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Executive Summary (Draft)

In today’s world, nanotechnology is regardedwithgreat significance. Not only has it played a more
pivotal role in business and industrial sectors, but it has also been one of the contributing factors to radical
socio-economic change. It is a branch of technology with a variety of potential applicationsand further
extension to new materials, products, equipment systems, and the latest inventions. Nanotechnology
requires multilevel research in which basic research plays an important role in gaining an understanding
about how to develop more extensive and sophisticated technologies. Such development entails
interdisciplinary collaboration among physicists, chemists, biologists;and electrical, computer, chemical,
and materials engineers in order to start initiatives and lay the groundwork for other disciplines. This
calls for personnel competence, research support, integrated research system management, technology
absorption and transfer,analysis and testing, physical infrastructure, intellectual property management,
public awareness and understanding, safety management, ethical management, risk management, and
linkages between the R&D sector and social and industrial sectors. Thailand’s investment in nanotechnology
has not been substantial in the past, but with a sharp focus, Thailand can compete well with other nations.
Investment alone is not the most important condition of the equation; it is the innovative idea that is largely

instrumental in Thailand’s nanotechnology breakthrough.

According to the National Science Technology and Innovation Act 2008, the National Science
Technology and Innovation Policy Office (STI) was assignedto map out the National STI Master Plan to
propose to the National Science Technology and Innovation Policy Committee (NSTIC) for consideration.
STland the National Nanotechnology Center (NANOTEC)ater collaborated toformulate Thailand’s National
Nanotechnology Policy Framework (2012-2021) to set guidelines and directions for Thailand’s nanotechnology
development over a period of 10 years. The formulating process of this Framework was operated through
the mechanism of the National Policy Framework Committee (2012-2021), constituted of experts from all
sectors to canvass the views and provide practical advice on defining goals, strategic intents,strategies,

measures, andindicators that are in line with the Framework.

On September 11, 2012, the cabinet approved the National Nanotechnology Policy Framework (2012-
2021) and the Nanosafety and Ethics Strategic Plan (2012-2016). The Ministry of Science and Technology and

relevant agencies were afterwards entrusted with the implementation of the Framework.

The National Nanotechnology Policy Framework (2012-2021)

The National Nanotechnology Policy Framework (2012-2021) was blueprinted with consideration
toneeds, strengths, weaknesses, opportunities, potentiality, competency, challenges, and internal and

external fundamental factors of the development of Thailand’s nanotechnology. Constraints on how
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to make the best of limited resources now and in the long run were also taken into account.Further
developed from the National Nanotechnology Strategic Plan 2007-2013, this Framework is also agreeable
to the National Science Technology and Innovation Policy and Plan 2012-2021 and the eleventh National
Economic and Social Development Plan. Due to the dynamic nature of nanotechnology, which has seen
a revolutionary change, it is essential to revise the goals, strategic intents, strategies, measures, and key
performance indicators to be compatible with the current situation and future trends of nanotechnology
development. To ensure effective implementation of the policy, the following visions and goals have been
identified.

Vision

Nanotechnology strengthens economic competency, quality of life, society, and environment in a

sustainable manner.

In this Framework, three major goals are established.

1. Utilizing nanotechnology to enhance agricultural technology and manufacturing industry that
meet that demand of the market

2. Utilizing nanotechnology to develop materials, products, and equipment systems in order to
enhance the quality of life, wellness, and environment

3. Thailand to become ASEAN’s leader in nanotechnology research and education

Strategic Framework for Thailand’s Nanotechnology Development

The National Nanotechnology Policy Framework (2012-2021) was designed to improve Thailand’s
nanotechnology competency; enhance economic growth, and improve existing industrial sectors as well as
generate new ones. This Framework is also in favor of the improvement of the quality of life and society,
as well as environmental consumption and conservation in a sustainable manner. Knowledge integration
from various branches of technology is therefore indispensable to nanotechnology development and
application that fill a need of stakeholders of all levels, from sourcing or point of origin to production
and to distribution or point of consumption. These initiatives give rise to the formulationof Thailand’s

nanotechnology strategic plan, which can be categorized into four levels.

1. Defining the socio-economic development of the four target clusters: 1) Health and Medicine;
2) Agriculture and Food Sector; 3) Manufacturing Industry; 4) Energy and Environment. Eight key
industries have also been identified: Food and Agriculture, Electronics, Automotive, Textile, Chemicals/
Petrochemicals, Health and Medicine, SMEs/Community, Energy and Environment.

2. Defining seven flagship products that help unlock Thailand’s potential for competition:1)
Sensors manufactured from both bio and non-bio materials, e.g., gas detectors and monitors used in
industrial, agricultural, and environmental fields; polymer electrolytes; medical diagnostic equipment.2)

Nanoelectronics, e.g., organic electronics, organic thin film transistor, organic thin film photovoltaic
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materials.3)Drug / Herbal DrugDelivery System Products, e.g., drug delivery vehicle, targeting drug, herbal
extracts in supplementary foods. 4)Medical Cosmetics, e.g.,extracts for cosmetics and skin care products. 5)
Catalyst and Absorbent Filter Materials,e.g.,nano-zeolite catalyst, molecular filters, intrinsically conducting
polymers. 6)Nano Coating Materials,e.¢.,thermal insulation coating materials, surface coating materials,
water-resistant and stain-repellent textile coatings.7)Additives,e.g.,carbon nanotube reinforced materials.

3. Defining fundamental academic disciplines in the area of nanotechnology and relating
core technologies which can be divided into three programs: Nanomaterials, Nanoelectronics, and
Bionanotechnology. Three other programs in developing technology platform are also specified: Nano
Coating Technology,Nano encapsulation, Functional Nanostructure.

4. Defining key strategies towards the development of enabling factors, especiallyfrom a fundamental
levelincluding 1) Human Resource, e.g.,by grantingfunds to researchers and instructors as well asreforming
educational curricular to promote vocational career path. 2) Research and Development, e.¢., by specifying
research directions for nanotechnology and technology platforms for agricultural, industrial, and service
sectors; encouraging collaborative research among government agencies, educational institutions, and private
sectors to foster nanotechnology commercialization. 3) Infrastructure Development, e.g., promoting the
initiation of the national nanotechnology laboratory with full capacities for research, analysis, and service
that meet international standards; supporting the Center of Excellence and Expertise Network in key areas
of nanotechnology; strengthening nanotechnology incubation units; entering into a joint venture with or
licensing from overseas nanotechnology developers; amending regulations, legal measures, and financial
instruments to attract more investments from domestic and foreign business enterprises. 4) Management,
e.g.,making improvements to the quality, standard, safety and ethical system in order to enhance the
quality of life and wellness; creating awareness by adding nanotechnology content into the educational
curricular. 5) Technology Transfer, which generates knowledge dissemination, capability enhancements

of the industrial sector, and creating strengths to relevant agencies.
Strategic Intents, Strategies, and Measures

Strategic intents, strategies, and measures have been identified in this Framework to act as directions
to push forward the policy and to attain the stated goals.
Strategic Intent 1: The Utilization of Nanotechnology in Enhancing the Quality of Life, Health,
Medicine, and Public Health

Nanotechnology research on quality of life, health, and medicine hasrecently advanced tremendously
especially on nanomedicine, which can be further classified into three areas including Nanodiagnostics and

Imaging, Targeted Drug Delivery and Controlled Release, and Regenerative Medicine.

The applications of nanotechnology to health-related issues—»be it preventive, screening, detection,
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and treatments—range from using nanoparticles in molecular characterization toenhancingthe quality of

organ imaging, and performing sophisticated treatments andcell therapy.

1. Nanotechnology increases capabilities for the surveillance, control, prevention, and reduction of

problematic diseases.

2. The public has gained correct understanding about nanotechnology application in consumer

products.

3. There is an information security management systemin nanotechnology development and

application.

Strategy 1.1

Strategy 1.2

Strategy 1.3

Support and promote nanotechnology R&D and its applications in enhancing the quality

of life, health, and medicine.

Measure 1.1.1 Define nanotechnology R&D directions to enhance the quality of life, health,
and medicine.

Measure 1.1.2 Apply nanotechnology in prevention and treatment of diseases.

Create awareness and facilitate communication to ensure understandings about

nanotechnology

Measure 1.2.1 Establish communication and provide information about nanotechnology to
the public on a continuous basis, through various channels and at several
levels.

Measure 1.2.2 Introduce topics and subject matter on nanotechnology in middle and high
school curricula.

Measure 1.2.3 Build collaborative networks among the public-private-people sectors in order
to raise awareness, and to apply and spread the knowledge acquired from
nanotechnology development as well as integrate such knowledge within

the organization’s strategies.

Educate and provide a mechanism for overseeing safety, ethics, and standards in

nanotechnology

Measure 1.3.1 Provide an efficient and effective mechanism for educating and managing
safety and ethics in nanotechnology.

Measure 1.3.2 Support the roles of the National Committee on nanotechnology safety and
ethics.

Measure 1.3.3 Develop the potential on quality control, standards, and safety of

nanotechnology products.
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Strategic Intent 2: Using nanotechnology to enhance the agricultural sector and manufacturing

industry

Nanotechnology has been applied to enhance the competencies in the agricultural sector and
manufacturing industry in several parts of the value chain; for example, development of fertilizer, soil
amendments, insect pests disease detectors; using nanosensors in environmental monitoring and assessment
including the monitoring of temperature, humidity, residue or toxins, heavy metals, and soil nutrients during
cultivation period, etc. In addition, nanotechnology can be applied in nutrient films or food inspection;
development of packaging that uses thin films to control water and air permeation after the harvesting
period; development of nanofibers used in the weaving process to enhance the quality of durability, stain
prevention, and water resistance; and enhancement of industrial materials quality to be strong, durable,
and light, etc.

Goals

1. More investments in nanotechnology in the agricultural sector and manufacturing industry.

2. More nanotechnology research works in the agricultural sector and manufacturing industry that can
be turned into commercialization.

3. More employment rate in the field of nanotechnology in the agricultural sector and manufacturing

industry.

Strategy 2.1 Promote nanotechnology knowledge creation in the manufacturing process as well as

encourage value creation throughout the value chain

Measure 2.1.1 Determine the directions of nanotechnology research and technology
platform for the agricultural sector and manufacturing industry.

Measure 2.1.2 Support the development and extension of nanotechnology platform
researches.

Measure 2.1.3 Provide access for information, including fundamental information,

government’s R&D information, and business information.

Strategy 2.2 Promote R&D mechanisms and applications between R&D and business sectors

Measure 2.2.1 Create R&D network on nanotechnology between R&D and business sectors
at both national and international levels.

Measure 2.2.2 Provide support in building the mechanisms or organizations that enable
linkages between knowledge and collaboration between the public and

private sectors.
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Strategy 2.3

Push the nanotechnology research up towards the commercialization cycle

Measure 2.3.1 Create incentives to encourage business investments.
Measure 2.3.2 Encourage R&D collaborations between government agencies, educational
institutions, and private sectors; and push the research findings up towards the

commercialization cycle.

Enhance energy security and environmental conservation through nanotechnology

The trends of energy needs and global energy security issues are becoming serious problems, whereas

industrial development and consumption growth also take their toll on the environment. Nanotechnology

in the areas of energy and environment therefore play an important part in strengthening the security

while at the same time diminishing environmental effects. The examples include insulation made from

nanomaterials, nanotechnology for fuel cell production, the application of nanotechnology in water toxicity

detectors, and nanotechnology that helps reduce greenhouse gas emissions.

1. Research findings can be applied in energy security enhancement.

2. Thailand to become a leader in nanotechnology applications in developing and producing both

energy and alternative energy in ASEAN.

3. Nanotechnology plays a role in supporting and improving the manufacturing processes that are

environment friendly, with some contribution in 0.5% waste and pollution reduction as well as

greenhouse gas emission reduction.

Strategy 3.1

Strategy 3.2

Promote R&D activities in nanotechnology to maximize the efficiency of energy and

alternative energy production

Measure 3.1.1 Support R&D of nanotechnology platforms for applications in the
enhancement of energy and alternative energy productivity.
Measure 3.1.2 Apply nanotechnology in the reduction of greenhouse gas emission as well

as the reduction of its impact on the environment.

Develop nanotechnology to diminish the impact on the environment and utilize natural

resources efficiently

Measure 3.2.1 Develop nanotechnology for clean manufacturing system and encourage
more utilization in the industrial sector.

Measure 3.2.2 Promote the development and transfer of technology for waste reduction
and treatment by pushing it towards practical usage.

Measure 3.2.3 Develop the equipment to efficiently monitor and assess pollution in the

environment.
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Strategic Intent 4: Human Resource Development (HRD) in Nanotechnology

To strengthen Thailand’s development, it is necessary to build up HRD in nanotechnology to a
critical mass level. In other words, there has to be an adequately good number of researchers to engage
in R&D activities towards efficient applications of the existing technologies, and to be able to continuously
generate innovations at a competitive pace. This requires a steady movement of HRD in nanotechnology

and a well-defined career path for nanotechnology personnel in the operational level.

Goals

1. The number of nanotechnology R&D personnel to population is 2.5:10,000.

2. Fifty percent of nanotechnology operational workforce is in the business sector.

Strategy 4.1 Increase manpower “multiplier”

Measure 4.1.1 Offer educational grants to improve the competencies of Thailand’s
researchers and instructors.

Measure 4.1.2 Enable the exchange of researchers between national and international
organizations.

Measure 4.1.3 Provide support to researchers to present their work in international

nanotechnology academic conferences.

Strategy 4.2 Promote nanotechnology manpower creation among industries, educational institutions,

and government agencies

Measure 4.2.1 Provide support to universities in designing educational curricula that
accommodate both academic path and vocational promotion.
Measure 4.2.2 Provide grants on nanotechnology research and study.

Measure 4.2.3 Offer incentives to attract foreign researchers or experts.

Strategy 4.3 Enhance the knowledge of operational workforce both in the public and industrial sectors

Measure 4.3.1 Promote collaborations among educational institutions, research institutions,
and the industrial sector in producing a qualified workforce in the
nanotechnology field.

Measure 4.3.2 Arrange for theoretical and practical training courses on nanotechnology as
well as on equipment and tool maintenance to related persons.

Measure 4.3.3 Provide support for wider public dissemination of the research findings.
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Strategic Intent 5: Development of infrastructure and enabling factors

Nanotechnology infrastructure is regarded as the most important enabling factor in enhancing STI

competencies. It helps ensure that Thailand can be competitive in the long run by focusing on making

connections and collaborations in forms of research networks between educational institutions, research

institutions, the manufacturing sector, and related organizations in Thailand and overseas. The examples

include the Nanotechnology Center of Excellence, diagnostic networks, laboratories in the national center

and regional networks, and database system. These facilities are enabling instruments to R&D as well as for

the manufacturing and service sectors to improve their product quality to meet the standards. Not only

does the development of infrastructure and enabling factors help reduce the production cost, but having

central database system also leads to worthwhile, non-repetitive, and directional resource management.

Goals

1. Thailand’s nanotechnology competency is in the lead among ASEAN nations, with national

nanotechnology R&D spending totaling to 2% of GDP.

2. There are bridging mechanisms that link between the public, education, and business sectors,

with national nanotechnology R&D spending from the government and business at 50% each.

3. Creating incentives to attract business investment from within Thailand and overseas, as well as

promoting technology transfer.

Strategy 5.1

Strategy 5.2

Declare the policy and investment allotment on nanotechnology R&D

Measure 5.1.1 Government agencies, research units, and business sectors join hands in R&D
by using government budget, monetary funds, loans, and business investments.
This helps reduce the redundancy in operation and budget utilization while
at the same time makes such utilization worthwhile and efficient.

Measure 5.1.2 Develop the database system on national nanotechnology infrastructure.

Measure 5.1.3 Support and enable nanotechnology R&D activities and mega research

projects by using large national projects as a base.

Build up confidence and provide support for investment attraction

Measure 5.2.1 Revise regulations, legal measures, and standards to increase confidence in
tools/products.

Measure 5.2.2 Revise regulations, legal measures, financial instruments to create incentives
and attract business investment from both Thailand and overseas; and
promote technology transfer.

Measure 5.2.3 Use the government market to encourage production from R&D works.
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Strategy 5.3 Support the infrastructure for analysis and testing

Measure 5.3.1 Support the Center of Excellence and expertise network in key areas of
nanotechnology.

Measure 5.3.2 Enhance the competencies of the agencies in testing and issuing
nanotechnology standards.

Measure 5.3.3 Provide support to the establishment of the national laboratory for
nanotechnology with capabilities to accommodate research, diagnosis and

testing, and provide services that meet the international standards.

Policy Management Mechanism Towards Implementation and Evaluation

In managing nanotechnology according to the National Nanotechnology Policy Framework (2012-
2021), three levels of operational structure are defined—policy level, action plan enforcement level, and
implementation level—in order to ensure inclusive management from policy to implementation. In the
policy level, management and control of related government agencies and private firms are in direct
responsibility of NSTIC. STI Office takes charge in policy research and acts as an agency that keeps a
close watch on the world’s nanotechnology trends, and proposes the policy to NSTIC. In cooperation
with the National Nanotechnology Center, the two agencies work as a secretariat of NSTIC, under which
sub-committees can be formed to implement the following key activities. 1) Sub-committee for driving
nanotechnology policy: responsible for enforcing the implementation according to the Framework,
coordinating with other agencies to follow the Framework, considering proposals or measures regarding
high-impact nanotechnology and proposing to NSTIC. 2) Sub-committee for monitoring and assessment
of the National STI Policy and Plan: responsible for reporting the implementation results; monitoring and
evaluating the nanotechnology policy and plan; monitoring key activities in nanotechnology; and raising
opinions to NSTIC by pushing forward through the sovernment agencies or private firms, or through expert
or working teams which can be further formed in each sub-committee as appropriate to help carry the plan

towards implementation.

The agency that is responsible for the evaluation part is the one with expertise in nanotechnology
and has gained social acceptance to be qualified to monitor the progress and achievement of projects
or key activities. This agency then reports the evaluation results to NSTIC for further acknowledgement
and recommendations in terms of the policy framework, goals, strategic intents, strategies, measures, and
action plans to make them correspond to changing situations. The secretariat of Nanotechnology Policy
Framework acts as a coordinator among relevant agencies at all three levels—policy, plan enforcement,
and implementation—in revising the Nanotechnology Policy Framework and taking action according to the

suggestions and recommendations of NSTIC.
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Key Success Factors for Enforcement Policy Framework towards Implementation

Nanotechnology is regarded as a key success factor for the development of several technologies.
To drive the Framework towards implementation and the established goals, fundamental success factors
are required, including commitment, focused planning, evaluation, strategic alignment and clear directions
to drive forward continuously. In addition, at least three key success factors (KSF) have to be taken into
consideration. 1) Budget - with appropriate amount and continuity, will enable knowledge development and
extension for the benefits of short-term applications and long-term development of the infrastructure. This
requires making the best of resource management and the ability to assess the efficiency and effectiveness
that meet the population’s needs. 2) Incentives - there needs to be measures to reinforce the strengths
and minimize the weaknesses by focusing on the development and application of nanotechnology; offering
attractive incentives for R&D activities and R&D investments both at domestic and international levels
including grants, tax measures, enabling measures to attract talent mobility in nanotechnology, etc. 3)
Supporting the government market - this includes supporting government procurement, encouraging
market expansion, enhancing infrastructure capabilities, enabling flexibility in certain industries. Some
examples of supporting the government market are through flagship projects that provideactive support to
the public and private sectors; by increasing strengths; enabling the development of innovative products
by starting from using domestic raw materials and reducing imports; promoting targeted industries with
domestic market; creating jobs and occupations; winning acceptance and confidence in standard quality;
enhancing competencies of Thailand’s nanotechnology development to a certain degree that enables the
country to stand robust in the global competition; being able to remain internationally competitive in the

circumstances where a large amount of budget is injected and spent on R&D activities at a fast pace.

Key Success Indicators

The examples of key success indicators for the Framework can be categorized as follows:

1. Indicators on social development, quality of life, health, medicine and public health, and
nanotechnology awareness
« Number of health and medical products with components from nanotechnology application
or that apply nanotechnology in the manufacturing process
 Public awareness regarding the importance and ethics of nanotechnology applications
« Number of books, textbooks, publications, or testing and demonstration equipment that
provide nanotechnology knowledge to the public

« Number of websites that provide knowledge and public information on nanotechnology

2. Indicators on capacity building of the agricultural sector and manufacturing industry
« Number of products with components from nanotechnology application or that apply
nanotechnology in the manufacturing process

+ Value of products and services that apply nanotechnology knowledge to GDP
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Number of enterprise networks in core industries with nanotechnology applications

Nanotechnology-related employment rate

3. Indicators on adaptation to climate change, energy, and environmental security

Number of products relating to adapting to climate, energy, and environmental change with
components from nanotechnology or that apply nanotechnology in the manufacturing process
Number of projects that apply nanotechnology knowledge in adapting to climate change
Reduction in greenhouse gas emission in the fields of energy, transportation, manufacturing
industry, construction, and agriculture

More efficient use of energy

Increase in renewable and alternative energy consumption

Number of projects that efficiently have nanotechnology management and application to

reduce waste that has an impact on the ecosystem

4. Indicators on human resource development in nanotechnology

Number of researchers, research assistants, and personnel equipped with knowledge in
nanotechnology

Number of technicians with knowledge and skills for maintenance of equipment and tools
used in nanotechnology R&D activities

Number of educational institutions that offer curricula and degrees in nanotechnology
Number of nanotechnology-related publications in academic journals that are internationally
accredited

Employment rate of graduates in nanotechnology field

5. Indicators on the development of infrastructures and enabling factors in nanotechnology

development

R&D expenditure to value creation of the industries that use nanotechnology

Percentage of government R&D expenditure to business R&D expenditure in nanotechnology
Number of nanotechnology laboratories

Number and type of equipment and tools that facilitate R&D in nanotechnology

Number of R&D projects and investment value from companies that received financial and
technical supports from government agencies

Number of companies that own innovations derived from nanotechnology R&D activities

Number of registered patents and number of nanotechnology inventions

Expected Outcomes for Thailand

The National Nanotechnology Policy Framework (2012-2021) clearly defines goals, strategies,

measures, and directions for the country, with expectations on building Thailand’s capabilities to keep up
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with technology advancements and to be able to cope with changes that may occur in the future. From

the development of this Framework, the following outcomes are expected to benefit the country.

Expected outcomes on the economic sector

Thailand to become a top-three food and agriculture exporter in the world by enhancing the
efficiency in resource management in production process and by reducing production costs
Value creation in the fashion and textile industries as well as other innovative fashion products
such as leather, gemstone, and jewelry accessories

Creation of new entrepreneurs or development nanotechnology business among no fewer than
500 companies; this can bring about investment, productivity, employment, and market creation
such as clean and more highly efficient energy material technology, development of ready-to-

use medical diagnostic toolkit, medicine and medical equipment

Expected outcomes on the people and society

Acquiring new patterns of learning development and social education

Value creation to local products

Increasing abilities to control, prevent, and reduce the rate of problematic diseases

Possessing correct knowledge and understanding about the application of nanotechnology in
consumer goods

Being aware of the negative and ethical impacts that could occur from the application of

nanotechnology

Expected outcomes on the environment

Application of nanotechnology to develop and produce renewable energy
Reduction of pollution from fossil usage and greenhouse gas emission
Environmental conservation and reduction of environmental impacts which could incur from

industrial development

Expected outcomes on Thailand’s science and technology capabilities

R&D expenditure on nanotechnology reaches 0.2% of GDP

Percentage of research works conducted by government to business is 50:50

Number of nanotechnology R&D personnel to population is 2.5 to 10,000

Percentage of R&D personnel in business sector is 50%

Being able to register no fewer than 500 patents and have no fewer than 2,000 publications in
international academic journals

Having mechanisms to create the ability for technology absorption and technology transfer from
both Thailand and overseas; possessing legal-enabling factors; adopting incentive creation
measures to attract investment; and improving financial regulations

Gaining a higher position in IMD’s World Competitiveness Rankings by becoming one among the
first 15
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1 LLWﬁd%@Ha : “Nanotechnology, A gentle introduction to the next big idea,” M. Rater and D. Ratner, Prentice Hall, 2003; “Prospects in
Nanotechnology: Toward Molecular Manufacturing,” M. Krummenacker and J. Lewis, John Wiley & Sons, Inc., 1995; The Institute of
Nanotechnology, UK, http://www.nano.org.ul/nano.htm
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Technology Applications Bio Nano Materials | Information

Cheap Solar Energy X X

Rural wireless communications X

Ubiquitous Information access

GM crops

X | X | X | X

Rapid biocassays

Filters and catalysts

Targeted drug delivery

Cheap autonomous housing

X | X | X | X | X | X
X | X | X | X | X | X | X | X |X

Green manufacturing

Ubiquitous RFID tagging

Hybrid vehicles

X | X | X | X | X | X

Pervasive sensors X

Tissue engineering X

>

Improved diagnostic and surgical methods X

Wearable computers

X | X | X | X | X | X | X | X |X | X | X | X

X | X | X | X | X | X

Quantum cryptography

Wna9i : The Global technology revolution 2020, In-Depth Analyses, RAND Corp, 2005
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Hudu
Nanomaterials Nanointermediates Nano-enabled products
Nanoscale E”teém;d'e'_‘:: Finished good
roauct wi -
structures;; pro ‘L Incorporating
UNprocess Nnanoscaie
nanotechnolo
form features 8Y
Nanoparticles, Nanotubes, Coating, fabrics, memory and Car, clothing, airplane,
Quantum dots, fullerenes, logic chips, contrast media, consumer electronics devices,
Dendrimers, nanoporous optical components, orthopedic pharmaceuticals, processed
materials. materials, superconducting wire. food, plastic containers, appliances.

g‘z/ﬁ .0 walgyanulunalulad (Nanotechnology value chain)
unasniu) : Michael Holman, Senior Analyst, Lux Research Inc. October 25, 2007

v.a.0 YaAna1nulunalulagvadlan (Nanotechnology Market Value)
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@. Air Purifier & Sterilizer (2009)

Nano silver air sterilizer “Cylverguard” with Nano silver technology which is a new
type to sterlizie air based on Nano technology

Ref. Woodrow Wilson International Center for Scholars and the Pew Charitable

Trusts: The Project on Emerging Nanotechnologies (pen)

lo. Nanotrim (2009)

Nanotrim is comprised of the most powerful, nano-engineered medicinal

= botanicals available and contains no chemically generated compounds or fillers.
Nanotrim™ =
a3 Ref. Woodrow Wilson International Center for Scholars and the Pew
2 Nanotim®™  Charitable Trusts: The Project on Emerging Nanotechnologies (pen)
.

a. Food Storage Containers (2009)

The Fresh Box super airtight food storage containers can reduce
bacteria by as much as 99.9%. The naturally anti-fungal, anti-bacterial
and anti-microbial properties of the finely dispersed nanosilver particles

permanently imbedded in the containers will save cost.

For more information: http://www.nanoandme.org’/home/

&. Anabolic Vitakic (2010)

The Nanomolecular Multi-Action, Rapid-Release Caplet has been infused with a precise
%ﬂ portion of a muscle-building ingredient, as well as calculated dose of the multivitamin complex
AmA BT that has been nanoparticulated to a size that’s up to 8,800 percent smaller than normal. This

exclusive process is engineered for rapid delivery of these components.

For more information: http://www.nanotechproject.org
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&. Nano in packaging (2009)
Nano is already being used in packaging, particularly for food and drink, in a number of
different ways: Barrier protection Nanomaterials, mainly made from nano-sized particles of clay, are

used as a filler material in the production of the plastics used to make drinks bottles to improve

their barrier protection.

Now with bottles that use plastic coated with nano-clays those gases cannot escape and the

beer tastes the same as it would in glass.

Packaging reduction: To reduce the amount of plastic used in packaging, clays are being

added in the processing method. For more information: http://www.nanoandme.org/home/

b. AlkaStick Water energizer (2011)

The alkaStick water energizer improves ORP and pH value of tap water and reverse
“ osmosis water up to pH 9.5 and -200 mV for only 1.5 cent per liter. This high alkalizing power is

L achieved by the use of the following ingredients: Tourmaline stone (energizes); Maifanshi stone

= (releases valuable trace elements); Far infrared stones (energize, ionize), Nano silver powder

(disinfects), Calcium ions (alkalize)

l/
\ ; For more information: http://www.nanoandme.org/home/

&), Hair-growth treatment (2011)
Spectral.DNC-L deposits cutting-edge ingredients deep below the surface of the scalp,

where they can really perform, through proprietary nanosome encapsulation. Nanosomes

deliver the 5-alpha-reductase inhibitors deep within the scalp.

Ref. Woodrow Wilson International Center for Scholars and the Pew Charitable

Trusts: The Project on Emerging Nanotechnologies (pen)

. Antibacterial Make-up Instrument (2009)

The processed nano silver coating materials can be applied on metal products
such as water tap, door lock, knife, fork, scissors, trays, etc. We have developed the
following products and going to develop more. The appliance processed by this
means can effectively protect people from the hairdressing-related infections such
as trachoma, conjunctivitis, virosis hepatitis, dermatitis and AIDS.

For more information: http://www.nanotechproject.org
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«. Nano in sportsand leisure (2009)

Nanotechnology is behind the creation of lighter weight
and much stronger materials for use in lots of different sports.
Some shin-pads for footballers are nano-structured plastics,
because they are light weight and their increased strength means
that thin layers offer sufficient protection from a kick on the

shins. However, for many sporting goods, the real advance has

been with plastic materials containing carbon nanotubes to make
them extremely strong, but also very lisht. These nanocomposite
materials are now being used in squash and badminton racquets, baseball bats, hockey sticks, snowboards, skis,
fishing rods and poles, golf balls and golf clubs. Floyd Landis won the Tour de France on a lightweight cycle which
had a nano-based plastic frame, and now it is possible to buy mountain bikes with plastic frames.

@o. Window Glass and Ceramic Tile (2009)

s = waa Present protective coating for glass is a
' specially formulated nanotechnology
product with a long term self cleaning
effect for glass and ceramic surfaces.
It prevents the formation of calcium

deposits.  The nanoparticles adhere

directly to the molecules of the materials
they are applied to and allow the surface to repell any dirt or water.

For more information: http://www.NanoAcceleration.com
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- Particle size analyzer (Nanosizer)

- High pressure homogenizer

- Fluorescence spectrophotometer

- Spray dryer

- Carbonization oven furnace

- Autoclave front loading

- Freeze dryer

- Surface area and pore size analyzer

- Fourier transform infrared spectrometer (FT-IR)
- High performance liquid chromatography (HPLC)
- Gel permeation chromatography (GPC)
- Contact angle analyzer

- UV exposure

- High pressure homogenizer

- Purified water with complete set

- Fluorescence microscope

- Gas chromatography with FID/TCD detector
- Multi angle light scattering detector

- Colorimeter

- High pressure reactor

- Total organic carbon analyzer

- Ultracentrifuge

- Reaction calorimeter

- Freeze dry for organic

- Micro-gas chromatography

- Semiconductor analyzer

- Atomic force microscope (AFM)

- Scanning electron microscope (SEM)

- X-ray diffractrometer (XRD)

- Raman microspectrometer

- Differential scanning calorimeter (DSC)

- Thermalgravimetric analysis (TGA)

gudunlumaluladusiend srdnnuiauinemansuaznaluladuiewd

<&



&

nsavuleuie mMsnawunlumaluladvesUszndlng w.a. beee - nebe

gudmaluladlane
wazdaAuUieYIA

- Dip Coater

- Gas chromatography-mass spectrometer (GC-MS)

- High performance liquid chromatography (HPLC)

- CHONS analyzer

- Transmission electron microscope (TEM)

- Field emission-scanning electron microscope (FE-SEM)
- Particle size analyzer (Nanosizer)

- X-ray diffractrometer (XRD)

- Electron probe microanalyzer (EPMA)

- Energy dispersive x-ray fluorescence (ED-XRF)

- High performance liquid chromatography HPLC)

- Gas chromatograph-mass spectrometer (GC-MS)

- Inductively coupled plasma-mass spectrometer (ICP-MS)

- Inductively coupled plasma-optical emission spectrometer (ICP-OES)

AudNugIAINTIY
wazmalulagdaninueuna

- Electrospinning unit
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UM INYIRBINEATANERS - Surface area analyzer (BET)

- Porosimetry and chemisorption analyzer

- Fourier transform infrared spectrometer (FT-IR)

- Raman spectrometer

- TAP-Il reactor

- Transmission electron microscope (TEM)

- X-ray diffractrometer (XRD)

- Scanning electron microscope (SEM)

- Catalytic reaction testing

- Computational modeling packages

- Sputtering/coating for materials

- Polymerase chain reaction (PCR)

- Spectrophotometer

- Infrared spectrometer

- DNA agarose gel electrophoresis homogenizer

- Ultrasonicator

- Differential thermal analysis /Thermogravimetric analyzer
(DTA/TGA)

- Autosorb

- Microscan

- Powder tester

- Porosimeter

- Multi-pycnometer

- Polarized microscope

- Atomic absorption spectrophotometer (AAS)

- High performance liquid chromatography (HPLC)

- Gas chromatography (GC)

- Petroleum analysis

- High semi-cater

- Differential scanning calorimeter (DSC)

- Microfluidizer

dantumalulagusiede - Modified polyelectrolyte deposition process
- Dip coating setup

- Current-voltage test bench

- Nanopressure sensor

- Modified polyelectrolyte deposition process
- UV-visible spectrophotometer

- Gas chromatography (GC)

- Dip Coater

- Chemical vapor deposition (CVD) reactor
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- Langmuir-Blodgett trough

- RF Magnetron sputtering system

- Metal evaporator

- Plasma-enhanced evaporator

- Synthesis setup

- Nanoparticle synthesis line

- Protein purification setup

- Gas chromatography (GC)

- Liquid chromatography (LC)

- In-house surface plasmon resonance spectrometer
- lon scattering spectrometer (ISS)

- Secondary ion mass spectrometer (SIMS)

- UV-Vis spectrophotometer

- X-Ray diffractometer (XRD)

- Fiber-Optic UV-Vis Fluorescence spectrometer

- High-precision electrometer

- Low-energy electron diffraction spectrometer (LEEDS)
- Atomic force microscope (AFM)

- Scanning probe microscope for liquid

- Electrical scanning probe microscope

- 3D Digital optical microscope

- Surface plasmon resonance spectrophotometer
- Fluorescence spectrophotometer

- Differential scanning calorimeter (DSC)

- Contact angle analyzer

- Ellipsometer

- QCM & Network analyzer

- High performance computing cluster

- High pressure homogenizer

dontuwalulagnszaauinan
Wrnaummsainnseda

- Organic evaporation system

- Electron beam evaporator

- Reactive timing RF magnetron sputtering system
- Atomic force microscope (AFM)

- Photoreflectance spectrometer

- UV-Visible spectrophotometer

- Scanning electron microscope (SEM)

- Energy dispersive X-ray spectrometer (EDS)
- Clean room class 10K

- 3 Source thermal evaporation system

- Photoluminescence spectroscopy system

- Jetlab 4 Ink jet printing system
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- X-ray diffractometer (XRD)

- Atomic force microscope (AFM)

- Raman spectometer

- Scanning electron microscope (SEM)

- Transmission electron microscope (TEM)

- Energy dispersive x-ray spectrometer (EDS)

- Thermogravimetric and differential thermal analysis
(TGA/DTA)

- Sputtering machine

- Electric furnace (1,100 °C)

- Nano scope multimode scanning probe microscope

- High performance liquid chromatography (HPLC)

- Small grain carbon coater

- Focused ion beam (FIB) system

- Molecular base and protein sequencer

- Raman spectrometer

- Sputtering system

- Ellipsometer

gudulumaluladwisnd drinauimuinermansuazmaluladuvianid

[~



nsauulgune nMswaIulumaluladvesusemdalng w.a. weee - veoe

UAINYIFYFIVAUATUNS

- Diffusion cell

- Differential scanning calorimeter (DSC)

- Andersen cascade Impactor

- Centrifuge

- Polymerase chain reaction (PCR)

- Spin coater for thin-film

- Furnace

- Electron beam evaporator

- Lﬂé@ﬂ%‘ﬂLNQJLUiULLUULLﬂiu

- AT TULULYIENa

- Dead-end nanofiltration

- Cross-flow nanofiltration

- Impedance spectroscopy

- Ultrasonic cleaner

- Beta radiation detector

- Lﬂ%@ﬂﬁﬂLMﬁJLUiuLLUU’NﬂﬁN

- spuuAn¥ANUNIUlagBUNS

- STUURNYIANINITUWINIUNNLUTY

- Plasma generator

- Attritor, high energy mills, Jet mill

- EPD Laboratory

- Sol-gel Laboratory

- Thermal carbonation Laboratory

- High temperature furnace

- Atomizer (low temperature) emission spectroscopy
- UV spectrophotometer

- Hot stage-cold stage microscope

- Metallography Laboratory

- Surface area measurement apparatus and particle size apparatus
- UV-VIS spectrophotometer

- Ultrasonicator

- Surface tensiometer

- Michanical propertive testing machine

- Scanning electron microscope (SEM)

- Differential scanning calorimeter (DSC)

- Transmission electron microscope (TEM)
- Dynamic mechanical thermal analyzer (DMTA)
- Fourier transform infrared spectrometer (FT-IR)
- Atomic force microscope (AFM)

- Particle size analyzer (Nanosizer)

- Chemical vapor deposition (CVD) reactor
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- Plasma chemical vapor deposition (CVD) equipment
- Electron beam evaporator

- Scanning electron microscope (SEM)

- Molecular beam epitaxy (MBE)

- Atomic force microscope (AFM)

- Photoluminescence setup

- Holographic setup

- Liquid phase epitaxy

- Vacuum evaporator

- Differential scanning chromatography (DSC)
- Thermogravimetric analysis (TGA)

- Fourier transform infrared spectrometer (FT-IR)
- UV-visible spectrophotometer

- Hardness tester

- Universal testing machine

- Impact tester

- Surface area and porosity analysis

- Scanning electron microscope (SEM)

- X-ray diffractometer (XRD)

- Transmission electron microscope (TEM)

- X-ray fluorescence spectrometer (XRF)

- Particle size analyzer

- Surface area analyzer (BET)

- Surface area measurement

- X-ray photoelectron spectroscopy (XPS)

gudunlumaluladusiend drdnnuiauinemansuaznaluladuiewd

De



nsavuleuie mMsnawunlumaluladvesUszndlng w.a. beee - nebe

UNIINYIAYVIURAY - Electrospinning unit

- Thermal chemical vapor deposition (CVD)

- Hot-filament chemical vapor deposition (HFCVD)
- Plasma-enhanced chemical vapor deposition (PECVD
- Microwave plasma chemical vapor deposition (MPCVD)
- AC-sputtering for thin-film

- Quick coater

- Sputtering coater and evaporation PSU

- E-beam evaporator

- Extruder

- DI pure water system

- Ultrasonic cleaner

- Tube furnace : 1,200 °C

- Tube furnace : 1,500 °C

- Chamber furnace : 2,000 °C

- Chamber furnace : 1,400 °C

- Chamber furnace : 1,100 °C

- Ellipsometer

- X-ray diffractometer (XRD)

- UV-visible spectrophotometer

- Fluorometer

- Raman spectroscopy

- High pressure homogenizer

- Electric Controller

- Surface area analyzer (BET)

mwﬂawﬂﬂﬁﬂmﬂﬂaﬁqwﬁ - Nanopowder synthesis by mechanical alloying method and mechanochemical
synthesis

- Transmission electron microscope (TEM)

UNINYIABYTHA - Transmission electron microscope (TEM)

- Differential scanning calorimeter (DSC)

URINgAYIARaNEal - Particle size analyzer

- Fourier transform infrared spectrometer (FT-IR)
- Particle size analyzer (Nanosizer)

- Contact angle measurement

- Zeta potential analyzer

URIINYIAYATUATUNTI I - Microplate reader
- Tissue culture facility and equipment
- Spectrofluorometer

- Polymerase chain reaction (PCR)

- Electrophoresis
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- Liposome extrusion

- Particle size analyzer

- Dripping machine

- X-ray diffractometer (XRD)

- Semi-conductor analyzer

- Infrared spectrometer (IR)

- Gas chromatography-mass spectrometer (GC-MS)
- High performance liquid chromatography (HPLC)
- Differential scanning calorimeter (DSC)

- Fourier transform infrared spectrometer (FT-IR)

- Electrospinning unit

- Ultrasonicator

- High pressure homogenizer

- UV-Visible spectrophotometer

- Micro-plate reader

- Scanning electron microscope (SEM)

- Chemical vapor deposition (CVD)

UINFIABLUTNINA

- Scanning electron microscope (SEM)

- Differential scanning calorimeter (DSC)

- Particle size analyzer

- X-ray diffractometer (XRD)

- X-ray fluorescence spectrometer (XRF)

- Thermalgravimetric analysis (TGA)

- Differential scanning calorimeter (DSC)

- Universal testing machine

- Dilatometer

- Gas chromatography-mass spectrometer (GC-MS)
- High performance liquid chromatography (HPLC)
- UV-Visible spectrophotometer

- Fourier transform infrared spectrometer (FT-IR)

- Spin coater

- Compression molding machine

- Electrospinning unit

- Impact tester

gonvuwmaluladiedesuvieund
(29ANTTUNIVL)

- Particle size analyzer
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