework that can optimize the design of a system including a large-scale and complicated

combination of elements) 64%.

Next-generation system engineering for the "System of Systems" (the advanced system coupling various
systems including hierarchy and mutual dependency in wider areas, which surpasses the target level of

conventional system engineering) 60%

E: Globalisation, value-adding and market creation

Membrane processing and formation technology that can maintain biocompatibility for 10 years or

more within an implanted device 84%
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Measurement technology concerning cumulative exposure to nano particles, to estimate the amounts of

inhalation and skin absorption when people spend time in an environment including nano particles 84%

F: Energy, resources and environment

Comprehensive and objective evaluation indices that replace CO, as an indicator for the environmental
load of energy and resource consumption, production processes (plants) and products, and

measurement techniques for such indices 91%.

A recycling production system unifying the processes of the "input of resource - design and production

-> use - disposition" and the "collection = separation = resource recycling" 79%

G: Unpopularity of science and engineering, human resource problem, the declining birth rate and aging

population

An intelligent system and robot enabling remote control, semi-autonomous, or automation of safe,
efficient and low cost outdoor work on behalf of human beings, aiming to minimize harm to humans due
to natural and human-caused disasters, or during inspections in danger zones and repair work for

infrastructure that are deteriorated or damaged by a natural disaster 60%

H: Safety and security

An automatic content monitoring system (including adult verification system) aiming to enable minors

to use the Internet safely 74%.

Virtual plant-operation support system that visualizes the inside condition of a reactor and the future

deteriorated condition of the plant 65%.
2.3 European Commission

The Framework Programmes (FP) are the European Union’s main instrument for funding research. These
multi-annual programmes have been implemented since 1984. The current Framework Programme,
FP7, runs until the end of 2013. In FP7, the Commission keeps as a main instrument the transnational
collaborative projects and networks which typically involve public research and industry. However, it
also established a number of new efforts to increase the relevance of FP7 for industry. In particular the

Commission set up long-term public-private partnerships, called “Joint Technology Initiatives” (JTI) in
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areas where existing schemes are inadequate in view of the scope of research and the scale of material

and human resources required.

The JTI are managed by dedicated structures which are independent legal entities. JTls have a dedicated
budget and staff and provide a framework for the public and private players to work and take decisions
together. They organise calls for proposals, oversee selection procedures and put in place contractual
arrangements for projects set up to implement the JTI research agenda. Hence, they allow funds from
different sources to be jointly managed and they are responsible for the related communication and

dissemination activities.

The identification criteria for JTIs are as follows:

o Inability of existing instruments to achieve the objective;

e Scale of the impact on industrial competitiveness and growth;

e Added value of European-level intervention;

e Degree and clarity of definition of the objective and deliverables to be pursued;

e Strength of the financial and resource commitment from industry;

e Importance of the contribution to broader policy objectives including benefit to society; and

e Capacity to attract additional national support and leverage current and future industry funding.

In the above context the EU has set up the following six initiatives:

Innovative Medicines Initiative (IMI).

Embedded Computing Systems (ARTEMIS).

Aeronautics and Air Transport (Clean Sky).
Nano-electronics Technologies 2020 (ENIAC).

Hydrogen and Fuel Cells Initiative (FCH).

Global Monitoring for Environment and Security (GMES).

ounkwNeE

During 2009 the Commission identified a set of key enabling technologies (KET) that could strengthen

the EU’s industrial and innovation capacity to address the societal challenges ahead and proposed a set

of measures to improve the related framework conditions. As such, the document COM (2009)11 forms
part of the development of EU industrial policy and of the preparation for the new European plans for

innovation. The identified technologies are:

e Nanotechnology;
e  Micro-nano-electronics;

1 COM (2009) “Preparing for our future: Developing a common strategy for key enabling technologies in the

EU.” European Commission, Brussels.
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e Advanced materials;

e Photonics;

e Industrial biotechnology; and

e Advanced manufacturing systems.

The Commission identified that "KETs are knowledge and capital-intensive technologies associated with
high R&D intensity, rapid and integrated innovation cycles, high capital expenditure and highly-skilled
employment. Their influence is pervasive, enabling process, product and service innovation throughout
the economy. They are of systemic relevance, multidisciplinary and trans-sectorial, cutting across many
technology areas with a trend towards convergence, technology integration and the potential to induce

structural change”.

The commission further identified the global market potentials of the identified technologies (Table 3).

Table 3: Global market potential for key enabling technologies

Current market size  Expected size in 2015 Expected compound

(~2006/08) bn USD (~2012/15) bn USD annual growth rate

(%)
Nanotechnology 12 27 16
Micro and nanoelectronics 250 300 13
Industrial biotechnology 90 125 6
Photonics 230 480 8
Advanced materials 100 150 6
Advanced manufacturing 150 200 5
systems
Total 832 1282

The Communication set up a high level expert group tasked with developing a shared longer term

strategy and action plan on the identified