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Tools for —11
' Different | 2
Futures 3
1. A Clear 2. Alternate
Enough Picture Futures
What Can > A single forecast > A few discrete
precise enough for outcomes that define
be known determining strategy |the future
Ana|ytiC TOOlS >“Trad_itiona|” . »SWOT Analysis
strategic planning

Source: modified from 2020 Foresight - Crafting Strategy in an Uncertain World - Hugh Courtney
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Tools for '\A Pl

ifferent —]?F»
Futures N v\
3. ARange of |4 True
Futures Ambiguity
What can be |>Arange of >No basis to forecast

known possible outcomes the future

Analytic Tools |»scenario planning | >Analogies and
»Latent-demand pattern recognition
research

Source: modified from 2020 Foresight - Crafting Strategy in an Uncertain World - Hugh Courtney 11

Overview of Foresight Methods

Creativity

Science
fiction

Brainstorming

Scenario
writing brospective

Essays

Combinations of /
. thods
Delphi me Y i

Technology
Roadmapping

Panels Conferences Impact matrix

EXxpertise Interaction Alignment

Source: Modified from Loveridge and van der Meulen in Cameron et al
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o ANSIIASHUNANMHNUALANSLNSG
(bibliometric and patent analyses)

o AsasAnUUnail (Delphi survey)
e ASIVIUANIUIAR (Scenario writing)

o Asadunuitamalulad
(technology roadmapping)

® DU ¢
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ANSAATIEUUNAMNUAZANSUNS

(Bibliometric and Patent Analyses)

o @AnENSULUUVIILDAANSAINNN
(Publication Patterns) 181 sha9un1s
33y ansiing wudu

o InKIUTHIAUIUIU WNANNAUNUSDD
unau Iagldudannansnaais/
ASLAFNENS

e i 2 uUHINIKAN AD
® N15I1A51LNNN5919949 (Citation analysis)
e ANsAAseililonn (Content Analysis)
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619813 Bibliometric Analysis - Nanotechnology

e At ISI Web of Knowledge*
e Database

e Science Citation Index Expanded (SCI-EXPANDED)
e 2001-present
e Based on 3 platforms
e Coating
e Encapsulation
e Functional nanostructure

* http://www.isiknowledge.com/?DestApp=WOS&locale=en_US 15

Nanotechnology & coating

e TS=(nano* AND coat*)
e 22,606

Field: Subject Area %i‘:: ;"’ﬁ;: EBar Chart
MATEFRIALS SCIENCE, MUL TIDISCIPLINAEY 7376 326285 %
PHYSICS, APPLIED 3819 258737%
CHFEMISTRY, PHYSICAT 4144 1R3314%
LMATERIALS SCTENCE, COATINGS & FILMS 2833 126204 %
PHYSICS, COMDENSED MATTER 114! 121316%
NANOSCIENCE & NANOTECHNOLOOY 2438 108732 %
CHEMISTRY, MUL TIDISCIPLINARY 2208 07673 %
POLYWER SCTENCE 1233 34632 %
ELECTROCHEMISTEY 1084 47952 %
METALLUEGY & MEFALLUEGICAL ENGINEERING 1012 4.4/8) %
Field: Sabject Area Ee;u:ri glgﬁﬁgg Bar Chart

(134 Subject Arsa value(s) outzide disolamy ophions.)
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Nanotechnology & coating

e Document type

Record % of

Field: Document Type Count 22606 Bar Chart
ARTICLE 17346 76.7318 %
COFRECTION 22 0.0973 %
EDITORIAL MATERIAL 34 0.1504 %
LETTER 78 0.3430 %
MEETING ABSTRACT 161 0.7122 %
NEWS ITEM 39 0.2610 %
PROCEEDINGS PAPER 4323 191232 %
REVIEW 582 2.5745%

Field: Document Type giﬂf izﬁﬁgfi Bar Chart

(1 Document Type value(z) outside display options.)
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Nanotechnology & Coating

e Publication year

Field: Publication Year %ET;? ;;‘Elﬁgfﬁ Bar Chart
1000 3 0.0221 %
2000 119 0.5264 %
2001 032 42113 %
2002 1223 54101 %
2003 1729 7.6484 %
2004 2359 10,4353 %
20035 2041 13.0008 %
2006 3638 16.0931 %
2007 4189 18.3303 %
2008 4931 21.8128 %
Field: Publication Year E‘::lu:f gﬁﬁ;ﬁ Bar Chart

(1 Publication Year value(s) outside display options.)
18




Record % of

Field: Country/Territory Count 23606 Bar Chart
UsA 3362 23.71%4 %
PEOPLES R. CHINA 4682 2007113 %
JAPAN 1874 8.7322%
GERMANY 1848 8.1660 %
SOUTH KOREA 1633 12237 %
FRANCE 1230 5.4808 %
ENGLAND 282 43440 %
TATWAN 873 3.8707 %
INDIA 817 3.6141 %
ITALY 632 2.8842%
Field: Country/Territory g:ﬁnﬂ ;ﬁﬁgﬁ Bar Chart .
Thailand = 73
(97 Country/Territory value(s) outside display options.) (0.3229%)

Nanotechnology & Encapsulation

e TS=(nano* AND encap¥*)
e 6,212

e Top ten
: : Record % of
Field: Subject Area Count 6212 Bar Chart
MATERIALS SCIENCE, MULTIDISCIPLINARY 1436 230214 %
CHEMISTRY, PHYSICAL 1400 22.6819 %
CHEMISTRY, MULTIDISCIPLINARY 1206 20.8628 %
PHARMACOLOGY & PHARMACY 750 12.0734 %
NANOSCIENCE & NANOTECHNOLOGY 697 11.2202 %
PHYSICS, APPLIED 674 10.8300 %
POLYMER. SCIENCE 590 0.4977 %
PHYSICS, CONDENSED MATTER 582 03600 %
BIOCHEMISTRY & MOLECULAR BEIOLOGY 243 39118 %
MATERIALS SCIENCE, BIOMATERIALS 233 3.7508 %
S, : Record % of
Field: Subject Area Count 6212 Bar Chart

(113 Subject Area value(s) outside display options.)
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Nanotechnology & Functional Structure

e TS=(nano* AND function* AND structure)
e 10,276

e Top ten
S : Record ¥ of
Field: Subject Area Count 10276 Bar Chart
MATERIALS SCIENCE, MULTIDISCIPLINARY 2487 242020 % |
CHEMISTRY, PHYSICAL 23635 23.0148 % |
PHYSICS, CONDENSED MATTER. 1982 192877 % |
PHYSICS, APPLIED 1566 152394 % |
NANOSCIENCE & NANOTECHNOLOGY 1087 10.5780 % |
CHEMISTRY, MULTIDISCIPLINARY 1057 10.2861 % |
POLYMEF. SCIENCE 160 13059 % |
PHYSICS, ATOMIC, MOLECULAR. & CHEMICAL 622 6.0520 % |
BIOCHEMISTEY & MOLECULAF. BIOLOGY 499 48360 % |
PHYSICS, MULTIDISCIPLINARY 376 5.6590 % [ |
: - Record % of
Field: Subject Area Count 10276 Bar Chart

(130 Subject Area value(s) outside display options.)
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Thailand’s Publications on Nanotechnology

« TS=(nano*) AND CU=(Thailand)
« 809
« Average citations per item = 3.95

Published Items in Each Year Citations in Each Year
300
1400
250 -
1200
200 - 1000
150 - aon
100 - GO0
400
= 200 I
= — [} [l =t L (¥ Foa oo on = o ] s L = l"\-\. = o
S EEEoeERER ggggggggg
Years Years
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Thailand’s Publications on Nanotechnology

Field: Subject Area %iu:f l;ﬁﬂ;f Bar Chart
MATERIALS SCIENCE, MULTIDISCIPLINARY 233 28.8010 %
POLYMER SCIENCE 28 15.8220 %
CHEMISTEY, PHYSICAL 119 14,7095 %
PHYSICS, APPLIED 119 14.7095 %
CHEMISTRY, MULTIDISCIPLINARY 74 9.1471 %
NANOSCIENCE & NANOTECHNOLOGY 64 19110 %
PHYSICS, CONDENSED MATTER 60 1.4166 %
PHARMACOLOGY & PHARMACY 43 5.9333 %
ENGINEERING, CHEMICAL 46 5.6860 %
MATERIALS SCIENCE, CERAMICS 43 53152%
Field: Subject Area Eiu:f ‘;ﬁngf Bar Chart

(77 Subject Area value(s) outside display options.)
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Thailand’s publications on nanotechnology

/ « Source title

Record % of

Field: Source Title Count 309 Bar Chart
MATERIALS LETTERS 26 32138%
ABSTRACTS OF PAPERS OF THE AMERICAN CHEMICAL SOCIETY 24 2.0666 %
JOURNAL OF APPLIED POLYMER. SCIENCE 2 27194 %
CERAMICS INTERNATIONAL 19 2.3486%
SCIENCE AND TECHNOLOGY OF ADVANCED MATERIALS 13 22230%
INTERNATIONAL JOURNAL OF PHARMACEUTICS 17 21014 %
MATERIALS CHEMISTRY AND PHYSICS 16 1.9778 %
CURRENT APPLIED PHYSICS 14 1.7303 %
CATALYSIS COMMUNICATIONS 12
NANOTECHNOLOGY 11
POLYMER. 11
CARBOHYDRATE POLYMERS 10
EUROPEAN POLYMER JOURNAL 10 1.2361 %

JOURNAL OF NANOSCIENCE AND NANOTECHNOLOGY 11125 %

ANALYTICAL CHEMISTEY 0.9889 %

¢
8
COLLOIDS AND SURFACES A-PHYSICOCHEMICAL AND ENGINEERING ASPECTS 8 0.9889 %
8
8
8

EUROPEAN JOURNAL OF PHARMACEUTICS AND BIOPHARMACEUTICS 0.9880 3%
JOURNAL OF CRYSTAL GROWTH 0.9880 %

JOURNAL OF MAGNETISM AND MAGNETIC MATERIALS 0.9880 %

APPLIED PHYSICS LETTERS 7 0.8653 %

APPLIED SURFACE SCIENCE 7 0.8633%

JOURNAL OF ALLOYS AND COMPOUNDS 7 0.8633 %

24




Thailand’s publications on nanotechnology

 Document type

Field: Document Type Eiﬂf
ARTICLE 631
CORRECTION 3
EDITORTAL MATERIAL 3
LETTER 4
MEETING ABSTRACT 27
PROCEEDINGS PAPER. 105
REVIEW 16
Field: Document Type EE{;}:F

% of

300 Bar Chart

80.4697 %
0.3708 %
03708 %
0.4944 %
33373%
12.9790 %
19778 %

% of

300 Bar Chart
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Thailand’s publications on

e Institute

Field: Institution Name o ] Bar Chart
Count 309
CHULALONGKORN UNIV 311 38.4425 %
CHIANG MAI UNIV 116 143387 %
MAHIDOL UNIV a8 121137 %
KASETSART UNIV 34 6.6749 %
KHON KAEN UNIV 46 5.6860 %
NATL MET & MAT TECHNOL CTR 35 4.3263 %
SILPAKORN UNIV 35 43263 %
KYOTO UNIV 27 33375 %
PRINCE SONGEKLA UNIV 27 33373 %
NARESUAN UNIV 18 22250 %
Field: Institution Name e ] Bar Chart
Count 309

(376 Institution Name value(s) outside display options.)

nanotechnology

26
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/ Keywords+

* Nanocoating ¢ Functional Nanostructure

¢ Nano-encapsulation

Molecular coating
Polymer coating
Plasma and vacuum

e Surface characterization

coating > Nanostructure thin film
Chemical vapour o QOrganic semiconductor
deposition (C.\'/D). syntheses

Surface modification

o Funtionalized nanoparticles

Photocatalysis :
o Nanocomposites

Drug Targeting
Encapsulation process
Polymeric nanoparticle

Nanodelivery systems of
bioactive compounds

Electrospinning

*QObtained from NANOTEC




Procedure

'+ The keywords were used to search
against IS| Web of Knowledge
 Citation Database

« Science Citation Index Expanded (SClI-
EXPANDED)

» 2001-present

* The results (full records) were collected
and were subjected to bibliometric
analysis using VantagePoint.

29

~ « TS=(nanocomposite*)
« TS=(nano* AND electrospin*)
« TS=(nano* AND encapsul* AND process)

 TS=(nano* AND deliver* AND bioactive
AND compound*)

« TS=(nano* AND photocatalysis)
« TS=(nano* AND polymer AND coating)
- etc.

30




VantagePoint

+ A text-mining tool used to navigate
through large volumes of structured text

to see patterns and relationships.

- VantagePoint Reader can be used to
retrieved the results of analyses.

31

Search results

e Chemical vapour
deposition : 1,291

e Drug targeting : 1,079
e Electrospin: 2,014

e Encapsulation process :
958

e Functional nanostructure
:1,025

e Functionalized
nanoparticles : 7,170

e Nanocomposites : 4,965

Nano* deliver* bioactive
compound* : 29

Nanostructure thin film :
677

Photocatalysis : 1,764
Molecular coating : 584
Polymer coating : 1,502

Surface characterization :
7.286

Surface modification:
5,236

32




Bibliometric analysis

/

Mumber of Records: 9=B—5u.ume_tzﬂlﬂ.na&e_|5|_m}5_9mzm3—|
Source Date:  Mar 09 20 |__Iincapsulation-process-1-95
_— Reset Descriptors 12| 3| 4| 5| 6| 7| 8| 9|10( 11
iel
#Records | 1| 2| 32| 34| 63 84| 12| 13] 19| 25| 37
Abstract (NLP) (Phrases) " R
= Show Values >=1
Author .E =
Author Affiliation (Name) a é Cooccurrence
Cited Reference Count E B # of Records ~
Country = E- =
Descriptors =
Document Type 1 &1 | 81 | Nanoparticles H 1
Identifiers 2 52 | 52 [ Encapsulation g
Journal 3 28 | 28 | carbon nanotuf g
Publication Type oo - a
Publication ear 4 25 | 23 | chitosan £ [~
- g
Source 5 24 | 24 | Drug delivery é zlzlslalzlzlel gl =]
Emrlﬂesﬁft&d 3 19 | 19 | Naneparticle = 2|R|8|8|&|8|8|R|8|&|&
e i
T T <
Title (MLP) (Phrases) T 19 [ 19 | Silica 1 81 | Nanoparticles B : B 13|14 |13 (185
I IR IS o 7 e TElelelr Tl o2
carbon nanoiubes
9 1717 c:cfntrull&d relea n 26 | chitosan 7 S T3 213 (87 1
10 13 | 15 [ microspheres 5 24 | Drug delivery 2 |2 3257 [3
11 14 | 14 | Microparticles L] 19 [ Nanoparticle T3 4 |4 (4|2
12 14|14 | Nanocomposite| |- ol s T2 1555
- 8 18 | PLGA 11 ]z a3 |14 ]2
13 14| 14| nanocomposite] Ty 17 | controlied release 21 [z[3[1 [3 ][5
14 13 [ 13 | Microencapsuld |10 15 | microspheres 1 |1 z |1 |2 |3 |35
15 12 112 SElf—ﬂBS&I‘I‘II}W 11 14 | Microparticles 2 1 5|12 |3 |1
12 14 | Nanocomposite 1 [1 4 (4[4
16 11 11 NﬁnuStrUdures 13 14 | nanocomposites Z |4 |1 3 |3 (1
17 1111 | nanotechnelegy 44 |43 Microenc i 2 1 a1 [2
18 1111 Sul_gel 15 12 | Self-assembly 1 3 (1 [(11]3 (3
19 10 | 10 | carbon nanotub 16 11 | Nanostructures 1 3|4 |2 |1
- - 17 11 | nanotechnology 1 |4 |1 |2 |3
20 1010 | insulin 18 11 | Sokgel 1 11 1|2 |2 |3
A 21 10 | 10 | morphology 19 10 | morphology 103 4 |1 |1
. ,
l-(Descn%tors—Authors ferrs 10 | 10 | nanocapsules 20 10 | nanocapsules 1 (2 |4 |2 1
eywords - 21 10 | insulin 12 |1 |4 |2
«Identifier = Keywords Plus = 9 |9 |chemical Vapor| =55 carbon nanctubs s 2] |2
23 9 | microstructure 1|2 113 |2
4 | v |4 List:Descriptors /\ List:|dentifiers ,\Matrix::Descﬁplors:items}xPuhI\cation Year

Chemical Vapour Deposition (IDxPublication year)

34




Chemical Vapour Deposition (DExPublication year)

Drug target

36
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Encapsulation process

e The keywords provided can be employed
for bibliometric analysis to some extent.

e Refining, with inputs from experts, is
needed for further analyses.
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Patent Activity*

= 3 key areas of activity %

= Materials

» Metals, metal salts (e.g. oxides, sulphides and selenides)
and carbon nanotubes

= Manufacturing Processes

» Vapour phase (chemical and vapour deposition), together
with precipitation, surface treatment and a number of
other innovative techniques;

= Applications

= e.g. electronics, medical systems (bioassay, drug delivery,
diagnostics), optics and composite materials.

= Limited to patent applications including the terms
‘Nanoparticle’ and ‘Nanotube’ and as such is by no means
comprehensive but hopefully provides a snapshot of current
activity.

* Horizon Scanning Intelligence Group, Trends in Nanotechnology, Health and Safety Executive, September 2007

Nanotechnology Patents 2006-2007

e Starting to shift from the development of
new materials and processes more towards
the application of the technology to a wide
range of products.

30

25

=]
=]

No.Patents
]

&

cn
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4 e O & & & &0 B AR
\gb 3\)(‘ ?‘0 G_,e'q O(-’ ‘;0 0@“‘" @ QQ; “@ vﬁ‘ \Sb 3\)0 5&

ONovel Process/Materials

EApplications

Month
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Patent Activity by Application

Jan-July 2007

e New product applications focused mainly on the areas
of electronics and pharmaceutical/healthcare.

e In the first 4 months of 2007, both areas accounted for
~ 80% of the new application-related patents

Other
15%

Energy
1

Structural Mats.
8% Electronics

54%

Pharma/Health
18%

43

Current Market Applications

e March 2006 - May 2007, the number of
products listed on the db more than doubled,
from 212 to 475, growth seems to continue.

e ~ 60% of the products on the market at present
are found in the “health and fitness”

e include e.g. cosmetics, sports goods (golf clubs, racquets etc.),
sunscreens and clothing.

e Other categories with similar growth rate
include electronics and computers, automotive
components, items for the home and garden
and the food and beverage sectors.

44




Nanomaterials Usage

= At present, the largest and fastest growing material used is
nano-particulate silver as anti-microbial agent in a wide
range of products
= wound dressings
= fabrics and coatings
= food supplements
= pet products

w0 Silver

EMay07
W Nov'06

CNTs/Fullerenes

Silica
Zinc  Titanium Dioxide

’ Gold
. Cerium Oxids
U i

45

It is predicted that applications of
the technology in the electronics/
semiconductor and pharmaceuticals/
health sectors will come to dominate
in terms of sales.

e By 2012, these industries are The Nanotechnology Market in 2012
expected to account for around 80% (Source: Cientifica)
of the Nanotechnology market value.

e The trillion-dollar market is expected perobetence
to be achievable by 2015. Ao 5%

Chemicals
13%
Conglomerate
1% \

Semiconductors

Pharma/Health
16%

Food

1%

Electronics
8%

54%
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angalznilAuaInnsaIsIAnail

o nMshitiatuanit (Anonymity)
o nsiloundulaufin1sAIUAN (Controlled Feedback)

e AMSVinaiN (Iteration)
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(hotNeiamN (statement) wazialunisdarsramail*

Technology to detect a cancerous tissue of the diameter 2014 2023
smaller than 1 mm presenting anywhere in the body.

Bioinformatics that can predict the risk of cancer and 2014 2023
lifestyle diseases based on genetic, background, etc.

Elucidation of all molecular mechanisms to explain the 2015 -
cell cycle in higher animals (human, mouse; for
application to cancer treatment).

Technology to freely cause to survive or remove 2019 2031
specialized cells in vivo, based on elucidation of the

molecular mechanism of apoptosis, in vivo (for

application to therapeutic agents for cancer and illnesses

based on inability to maintain homeostasis).

* Source: The 8t science and technology foresight survey - Delphi analysis. NISTEP, 2006.
aTime of technological realization
bTime of social application




shatinaomInu (statement) uazualunisdrsranail

Effective cancer prevention measures can be 2020 2030
implemented by clarifying the relationships among
multiple environmental risk factors associated with

cancer.
Effective technology to prevent cancer metastasis. 2020 2030
Treatment methods that normalize cancerous cells 2022 2032
by controlling signaling and leading cancer cells

towards

proper differentiation.

AWPUIAR (scenario) @aazls

. Foaannansaidmduly1dTuouran vinTu
ausniuaurn1stdunnlulaaansning

- anwaurandaFosiduasild (plausible) filas
ANy (expected) naaniadsaziu
(preferred)

- ondunniadsraa wao hinalscaae

- awaurantdunisadnadanaunnn tNowWasu
aulsiniiuon (uncertainties) annnlsanAu
uaialdizau

- awauIAnadsNa MM lalAs AUl R unins
VOIUSIHANA U 151 lUgouan
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ELEMENTS OF LIFE

HIGHLIGHTS

OVEL 50LUTIOMS
Membwmne systems will tronsform
e brews into drink e
L s and regions hif by
v disosters. Arges 68, 78

D INFO RMATION
kotors will corloulate the woste-
et of entire sewoge

PRECIOUS COMMOMTY
Catherine Doy, Genanml Director of
the ELFs Diseciovate Geverl for Evvi-
ronment, says thot woter shontage:

e ol o prodlem in e ELI. Pog,

SHOT OF QUALITY
Production of tom omow's pharmo-
i i ill b sl
moitore k
systam < in reol tir

FIGHTING S00T

New artkysts will @dince 2micsions
of spot ond other pollutonds. And to-
mawrowr’s Fluronescent domps will ghow
weithout rsing mencury: Poge 84

- River of Life

Its 2020, and indin has been spactaculary Ganges fiove © tiogpinhy B
succeseful in improving the quality of its water o
treatment systems. The Ganges, Indin's socred 0 qh',‘:w

river, hos benefited from this progress — o g e sffecs of B0 cppmsmie
twor studients from England decover..

Milaad that's what my father ioid

d i ks for @ Jong time. Let's it
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Asia-Pacific 2
Economic Cooperation N
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The 2050 Scenario: Low Carbon Society

| High Quality Lifestyles for the Asia-Pacific
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The 2050 Scenario: Low Carbon Society

| High Quality Lifestyles for the Asia-Pacific
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The 2050 Scenario: Low Carbon Society

High Quality Lifestyles for the Asia-Pacific

ANWIA 3:
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The 2050 Scenario: Low Carbon Society

| High Quality Lifestyles for the Asia-Pacific
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The 2050 Scenario: Low Carbon Society

High Quality Lifestyles for the Asia-Pacific

AAN 5 ANsAN uazusns
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Roadmapping Converging Technologies to Combat Emerging
Infectious Diseases

2006
APEC Center for Technology Foresight
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unuitmnawmalulag (Technology Roadmap)

Pmdnmpmnu helps
anticipate obstacies ang
select the most affic fent
route throu O

ISsues and ajte

/ [g attain the de:

e Roadmapping supports planning and good decision making.

e Roadmapping helps anticipate obstacles and seeks most efficient
routes through complex issues.




ASsASLHUAIanalulad (Technology Roadmapping)
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HUNARANFIAVIN LN UNLEI NIV TUINATU AL

National and Global S&T Agenda (from various source  S)

Demand-Pull v

TARGETSs (“Technology” targets and “Application” tar gets)

Supply-Push v

Role of Nanotechnology in those targets

Existing and Future '!

Expertise and Resources

Role of Thailand/NANOTEC

Y

Nanotechnology TRM

87
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Revisiting National Nanotechnology Technology
Strategic Plan Roadmapping

2007-2013 and Master Plan (2007-2011)

Analyzing Global Nano
Science &
Nanotechnology Trend

Jn0) —9M9 ) AUigUSt 09




National vision

Industrial Strong Grass-root Learning Society Good Quality of Life
Competitiveness Economy

1 ) Clusters/Public/Environment

Electronics Automobile Chemical/ Agriculture& Health & Energy &
Petr(')I'Chet:nlcaV Food OTOP Medical &: Environment
extile

Niche Areas

Sensors Nanoelectronics Drug delivery Nano coating Absorbant/fillter/ Cosmetics
devices system materials catalysts materials

Core technology

Nano-biotechnology Nano-electronics Nano-materials

: ~_Nanosciences: : :
Nanomechatronics, Nanofabrication, Quantum Phenomena, Molecular Dynamics, Nanobiology

Enabling Factors: Clustering approach

47 Manpower ‘ r%ublic awareness ’ R&D ‘ Infrastructure

NANOTEC Strategic areas: 2007-2011

Textile

Cosmeceuticals
Technical &Functional ] Healthcare
Nano-emulsion and Nano-
- Bi-component fiber el Medical therapeutics of
(pilot scale) > jn‘:‘glsciﬁfvci?r’:‘%'hai important diseases Taraeted
- Applications B ives - Drug delivery system applications

- Medical applications ->Specific targeting

- Nano-capsule for
Thai fragrance

->0Organic solar cell

- Apparels &
non-conventional

R Reckaging —>Environment sensors

- Controlled/sustained

released technology - Diagnostics
Nano-encapsulation | (=) Nano-coating =) Functional
nano-structures

Nano-measurements & Nano-characterizations

Nano-Safety




NSTDA Strategic Clusters

Foods &
Agriculture

Automotive

Textiles

Rural communities
& Underprivileged

Software, Microchip
& Electronics

Platform Technology

Each cluster has Wildly Important Goals (WIGs)

91

Cluster

Program

WIGs
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Structure of nanotechnology-related sciences
publications across disciplines, 2005

Radiology. nuciear medicine and medical
imaging |

Medical sciences

0 Engineenng. electrical and electronic

o]

Physical sciences
Source: Rafols and Porter (2008).

Share of patents in nanotechnology sub-areas
by main application field, until 2005
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Electronics Instruments Chemicals Pharma. Industrial Machinery Consumer
biotechnologies Processing goods &

equipment

Source: OECD Patent database, January 2008
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Public R&D investments in nanotechnology, 2004

Source: EC (2005).

United Kingdom
taly

Belgium
Indonesia

Israel

Canada
Netherlands
Ireland

Absolute investments

Per capita investment

New Zealand
Finland
Netherlands
United Kingdom

Switzerland

Austria
Luxembourg
Denmark
Sweden
Canada
Italy
Norway
Lithuania
Malaysia
Spain
Slovenia
Romania
ndonesia
Ehaa
South Africa

Latvia

ndia

Spain
Brazil
Finland
Switzerland

Denmark
South Africa
Norway
Lithuania
Poland
Greece
Argentina Portugal
Czech Republic Brazi
Portugal Czech Republic
Slovenia Mexico
Luxembourg Argentina
Latvia India

)

500 1000 4 § 8

Million euros Million euros/per capita

NANOTEC Manpower Analysis

Nano
Coating

Nano
Encapsulation

Functional
Nanostructyre

Others

-
Researcher = .
er=4 Researcher = |2 Researcher = 9 -

J ) :

N\ ™ A
Assistant Assistant Assistant Assistant )
Researcher =5 Researcher = 9 Researcher = 'IJ Researcher = |

) _—

Total Nanotec Manpower =

Total Researcher Manpower = 28

Total Assistant Researcher Manpower = 27




Technology capability of NANOTEC staff

Functional

Nano-Coating Nano-Encapsulation
Nanostructure

i Caleulation

Inclusion

Solid Llplt_i__.-" Emulsion

¥ fabrication,

* lonic e integration

PhD staff = 28 Researchers
(each has more than one capability)
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Technology Platforms

Functional

Coating Encapsulation | - ctructure

Encapsulation/

Incorporation &

. release
Functional technology
A

Coating

Synthesis of
\ ) Control & nanocatalyst or

release i
. functional
technology molecules

\. <

Photo-catalysis
coating
technology

Fabrication
process for
& y nanostrutures

ﬁ




Integrated TRM for NANOTEC

Drug delivery system
Food processing & storage

Vector & pest detection/control
Disease diagnosis & screening
Energy production, conversion & storage

Water treatment & remediation
Agricultural productivity enhancement

B coating L | Target |
D Eeapsulation ) | Target |
. FunctionalNanostructure  , Target |

R&D
Agenda

Core
Technology

Core
Knowledge
Tools
Budget
Resources Manpower
Equipment | Based on the requirement of Lab/ Project/ Program
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Drug delivery system

2010 2011 2012 2013

Drug delivery system

Nanocapsules, liposomes, Dendrimers & Nano
bio-magnets for slow and sustained herbal /

Rrgeted release of drugs and vaccines
Frnc.tional hotocatalytic
Coating Techne Loating Technology
. Target&
Encapsulation Control & Release
Technology elease Technology Technology
N/ Design of functional \Synthesis of o
molecules & nanocatalyst or Fabrication process for
nanostructures functional molecules nanostructures
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Vector & pest detection / control

2010 2011 2012 2013

anoparticles for pesticides, insecticides and insect repellents

Nanosensor for vector and pest detection

A

Textile for vecibm%)ntrol 7

Functional » Photocatalytic

Coating Technology  Coating Technology /
. Target&

Encapsulation Control & Release

Technology Release Technology Technology
Design of functional Synthesis of N

X 4 molecules & nanocatalyst or Fabrication process for

nanostructures functional molecules nanostructures
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Disease screening, diagnosis & Health Monitoring

Disease screening, diagnosis & Health Monitoring

Heavy metal nanosensor J
Antibody-based nanomolecules for therapeutic of Cancer and
infectious diseases r 4
Pathogen nanosenso 7
partigle for in situ monitoring
\ (e)&g cose, choles! erol)@ /
Functional ' Photocatalytid
Coating Technology f Coating Technology
kY
. Target&
Encapsulation ContIl & Relbase
Technology Release Technalogy chnology /
4
N Py ; Synthesis of
Design of functional y o
molecules & nanocatalyst or Fabrication process for
nanostructures functional molecules nanostructures /
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\L—w____/ Target

— AT
L Functional Nanostructure D (e
Core = —
Knowledge
Tools
Budget
Resources Manpower

Equipment Based on the requirement of Lab/ Project/ Program

This is a'living technology roadmap
Still a work-in-progress
Need to be further refined 103

The Generic Foresight Process Framework

inputs Strategic intelligence scanning, Delphi

analysis

Emerging issues/trends analysis

prospection

\
m
=)
interpretation | & Systems thinking, Causal Layered Analysis
E
J

Scenarios, visioning, backcasts, roadmaps

outputs Reports, presentations, workshops, multimedia
‘ Strategy development & strategic planning:

| individual, workgroup, organisation, society,
strategy etc.

Nares Damrongchai

Source: Voros (2003)

APEC Center for Technology Foresighte2o10 104
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Political Map of the World, June 2002
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Global Risk Landscape 2009
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an2dwniddu (Desirable Career) dusuauias dusuuns
(For yourself) (For
son/daughter)

wwnel (Doctor) 4.1 21.1
1n113/611533 (Soldier/police) 11.0 17.3
a3/a115d (Teacher/professor) 18.9 16.5
ingsfia (Businessman) 25.0 8.5
wenuna (Nurse) 6.5 8.0
3105 (Engineer) 5.6 7.5
annguune (Attorney) | L 3.4
Asun1s/s53anAa (Government official) | L.l 2.4
"nmaunitnas (Computer officer) 2.9 2.4
Uniu/&3ie/uasiasad (Pilot/steward/air | L.l 2.0
hostess)

wnenasns (Farmer) 4.7 L
1innswidag (Politician) .7y
finiieyd (Accountant) 26 L.
InInendanas (Scientist) 0.9 0.7
auq (Others) 16.1 10.2
smivuua (Total) 100.0 100.0

OECD

it

Level 5

Level 1

e

Science Level 6
Student can consistently
identify, explain and apply
scientific knowledge and

knowledge about science in a
variety of complex life

situations

Science Level 1
Student have such a limited
scientific knowledge that it can
only be applied to a few, familiar
situations

Below Level 1
Unable to use scientific skills
in ways required by easiest
PISA tasks.

OECD (2007), PISA 2006 - Science Competencies for Tomorrow's World, Table 2.1a




Flow of R&D Money (Thailand) 2005

Government* Enterprise Overseas
8,768 MB (53%) 7,592MB (45%) 306 MB (2%)

@i

ﬁj 2

~l

Public Institution University
3,607 MB (22%) 6,381 MB (38%) 6,679 MB (40%)
fiun: dnouaaenssuATITELeTng wasdinuiaiuInemmaasuannatuladunoma 115
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R&:D Personnel (FTE)
6.7:10,000

¥ bt

: - R&D expenditure
R&D /GDP =1 % el I;esrit())n(;\:(: (FTE) (Private: Government)

70:30

R&D /GDP = 0.21 %

wWhvinnwid w.e. 2559

afayaannsIsumMsarse Idansuazuaainsmns IMD Average: ® R&D / GDP = 1.04%
dpuaniciunwalsavalneyssinil 2552 ® R&D Personnel = 25:10,000
OR&D Exp = 18,225 MB ® Private : Government = 70: 30
OR&D Exp : Gov : Private =10,005:8,220 MB

O®R&D Personnel = 42,624 (man-year)




% (R&D/GDP)

1.00
[=1a)
0.60 ——Path 1
Path 2
== Path 3
.40
G20
0.00
2554 2555 2556 2557 2558 2559 Year

ia;q;aﬁlﬂﬁﬁﬁmm : R&D expenditure (m‘ﬂu.),%?ecasted GDP (IMF)
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FTE Per 10,000

15.0

14.0
12.0

= Zath 1

Sath 2

10.0 == Sath 3
8.0
5.0

2554 2555 2556 2557 2558 255¢ Year

dayafilddiwin 7., 7T uazlienzilay o

l,l,u'mw"lﬂgﬁ“]'mu'mﬁ'mﬁ'\ﬁmu (R&D Personnel)
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+ Roadmapping Converging Technologies to Combat Emerging
Diseases. APEC Center for Technology Foresight, NSTDA. 2006

« The 8t science and technology foresight survey — Delphi
analysis. NISTEP, 2006.
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