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This book does not intend to provide a review of technical
capabilities. Instead it provides a review of those areas that ensure
sustainable development of nanotechnology and industry leadership in
the thirteen economies in the Asia Pacific region, focusing on
government policy and strategy, funding commitment and infrastructure,
R&D and commercialization, education and outreach, standardization
and risk management.

2. Public Investments

There have been significant changes in the policy of science and
technology in AP countries since the announcement of the US NNL
Governments in the AP region started to place nanotechnology as one of
the priority areas in their science and technology (S&T) policy and
planned dedicated national nanotechnology programs. The NNI was very
timely as Japan and China were in the midst of planning their second
Science and Technology Basic Plan and tenth Five Year Plan
respectively. US government funding in nanotechnology has reached
about USD 1.5 billion in 2009°, more than ten times the amount in 1997°,
This order of magnitude of increase in government funding is typical in
economies in Asia, Europe and other part of the world in the last ten
years.

Japan was the first in the world to start a major ten year
nanotechnology program (the Atom Technology Program) in 1992 with
the amount of about USD250 million, and was the largest government
investor in nanotechnology R&D until 2003. Japan’s nanotechnology
development is on par with other world leaders such as the USA and
Germany. Figure 2 shows the nanotechnology government funding
comparison for Japan, USA, and Germany during 2001-8. Japan started
the Nanotechnology and Materials Program (NMP) in 2001 when its
second Basic S&T Plan began and nanotechnology was identified as one
of the four priority areas (including life science, information technology,
environment and nanotechnology). There was a drop in the funding in
Japan from 2006 due to a new definition of nanotechnology which
excluded some of the university programs’. The Japanese government
has been investing heavily in nanotechnology and its funding per capita
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is the highest among the world’s top three nanotechnology players.
Figure 3 shows the comparison in nanotechnology public investment per
capita among Germany, Japan and USA during the period 2001-2008.
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Fig. 2. Nanotechnology Government Funding Comparison among the Three Largest
Economies during 2001-8.
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Fig. 3. Nanotechnology Government Funding Per Capita Comparison among the Three
Largest Economies during 2001-8.
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South Korea started its National Nanotechnology Initiative (KNNI) in
2001 committed 2.391 trillion won (USD?2 billion) over the period 2001-
10. After Phase 1 (2001-5) of the KNNI, the South Korean government
re-launched Phase Two which will continue until 2015. South Korea
aims to join the world top three nations in global nanotechnology
competitiveness by 2015.

Taiwan is another ambitious player. It launched its first phase of the
Taiwanese National Nanotechnology Program (NNP) in 2003 with a
total budget of about USD550 million over six years. The second phase
of the Taiwanese NNP started in 2009 and continues until 2014 with
an allocation of over USD685 million. The aggressive building of
infrastructure has been reflected in the launch of major nanotechnology
infrastructure building programs for South Korea and Taiwan in 2002
and 2003 respectively.

The world’s most populated country China spent RMB 2 to 2.5
billion (USD250-300 million) in the last Five-Year Plan (2001-5) which
is a ten fold increase from the 1990s. China’s R&D expenditure is
reaching 2% GDP in the current eleven Five-Year Plan (2006-10) which
is double of that in the previous Five-Year Plan. Nanotechnology is one
of the four main basic science research areas which include protein
research, quantum manipulation research, and growth and reproduction
research.

One of the fastest growing economies, India launched a special Nano
Science and Technology Initiative (NSTI) in October 2001 by the
Department of Science and Technology (DST) and subsequently the
Mission on Nano Science and Technology (Nano Mission) was launched
in mid 2007 with an allocation of USD250 million for five years
focusing on basic research, infrastructure development, commercialization,
education, and international collaboration.

New Zealand’s nanotechnology initiative is led by the MacDiarmid
Institute for Advanced Materials and Nanotechnology which was granted
NZD4.7 million per year over six years from 2001 plus a capital start-up
grant of NZD10 million. The institute is joined by the major research
institutions in New Zealand and comprises over forty principal
investigators, thirty postdoctoral fellows, eighty PhD and twenty Master
students.
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In Australia in 2002, the Victoria State Government, with three major
state universities including Monash University, Swinburne University of
Technology and RMIT University, launched an AUDI12 million
Nanotechnology Victoria initiative (NanoVic). The Australian National
Nanotechnology Strategy (NNS) was announced in May 2007 with AUD
21.5 million over four years aiming to focus on initiatives including
health, safety and environment, public awareness and engagement,
measurement, international engagement and industry activities. The
Australian Office of Nanotechnology (AON), based at the Department
of Innovation, Industry, Science and Research (DIISR), coordinates the
implementation of the NNS.

The Hong Kong Innovation and Technology Commission (ITC)
launched two strategic nanotechnology centers in 2003. One is the
Institute of NanoMaterials and nanotechnology (INMT) located at the
Hong Kong University of Science and Technology (HKUST) and
was funded with HKD100 million for four years. The other is the
Nanotechnology Center for Functional and Intelligent Textiles and
Apparel (NTC) at the Hong Kong Polytechnic University (PolyU) with a
total budget of HKD14.7 million for three years. In December 2004, ITC
further announced a more aggressive R&D initiative by setting up four
strategic R&D centers with nanotechnology selected as one of the
focused areas. The Nanotechnology and Advanced Materials Institute
(NAMI) was set up in 2006 with a total funding of HKD 400 million for
five years. NAMI serves as an open R&D platform for Hong Kong in
conducting coordinated and market-driven and demand-led nanotechnology
and advanced materials development.

City state Singapore’s nanotechnology strategy is led by the
Economic Development Board (EDB) in coordination with other sister
funding agencies such as the Agency for Science, Technology and
Research (A*STAR) and universities. In 2002 the National University of
Singapore (NUS) started its nanotechnology initiative called NUS
Nanotechnology Science and Nanotechnology Initiative (NUSNNI)
aimed at developing research, human capital and long term research
capabilities. NUSNNI serves as a platform to coordinate interdisciplinary
research activities and set research strategies. The Nanyang Technological
University (NTU) started its nanotechnology initiative in 2005 called
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Nanocluster which is a network of scientists and facilities to support
nano-fabrication, characterization and exploitation of nanotechnology
applications. A*STAR started in 2006 Polymer & Molecular Electronics
program involving both NTU and NUS in addition to A*STAR research
institutes.

Thailand leads the ASEAN countries in setting its National
Nanotechnology Center (NANOTEC) in August 2003 committing
USD25 million over 2004-8 from the National Science and Technology
Development Agency (NSTDA).

The Vietnamese Ministry of Science and Technology launched its
national nanotechnology program in December 2003, focusing on
building world class research institutions, education and infrastructure as
well as strategic research areas.

The Malaysian National Nanotechnology Initiative (NNIM) was
officially launched in September 2006 by the then Deputy Prime
Minister (who became the Prime Minister in April 2009), with a budget
of MYR20 million approved by the cabinet. Malaysia is in the process of
setting up its National Nanotechnology Center (NNC).

The world’s fourth most populated country, Indonesia, is in the
process of setting up its nanotechnology strategy. The Indonesia
Society for Nanotechnology just finished the Indonesia nanotechnology
recommendation and roadmap for the government. The Indonesian
Government plans to launch its nanotechnology program in 2009.

Figure 4 shows the comparison of government funding among the
thirteen economies during the years 2003-7. The sum of funding in
the thirteen economies amounts to USD7480 million, comparable to that
of the entire European Union. Figure 5 shows the comparison in
government funding between the Asia Pacific region, the European
Union and the USA during the period 2003-7.
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Fig. 4. Comparison of nanotechnology government funding for 2003-7 in logarithmic
scale (in million USD) among Asia Pacific economies including Australia, China, Hong
Kong, India, Indonesia, Japan, Korea (South), Malaysia, New Zealand, Singapore,
Taiwan, Thailand and Vietnam.
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3. Infrastructure

Japan started to construct comprehensive R&D infrastructure, especially
to facilitate collaboration between private and public sector in 1996 when
the Japanese first Science and Technology Basic Plan was launched.
Dedicated R&D infrastructure for nanotechnology was set up during the
second S&T Basic Plan started in 2001 where nanotechnology is
identified as a priority area inspired by the US NNI. The Nanotechnology
Researchers Network Center of Japan (Nanonet) was set up to provide
coordinated facilities and information services and to promote
collaboration between researchers domestically and internationally. In
the third S&T Basic Plan started in 2006, the Nanonet was expanded,
with stronger industry partnership focus, covering 13 centers of
excellence consisting of 26 research institutions across Japan. The
Japanese Ministry of Economy, Trade and Industry (METI) together with
major industry conglomerates launched the Nanotechnology Business
Creation Initiative (NBCI) in 2003 and current with over 300 industry
and research institution members. Chapter 6, Sections 8 and 9 describe
more details of Japan nanotechnology infrastructures and networks.

South Korea and Taiwan have similar structures and goals in their
national nanotechnology initiatives emulating the US NNI especially its
interagency coordination. Phase One of both economies’ nanotechnology
initiatives has the common focus of building infrastructure and strategic
R&D; while Phase Two will be focusing on accelerating commercialization
and creating economic impact.

During Phase One (2001-5) of the KNNI, South Korean has built
world class integrated infrastructure for nanotechnology R&D and
commercialization especially to promote collaboration among academia,
national institutions and industry domestically and internationally. The
most notable world class facilities are the National NanoFab Center
(NNFC) and Korea Advanced NanoFab Center (KANC). Korea has also
established well-organized researchers and business network such as
Korean Nanotechnology Researchers Society (KoNTRS) and Korean
Nanotechnology Research Association (NTRA). Similarly, the first
phase of Taiwan’s NNP have also built a major industrial common
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laboratory located at the Industrial Technology Research Institute (ITRI)
and nine other academia core facilities centers across Taiwan. For details
of infrastructure and network, please refer to Chapter 7, Section 3.5, and
Chapter 11, Section 2.3.

ASEAN and other developing economies including China and India
have been especially active in building R&D infrastructures. Thailand
government launched its national nanotech center (NANOTEC) in
August 2003. One of the key mandates for this center is to establish
world class infrastructures which include central core facilities in the
NANOTEC Central Research Laboratory, National Network of Centers
of Excellence in nanotechnology at eight universities and a network of
eight university based centers with focus on textile and cosmeceuticals
across Thailand. Most recently a new beam line was installed for
nanotechnology R&D at the National Synchrotron Institute. Chapter 12,
Sections 3.3 and 3.4 outline more details of Thailand key infrastructure
build-up. Vietnam started its nanotechnology infrastructure upgrade
program in 2003. See Chapter 13, Section 3 for details. Malaysia
and Indonesia both have set up nanotechnology research center of
excellence. There are four main recognized nanotechnology research
center in Malaysia focusing on zeolites and nanostructured materials,
nanoelectronics, advanced materials, catalysts and basic science research
with state of the art facilities for characterization, fabrication and
processing equipments. Indonesia has budgeted the building of a major
nanotechnology infrastructure at Bandung Institute of Technology in
2009 with USD20 million investments. Chapter 5, Section 3 has more
information on Indonesia nanotechnology infrastructure.

In 2003, China launched the initiative of building major
nanotechnology infrastructure including the National Center for
Nanoscience and Technology (NCNST) located in Beijing and the
National Engineering Research Center for Nanotechnology (NERCN)
located in Shanghai. The NCNST is growing steadily, recruiting overseas
Chinese scientists and now with a total of fifty full time faculties
supervising a hundred and fifty graduate students plus another a hundred
and fifty students from other research institutions who are conducting
joint research projects with NCNST. The NCNST provides and manages
the national characterization facility and also runs the Key Center for
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Biomedical Effects of Nanomaterials and Nanosafety for the Chinese
Academy of Sciences (CAS). On the other hand, the NERCN based in
Shanghai is currently not in operation. The Shanghai’s nanotechnology
infrastructure is being coordinated by the Shanghai Nanotechnology
Promotion Center (SNPC)® which provides not only information,
networking, training platform, project funding, but also nanomaterials
testing facilities. The national nanotech centers building in 2003 was
driven by the National Development and Reform Commission (NDRC)
and managed by the Chinese Academy of Sciences (CAS) and Ministry
of Science and Technology (MOST). Chapter 2, Section 3 describes
more about China nanotechnology infrastructures and key research
centers.

Infrastructure development for nano science and technology research
is one of the four primary objectives of the India Nano-Mission launched
in 2007. There are eleven centers with state of the art R&D facilities
across India plus the Center for Computational Materials Science in
Bangalore. Chapter 4, Section 2 outlines more details about those centers.

Singapore, the smallest country in the region is well known for its
world-class infrastructure for nanotechnology research and development.
Singapore’s main government research institution A*STAR set up the
Science Engineering Research Council (SERC) Nanofabrication and
Characterization Facility (SNFC) which serves as a central facility and
open to Singapore universities, research institutions, industry as well as
international collaborators. In addition, the National University of
Singapore (NUS) and Nanyang Technological University (NTU) set up
their own coordinated nanotech central facilities under the NUS
Nanoscience and Nanotechnology Initiative (NUSNNI) and NTU
Nanocluster respectively. Chapter 10, Section 2.1 provides more details.

Australia launched the National Collaborative Research Infrastructure
Strategy (NCRIS) in 2005 and allocated AUDS550 million to major
research infrastructure projects during 2005-11. The total nanotech
facilities investment is estimated to be over AUD100 million. Chapter 1,
Section 2.3 outlines more about this infrastructure initiative. The
MacDiarmid Institute in New Zealand received total of NZD20 million
in 2002 and 2007 as capital equipment investment from the government.
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Chapter 9, Section 4 describes more details about the institute’s capital
equipment capacity.

For locations of the main nanotechnology facilities and key research
centers of the thirteen economies reviewed in this book, please refer to
Fig. 6.

4. R&D and Commercialization

The Asia Pacific (AP) region is advancing to becoming one of the most
ambitious and dynamic regions of the world in nanotechnology research
and development and commercialization. Japan has already been
successful as a world leader in electronics, advanced materials, and
precision machines manufacturing. Japan is by far ahead of all other
economies in the region in R&D advancement of almost every area and
application of nanotechnology. Nanotechnology is considered as a key
technology in the 21* century that innovates manufacturing and drives
the growth of industries such as electronics, energy, environment, and
biotechnology. Notably Japan nanotechnology is already in the market
sectors including consumer electronics (FPD, cell phone, digital camera,
digital camcorder, and DVD recorder, DRAM, flash memories);
water/stain repellent and wrinkle- and shrinkage-free textile; water-
resistant foundation cosmetics; DNA chip for analyzing genes;
anticancer drug delivery; thin film solar cells; fuel cells; and device
manufacturing with finer circuit width. Details of Japan nanotechnology
commercialization are outlined in Chapter 6, Part II.

Since 2001 when the South Korea started its National
Nanotechnology Initiative, it has made quantum leap in its R&D and
commercialization advancement. Three major strategic nanotechnology
programs were set up, namely National Program for Tera-Level Nano
Devices, the Center for Nanostructured Materials Project and the Center
for Nanoscale Mechatronics and Manufacturing. See Chapter 7, Section
4 for more information about these programs. There had been more than
three times increase in nanotechnology related Science Citation Index
(SCI) publication during 2001-6 and nanotechnology related patent
application filed during 2001-5 by South Korea. The major Korean
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electronic conglomerates dominate the nanoelectronics product market.
Samsung Electronics developed the world first 30 nanometer 64 gigabit
NAND flash memory. A number of innovative nanotech products are
produced by Korea SMEs and start ups including conductive nanosilver
ink; antibacterial powders; antiglare coating; color film with nanolayered
structure; Carbon Nanotubes (CNT) transparent conductive film; and
pharmaceutical products for atopic dermatitis using nano-hybrid
technology. South Korea was ranked fourth in nanotechnology
competitiveness in 2005. In KNNI Phase Two, Korea is aggressively
pursuing commercialization of nanotechnology and international
cooperation. See Chapter 7, Section 5 for details of the Korean
commercialization highlights.

Taiwan is another bright spot in terms of research and
commercialization. Its R&D and commercialization activities in
nanotechnology are mainly funded by the government National
Nanotechnology Program (NNP). Two thirds of the NNP budget in both
Phase One and Two go to industrialization of nanotechnology projects.
Two thirds of Taiwan nanotechnology companies are in the traditional
industry business’. Taiwan nanotechnology related publication during
2003-7 tripled. Nanotechnology innovative products developed by
Industry Technology Research Institute (ITRI) include light, thin and
flexible seven inch active matrix TFT-LCD panel and electrets-based
flexible speaker. Highlights of Taiwan R&D and commercialization are
elaborated in Chapter 11, Section 2.5.

China is known for its excellence in nanoscience research. The
Chinese Academy of Sciences (CAS) was ranked fourth by total citation
in the Topical Citation Report: Nanotechnology during the period of
1992-2002 (behind University of California, Berkeley, IBM and MIT)".
Commercialization of nanotechnology in China is still in its infancy. The
Micro-Electro-Mechanical System (MEMS) technology is relatively
mature and there are over thirty MEMS companies in China today active
in MEMS device design, fabrication and foundry services. China Micro-
Nano technology R&D and commercialization highlights are shown in
Chapter 2, Sections 6 and 7.

Australia stands out in its world class research especially in
controlled fabrication of silicon based transistor with nano to atomic
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scale precision. There are about eighty nanotechnology companies in
Australia according to Australian NanoBusiness Forum (ANBF)".
Australia nanotechnology products include sunscreen lotion using
nanoparticles, supercapacitor using nanostructured materials, bionic ear
implants using biocompatible nanomaterials, and drug delivery
technology using nanostructured silicon. See Chapter 1, Sections 3 and 4
for more information.

New Zealand is proud to excel in research areas such as
nanofabrication and devices, electronics and optical materials,
molecular materials, soft materials, inorganic hybrid materials and
fusion of nanoscience and biology. In terms of application and
commercialization, the MacDiarmid Institute of for Advanced Materials
and Nanotechnology shows its strength in biochip for cell imaging;
atomic cluster based sensors and interconnects; optoelectronic materials
growth (producing world record ZnO diode); and nanoparticles for
diagnostics and drug delivery applications. See Chapter 9, Section 3 for
details about its research efforts.

Hong Kong nanotechnology places strong focus on commercialization
especially in environment; energy; displays and electronic packaging;
composites materials; advanced manufacturing; and textiles. Chapter 3,
Section 3 provides a summary of the commercialization efforts in
Hong Kong.

Singapore intends to build a comprehensive nanotechnology
ecosystem to promote nanotechnology application development and the
growth of nanotechnology industries. Singapore Economic Development
Board (EDB) is the key driver for the nanotechnology strategy in
Singapore. Singapore’s nanotechnology R&D and commercialization
focuses on nano-enabled urban solution (such as cleantech),
nanotoxicology, consumer and healthcares. Singapore is the most foreign
friendly economy in the region and the government is aggressively
attracting multinational corporations and foreign start ups to set up
R&D and manufacturing centers in Singapore. Especially since
2008, funding agencies including the National Research Foundation
and SPRING launched new funding schemes to stimulate innovation,
commercialization and application R&D. The areas of focus in
nanotechnology application include biomedical, clean energy,
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environment and water, and electronics. Each of the areas involve world
class R&D infrastructure, researchers, multinationals and start-ups.
Details of government grant schemes are available at Chapter 10, Section
1.3, and overview of nanotechnology in Singapore is at Section 2.

India Nano-Mission established seven strategic Centers for
Nanotechnology focusing R&D on nanopowders/nanoparticles,
nanophosphor materials, drug delivery system, biosensors and
nanoeletronics. Nanotechnology application stresses on agriculture and
food systems, drinking water, automobiles, energy, biomedical devices,
and metrology. More details are in Chapter 4, Section 3.

Thailand has its own priority in food, cosmeceuticals, textile; flexible
polymer solar cells, DDS, and sensors for scents.

Vietnam stands out its application R&D in CNT based
nanocomposites, CNT based metallic coating and electromagnetic
shielding and conductive paint.

Malaysia places its research focus on nanoparticles, CNT, dendrimers,
aerogel, OLED, quantum dot, nanomagnetics, single electron transistor,
and DDS. Malaysia nanotechnology companies are developing CNT
nanocomposites, biosensors, nanocatalysts, and biofertilizers,

Indonesia’s research institutions focus its R&D areas in
nanostructures, nano-encapsulation, Ag nanoparticles, nanocomposites,
and nanocarbon. It envisions its nanotechnology commercialization
priority should be nanomaterials manufacturing, processing and product
development.

For more information and details about the R&D and commercialization
efforts, please read the respective chapters.

5. Nanotechnology Network

The notable regional network is the Asia Nano Forum (ANF) which was
founded in May 2004 at its first summit meeting in Phuket co-organized
by Thailand and Japan. ANF expanded its network from 11 to 13 in 2005
adding Indonesia and New Zealand, and UAE joined as the 14" network
economy in 2008. In 2009, Russia and Iran showed strong interest of
becoming a member. ANF’s mission is to promote the research and
development and industrialization in nanotechnology that educationally,
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socially, environmentally and economically benefit each economy by
fostering the international network and collaboration. ANF was officially
registered as a society in Singapore October 2007 and its secretariat is
currently being hosted by Institute of Materials and Engineering (IMRE)
in Singapore. ANF has had five summit meetings so far hosted by its
member economies during 2004-8 where nanotechnology leaders and
movers from the invited economies gathered to review nanotechnology
development in each participating economy and plan for future
collaborations. You may find details of those meetings at the ANF
website'”. The ANF is now a network of fourteen economies in the Asia
Pacific region including Australia, China, Hong Kong, India, Indonesia,
Japan, Korea, Malaysia, New Zealand, Singapore, Taiwan, Thailand,
Vietnam and United Arab Emirates. The thirteen chapters in this book
are contributed by the nanotechnology leaders of each economy. Table 1
shows the ANF member organizations and their websites.

For more details about networks in each economies, please refer to
each chapter in this book. In addition to the ANF member organizations,
the nanotechnology research and industry networks across ANF
economies are summarized below:

e Australia - Australian Nano Business Forum (ANBF) and Australia
Research Council Nanotechnology Network (ARCNN)

¢ China - Chinese Society of Micro-Nano Technology (CSMNT)

e Hong Kong - Nanotechnology and Advanced Materials Institute
(NAMI)

¢ Indonesia - Indonesian Society for Nanotechnology(MNI)

e Japan - Nano Business Creation Initiative (NBCI) and
Nanotechnology Researchers Network Center of Japan (Nanonet)

e Korea - Korea Nano Technology Research Society (KoNTRS),
Korea Nanotechnology Research Association (NTRA)

e Malaysia - National Nanotechnology Center (NNRC), Malaysian
Nanotechnology Association (MNA)

e New Zealand - MacDiarmid Institute for Advanced Materials and
Nanotechnology (MIAMN)
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Table 1. Summary of Asia Nano Forum Network Organizations and Websites

Economy

Network

Network Website

Australia

China

Hong Kong

India

Indonesia

Korea

Japan

Malaysia

New
Zealand

Singapore

Taiwan

Australia Nano Business
Forum and Australia
Research Council
Nanotechnology Network

National Center for Nano
Science and Technology
(NCNST)

Hong Kong University of
Science and Technology
(HKUST)

Nano Mission, Department
of Science and Technology;
International Advanced
Research Center for
Powder Metallurgy and
New Materials (ARCI)

Indonesian Society for
Nanotechnology (MNI)

Korea Nanotechnology
Researchers Society
(KoNTRS)

Nanotechnology Research
Institute (NRI), NanoNet

Academia Science of
Malaysia, National
Nanotechnology Center
(NNC)

MacDiarmid Institute for
Advanced Materials and
Nanotechnology

Institute of Materials
Research and Engineering
(IMRE)

National Nanotechnology
Program (NNP)

www.anbf.com.au, www.ausnano.net

www.nanoctr.cn

www.ust.hk/~inmt, www.nami.org.hk

www.dst.gov.in, www.arci.res.in

www.nano-indonesia.org

www.kontrs.or.kr

unit.aist.go.jp/nanotech/index_j.html,
nanonet.mext.go.jp

akademisains.gov.my

www.macdiarmid.ac.nz

www.imre-astar.edu.sg

nano-taiwan.sinica.edu.tw
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Table 1 (continued)

Economy Network Network Website
Thailand National Nanotechnology www.nanotec.or.th/index/php
Center NANOTEC)
Vietnam Institute of Materials ims.vast.ac.vn
Science (IMS)
UAE Khalifa University of www.kustar.ac.ae
Science, Technology and
Research

® Singapore - Singapore Nanotechnology Network (SingNano)

e Taiwan - Nanotechnology Industry Development Association
(TANIDA)

e Thailand - National Nanotechnology Center (NANOTEC)

® Vietnam - Institute of Materials Science, Vietnam Academy of
Science and Technology (IMS, VAST)

e United Arab Emirates - Khalifa University of Science, Technology
and Research (KUSTAR)

6. Education and Outreach

Taiwan stands out in terms of promoting nanotechnology education. A
dedicated education program was included in the Taiwan national
nanotechnology  program to promote life-long learning of
nanotechnology, provide higher quality professional education, K-12
education, and to enhance public awareness of nanotechnology. The
most notable education materials include Nanotechnology Symphony
book used for chemistry, physics and biology education for high school
students; the Nano BlasterMan, a 3D comic book created for elementary
and middle-school students; and an animated cartoon video Nana and
Nono created to help educate younger children. The Taiwan
nanotechnology education has inspired the Asia Nano Forum network
economies to adopt their education approach and materials in their own
nanotechnology education programs. The program has established five
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regional training centers to train students, school teachers, and
professionals across Taiwan. See Chapter 11, Section 2.4 for more
details about Taiwan education efforts in nanotechnology.

China is proud to lead education and promote innovation of
Nano/Micro technologies among university students across China. The
Chinese Society of Micro-Nano Technology (CSMNT) was formed in
April 2005 followed by the establishment of an international network
called Chinese International Nano Electrical and Mechanical System
Network (CINN) in 2006. The CINN launched the first MEMSIC Cup in
Spring 2007 which motivated university students in creating innovative
Micro/Nano Electrical and Mechanical System (M/NEMS) devices and
applications. This contest has attracted great support not only from
students but also MEMS industry in China. It recently expanded to
International Contest of Application in Nano/Micro Technologies
(ACAN). iCAN2009 to be held during January 20-23, 2010. More details
about Chinese efforts in Nanotechnology education are at Chapter 2,
Section 2.

Korea launched its National Nanotechnology Roadmap in March
2008 with strong focus on long term application development and
nurture of scientists.

Japanese media has been actively covering nanotechnology
since 2000. The first nanotechnology internet based business magazine
called Nikkei Nanotechnology, whose editor-in-chief is Mr Takashi
Kurokawa, was launched in November 2001 within Nikkei BP (a
prestigious Japanese industry and business publication). Co-currently
Nikkei launched another nanotechnology business magazine called
“Nikkei Sentan Gijutsu” in November 2001 which was renamed Nikkei
Nanobusiness in November 2004 featuring exciting nanotechnology
application and products consisting various interviews of
nanotechnology scientists, engineers, industrialists in Japan and overseas.
This magazine featured articles contributed by Japanese and overseas
nanotechnology expert on government policy, academia and industry
R&D and commercialization, corporate press releases, patent and market
trends. Although the two publications were both terminated in 2005 and
2006 respectively, Mr Takashi Kurokawa is currently in charge of
nanotechnology and advanced materials in Nikkei newspaper (the most
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dominant newspaper in Japan). Japanese public are the most
knowledgeable of nanotechnology and its fascinating future
opportunities in manufacturing, economy and quality of life thanks to the
active media efforts.

Japan took the leadership of hosting the Asia Nano Forum during
2004-7 until its official Secretariat was set up in Singapore October 2007.
Dr Hiroshi Yokoyama and Dr Kazunobu Tanaka have been the key
drivers of Japan’s efforts in international collaboration and network
building. Dr Yokoyama heads the ANF Human Resource Working
Group and initiated the first Asia Nano Camp 2008 held in Japan brought
together 35 top young PhD students and researchers below 30 years old
selected from the ANF network economies during 4-21 February 2008.
This nanotechnology camp was the event to educate and promote the
advancement of nanotechnology and provided a precious opportunity for
young scientists from the Asia Pacific region to build friendships. The
camp was co-organized by Japan National Institute of Advanced
Industrial Science and Technology, National Institute of Materials
Science and Tokyo Institute of Technology.

Japan has been the host for the world’s largest nanotechnology annual
trade show Japan nano tech 200X since 2002 where over 47,000 visitors
participated and 600 companies and organizations exhibited from 20
countries at their latest show nanotech 2009". Mr Takahiro Matsui,
Secretary General of the Japan nanotech executive committee, initiated
and founded this exceptionally successful nanotechnology event.
Inspired by this success, Korea started the NanoKorea in 2003.
Subsequently, Hong Kong and Taiwan organized their first
nanotechnology industry conference and exhibition in 2004. And China
started ChinaNano2005 in June 2005 mainly a research conference.

The developing economies such as India, Indonesia, Malaysia,
Thailand and Vietnam placed education as a top priority in their
nanotechnology and science and technology strategy. Most economies in
the Asia Pacific region have set up nanotechnology courses in the MSc
and PhD programs at their universities. An interesting trend happening
recently is the return of the young generation of overseas educated
scientists to their home countries taking up faculty position and program
management at research institutions and government funding agencies.
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This phenomenon is happening in China, Korea, and Taiwan as well as
in the ASEAN countries. For example, the National Center for
Nanoscience and Technology of China consistents of 80% “HaiGui”
(overseas returned) scientists aged between 30-40 years old. Singapore
universities and research institutions are aggressively recruiting renown
scientists worldwide both full time and part-time to lead their R&D
efforts, and government funding agencies are appointing experienced
industry experts to join their advisory boards and funding scheme
evaluation panels. The ANF is playing a pivotal role in education in the
region through its Education Working Group led by Taiwan and the
Human Resource Development Working Group led by Japan. Asia Nano
Camp has been experienced to be an excellent platform for the young
scientists to learn the international development of nanotechnology and
build collaborations at early age.

7. Standardization and Risk Management Efforts

As nanotechnology commercialization accelerates, it has become
increasingly important to consider standardization and risk management
of nanotechnology products. With no surprise, Japan is the first country
in Asia started the societal implication of nanotechnology initiative in
August 2004 through an open forum called “Nanotechnology and
Society” inspired by the First International Dialogue on Responsible
Research and Development of Nanotechnology organized by the USA
government June 2004. This open forum became the driving force for
both domestic stakeholders and international collaboration in pushing
forward nanotechnology risk management, standardization and public
acceptance. It stimulated the unique cross ministerial initiative to address
the societal implications of nanotechnology in Japan. The outcome of
this open forum has led to the inclusion of responsible R&D of
nanotechnology as a priority research topic in the recent third Japanese
Science and Technology Basic Plan.

Japan is an active member of International Organization for
Standardization (ISO) and International Electrotechnical Commission
(IEC). Japan provides recommendations and actively involved in
nanotechnology standards in nanotechnology technical committee
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ISO/TC229 (Nanotechnology) and IEC/TC113 (Nanotechnology
standardization for electrical and electronics products and systems).
Japan nanotechnology business network NBCI coordinates and facilitates
the development of nanotechnology industrial standards together with
their over 300 industry members in Japan. Internationally, Japan works
closely with USA, Europe and Asia in standardization and risk
management. In particular, Japan is a founding member of the ANF
which serves as a platform for regional collaboration in different aspects
of nanotechnology including standardization and risk management,
infrastructure and resources, education and strategic development.
Japan’s effort in societal implication of nanotechnology implies Japanese
nanotechnology industry leadership and commitment for sustainable
development of nanotechnology. More details about Japan efforts in
societal implication of nanotechnology are outlined in Chapter 6 Part 1
Sections 3-7.

Korea released its Nanotechnology Standardization Development
Roadmap in October 2007 to ensure standards are incorporated even at
initial R&D stage and to secure Korea nanotechnology product market
share through collaborating with international standards.

Taiwan is a liaison member representing ANF at ISO/TC229 and
IEC/TC113. Taiwan pioneered nanotechnology product regulation by
setting up nanoMark System. In order to assess risk and systematically
manage nanotechnology products in the market, to enhance public trust
in nanotechnology development, and protect consumers, Taiwan
government set up the nanoMark certification mechanism and guidelines
for nanotechnology products. In the Phase 2 of National Nanotechnology
Program starting in 2009, it allocated 9% of the total program budget,
about USD60 million to tackle health and risk issues. Taiwan has formed
the National Nanotechnology Standardization Council in 2009 to
centralize planning and communication. Chapter 11, Section 4 provides
details about the nanoMark System and list of certified nanotech
companies in Taiwan.

Singapore launched the ASTAR Center for Nanometrology
Excellence aiming for nanoscale measurement facility set up with
SGD10 million committed in 2007. The center is housed in the
Singapore Science Park, a hub for R&D and innovation. It provides
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calibration/measurement services for MEMS, AFMs, LEDs, fiber optics,
sensors and piezo-electric devices. The users of the facility include
Research Institutes, nano- and biotech firms, semiconductor companies
and wafer fabs. Singapore Economic Development Board is currently
coordinating the nanotox initiative to be launched in 2009.

Table 2 summarizes the activities in nanotechnology standardization
and risk management in 13 economies reformatted from Dr Tsung Tsan
SU’s presentation given at the Asia Nano Forum Summit 2009 on 16
November 2008.

8. Conclusion

Asia, with more than half of the world’s population and including some
of the fastest growing economies, has a large and motivated population,
and a large and growing market. An increasing number of overseas-
educated Asian scientists, engineers and industrialists are taking greater
leadership in the advancement of nanotechnology across the region. The
region’s young leaders have begun to collaborate, facilitated by the Asia
Nano Forum. Japan, Korea, and Taiwan are recognized as industry
leaders of nanotechnology commercialization, especially in precision
instruments, advanced materials and electronics manufacturing. China,
India, Australia and New Zealand would be excellent research partners
thanks to their excellent research capabilities. Hong Kong is attractive in
terms of financing R&D and also in locating R&D headquarters to take
advantage of its vicinity to China — a potential manufacturing base.
Singapore provides an efficient and strategic location that protects IP and
focuses strongly on financing specific nanotechnology applications. It
provides excellent funding and business development support from both
government and the private sector. Other ASEAN economies, especially
Thailand and Vietnam, are catching up quickly.

Over the last ten years (1999-2009) the region has experienced fast
and exciting developments in nanotechnology. Japan continues to be the
leader in basic research and commercialization with South Korea and
Taiwan catching up quickly. Singapore is aggressively building a
nanotechnology ecosystem and attracting foreign technology and talent
to conduct development and manufacturing. Hong Kong is working in
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close partnership with mainland China where it taps into its manpower
and market while focusing on clean energy, environment and water,
textiles and electronics applications. China and India are pumping more
funding and looking both long and short term. Progress in Indonesia,
Thailand, and Vietnam are driven by young, passionate and foreign
educated talent. On the periphery, Australia and New Zealand are both
building strong alliances with Asia and the rest of the world.

Lerwen LIU
Managing Director, NanoGlobe Pte Ltd, Singapore

lerwen @nano-globe.biz
April 2009
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Table 2. Summary of the activities in nanotechnology standardization and risk
management in ANF member economies where information is available

Economy Technical Terminology Measurement Health, Safety Budget
Standardization and and and (MUSD)
Committee Nomenclature  Characterization Environment
Australia NT-001 (2005).  Very active Active Very active
Coordinated participation participation participation in
development in the work of  in the work of the work of
of TC229 TC229/WG1 TC229/WG2 TC229/WG3, road
Business Plan and road and road mapping and the
mapping mapping. development of TR
NMIA have “Health and safety
established a practices in
nanometrology occupational settings
program relevant to
nanotechnologies”
China National GB/T19619 27 Nano- Established
technical ~2004 (Basic dimensional Nanosafety Lab
working group Standards) M&C in 2003 at the
for nan0¥nat.erials GB/T 21511.1- standards Institute of High
standardization 2008 12 nano Energy Physics,
(2003) . CAS
materials/
Committee on products Nanosafety Join
Nanotechnology standards Lab established
Standardization in National Center
(SAC/TC279) for NanoSci. and
(2005) Tech. (2006, 6.22)
Convenor of
ISO/TC229/
WG4 NWI
Hong Optical Nanotoxicology
Kong traceable AFM
for the
nanoscale
length
calibration
India National Nanometrology ~ Major initiative to
Technical at NPL, be launched
Committee on New Delhi on toxicology,
Nanotechnology environmental studies,

safety and healthcare

1st meetin L
£ and ethical issues

(2007.11.23)
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Table 2 (continued)
Economy Technical Terminology Measurement Health, Safety Budget
Standardization and and and (MUSD)
Committee Nomenclature  Characterization Environment

Japan Nanotech Working on a Active in 5-year Project on
standardization  draft definition =~ NanoCarbon “Evaluating Risks
committee of terms of and Associated with
(2005), lead Asia NanoCarbon Photocatalyst Manufactured
collaboration on Standardization =~ Nanomaterials”
standardization Effort 5-year (FY2006-2010,
for photocatalysis Project on 17MUSD)
materials and “Research and
products Development

of Nanoparticle
Characterization
Method”
(FY2006~2010)

S. Korea Nanotech KSL 1622-2006 Active in nano 3-year Project on Y CNT:
standardization (Photocatalyst) Ag and CNT; Risk Assessment 0.66
committee 5 Korean of Nanomaterial MUSD
(2006); CNT standards (KS (2006~
standard D2711- D2715), 2009)
technology Active in ISO/TC nano-
committee (contribute 9 scale:
(2004) items) 2.2

MUSD
(2006~
2011)

Malaysia Technical National National TC National TC and 0.035
Committee on TC and and WG Meeting MUSD
Nanotechnology WG Meeting WG Meeting (2007~2008)

(17 members) (2007~2008) (2007~2008)
(2005)
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Table 2 (continued)

Economy Technical Terminology Measurement Health, Safety ~ Budget
Standardization and and and (MUSD)
Committee Nomenclature ~ Characterization Environment
New Cosmetics containing
Zealand nanoparticle —
ERMA"
Singapore Working Group  Follow ISO’s 5-Year metrology Health Effects of 10M
for ISO/TC229 roadmap nanomaterials USD
(2004-2008) (limited activities) (2005-
Nanotox initiative to 2007)
A new metrology e 1ynched 2009
roadmap
prepared
(2009~2013)
Center for
nanometrology
Excellence
(10SGD, 2007)
Taiwan  Two NanoMark  Terminology Consumer Reviewing 2
Committees Standard for Products: Regulatory MUSD
(2004), “Taiwan ~ Nanomaterials 15 Test Framework
Nanotechnology  (CNS 14975- Protocols, Active in QD,
Standard 2006), 3 drafts ZnO
Council” Nanotechnology 1 Photocatalyst
Dictionary Standard
(2007. 12) (CNS15094-2007)
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Table 2 (continued)
Economy Technical Terminology Measurement Health, Safety =~ Budget
Standardization and and and (MUSD)
Committee Nomenclature  Characterization Environment

Thailand Technical

Participation in

Committee on the work of

Nanotechnology  ISO/TC229/

(2005)

lead by TISI(2) wat
Developing
standard
terminology for
nanomaterials
(2009)

Using the existing National Technical

testing protocols

Follow ISO
TC229/JWG2

Initiating Inter-
laboratory
Comparison on
Nanoparticle size
Measurement
Program (2009)

Developing
material
specification
of Ag, TiO2,
ZnO nano-
particles (2009)

Preparing
Nanometrology
for hard disk
drive industry

Metrology
facilities (step
height standard
calibration)

0.03
Committee on Safety MUSD

of nanomaterial and (2007~
nanotechnology 2008)
Nanomaterials

Safety Program

(2008~2012)

Participation in
work of
TC229/WG3 and
OECD Chemicals
Committee

Initiating Safe
Handling of
Nanotechnology
(2009)

Inter-government
forum on chemical
safety focusing on
manufactured
nanomaterials

Note: (1) ERMA: Environmental Risk Management Authority; (2) Thailand Industrial

Standards Institute
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Appendix of Glossary

AIST - National Institute of Advanced Industrial Science and
Technology (Japan)

ANF - Asia Nano Forum

ARC - Australia Research Council (Australia)

ASEAN - Association of Southeast Asia Nations

CNT - Carbon Nanotubes

DDS - Drug Delivery System

FPD - Flat Panel Display

OLED - Organic Light Emitting Diode

IWGN - Interagency Working Group on Nanoscience, Engineering, and
Technology

LED - Light Emitting Diode

MEMS - Micro-Electro-Mechanical System

METT - Ministry of Economy, Trade and Industry (Japan)

NNI - National Nanotechnology Initiative

SME - Small and Medium-sized Enterprise
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