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Exhibit 1

Gross Domestic Expenditure on R&D (2001-2005)

2005 GERD by Sector of Performance

Private Non-
_— profit

1%

Government

Gross Domestic Expenditure on R&D (GERD) and 17%
GERD/GDP (%) for 2001-2005 Business
Enterprise
r 03 44%
20,000 { Higher Education
T ./.\I 0.25 38%
K | g
@ 15,000 02 &
< =
S a
2 015 ©
T 10000 3
B 01 &
= ©
w 5,000 0.05 )
© - 2005 GERD by Funding Sector
0 Abroad :
Not specified
2001 2003 2005
| 2% r_
N GERD 11,065 15,499 16,667 Private Non-
~#—GERD/GDP (%) 0.22 0.26 0.24

Government
31%

X . . . . Business
Data Source: National Research Council of Thailand and National Science and Enterprise

Technology Development Agency 49%
Note: for funding sector, Higher Education figure should be interpreted as part of

Higher

Education
Government sector as most are from government budget 15%

4. Tugdaeszazingn 5 Uikunnrean19d19adn anauazyAaInan1saE LAz W
we9tlszinalull 2544 2546 uaz 2548 AatiAnldanansaduuas MBI ARLARI W

NIAIINTaLsTINA  (GERD/GDP) fl9AsilAagse1dng  0.22%-0.26% AN

¥

Flnunen 0.4% 1nauwinea luanenlull 2548 11 n1sasaluniaanaugapaitlu
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mmvgL‘]'“]umem@Nuﬂ?zmmq@ﬂﬁz?h 02899 UL (UseNnnd 45-46%) (Exhibit 1)

o

ieasundeyautssiniuduiiu Na3gin1sdnasssutlszatudmiunisie
LAz (Government Budget Appropriations or Outlays on R&D, GBAORD) 7
Wna lutastl 2546-2550 IneLede 27% siatl (CAGR 2546-2550 = 27%) (Exhibit 2)
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Exhibit 2
Government Budget Appropriations for R&D & Flows of Funds from
Key R&D Funding Agencies (2003-2007)
Ministry 2003 2004 2006 2007 1.40
. £ 20,000 u | | 1.20
Public Health 1,826 2,486 2,331 3,324 ® 2 ™ -
W g r 100 @
° o u o0
) 2 = 15,000 ]
Education® 1,215 2,342 2,940 4,979 = E - 080 a
= L o
Science & Technology 1,447 1,938 2,195 2,621 £3 10,000 060 2
3 r 0.40 ;
Agriculture & Cooperatives| 1,573 1,135 3,297 3,226 © 5 5000 | 0.0
£ .
Office of Prime Minister? 2,023 2,049 1,781 2,341 0 - 0.00
2003 2004 2005 2006 2007
Other Ministries 704 662 734 1,421
Others® 482 986 939 995 Agency 2004 2005 2006 2007 2008
Total 9,270 11,598 14,216 18,906 NSTDA! 1,360 1,488 1,697 1,912 1,910
TRF 1,049 1,137 1,188 1,204 1,297
% of Total Budget 0.93 1.13 1.05 121
NRCT 881 785 800 602 602
Source: Bureau of Budget: compiled by NRCT and NSTDA
Notes: 1 — Ministry of University Affairs was merged with Ministry of Education in HSRI 97 &9 n 9 120
2004; 2003 data is from combined budgets
2 — Includes Thailand Research Fund ARDA? na na na na na
3 — Include National Research Council of Thailand
4 — 2005 data are not available Total 3,387 3,499 3764 3817 3,929
Source: this study’s survey
Notes: 1 — NSTDA acts both as a funding agent and a performing institute
2 — ARDA received a block grant of 3,600 million baht in 2003 to be
an endowment for annual funding from interest

5. neaauluniddeuasimuIniagpatrnssnlunAenauiieglussAunniie
NHLAUNARAUTINIATINTRIGARNANTINIU 7] AUTU §RAIUNITNEUEUG T
A LA TUN 1T UA T WAI U/ NARA T NIATINTBIGAATUNTNET UL WA

(BERD/Sector GDP) 7 0.12% (Exhibit 3) LaraAsAnuniEiafeuiuunalssna

" A11a8e GBAORD/GDP (2005) 184 EU27 = 0.74%, ft]u = 0.71% uwazanigawdsni = 1.05% (Eurostat, 2008)
? sutlszinnddeludauaes amd. savisdaud aame. A1fiunnaies uasidnass iuuimiseAdiuniduan °
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Exhibit 3
Business Enterprise Sector R&D Expenditure in 2005 for Top 20
Sectors

million baht
0 200 400 600 800 1000 1200 1400
, . . , , , , BERD/sector GDP
Sector (%)
Machinery and equipment, n.e.c. 1.09
Food & beverages 0.27
Chemicals 0.48
R&TV and communication equipment 0.44
Leather products and footwear 0.78
Non-metallic 0.39
Motor vehicles 0.12
Textiles 0.20
Paper and paper products 0.55
Other business activities *
Research and development *
Rubber and plastics products 0.13
Fabricated metal products 0.17
Post and telecommunications *
refined petroleum products 0.05
Basic metals 0.22
Electrical machinery 0.13
Computer activities *
Furniture 0.01
Publishing & printing 0.13

Data Source: National Science and Technology Development Agency, NESDB, this study analysis
BERD = Business Enterprise Expenditure in R&D; * = service sector
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Exhibit 4

selected countries (2005)

Thailand Business Enterprise Expenditure in R&D: Comparison with

Million PPP USD-Current Price

Sector Thailand Turkey Korea UK Sweden
Population (million) 65.00 72.30 60.10 48.30 9.00
Machinery and Equipment 82.10 174.00 1,074.50 1,174.20 670.40
Food Products and Beverage 67.77 34.40 296.40 433.40 55.30
Chemicals, Rubber and Plastics 61.33 152.40 2,259.50 6,794.40 1,145.50
Textile, Leather and Footwear 52.23 43.60 114.70 28.50 12.00
Egﬁ:gmﬁf;’ﬂ": a”;gg;“m””ica“"”s 39.52 196.20 11,200.40 1,280.00 1,610.90
Other Non-metallic Mineral Products 26.19 37.60 158.30 69.20 21.40
Motor Vehicles 18.40 371.40 3,536.90 1,169.80 1,377.00
Wood, Paper, Printing and Publishing 17.99 8.40 39.70 81.70 191.30
Fabricated Metal Products 8.08 15.00 127.80 116.20 83.10
Basic Metals 3.57 15.30 414.80 66.50 151.60
Electrical Machinery and Apparatus 3.26 46.30 465.60 627.00 151.90
Furniture, Manufacturing n.e.c. 1.75 5.80 64.60 41.30 32.50
e A O 1.45 10.10 236.80 701.40 402.20
32?;;@?;0“”“"9 and Computing 1.03 0.60 373.70 94.90 74.00
Other Transport Equipment 0.31 35.50 478.70 3,622.80 273.50

Source: OECD ANBERD Database (2009), World Development Indicators (2006), this study computation

Exhibit 5

Thailand R&D Personnel (Headcount) (2001-2005)

80,000
. 70,000
S 60,000
S 50,000
o
S 40,000
x 30,000
20,000
10,000
0
2001 2003 2005
[ Supporting Staff 13,205 18,867 11,373
M Technician & equi 21,713 27,467 22,419
M Researcher 30,941 29,850 34,084
Thailand R&D Personnel (FTE) (2001-2005)
__ 55,000 = 35 4
g as000 — 3 3
[ = 2
= 35,000 r 2'5 &
3 L
T 25,000 8
H 15 9:
g 15,000 b1 2
a 5000 Los %
-5,000 0 s
2001 2003 2005 ﬁ
[ Supporting Staff 7,191 11,126 5,941 ©
B Technician & equi 7,110 13,139 10,520
B Researcher 17,710 18,114 20,506
—fz=Researcher/10,000
people 2.84 2.87 3.29

Structure and Trends of Thailand R&D Personnel (2001-2005)

R&D Personnel (Headcount) 2005

Private Non-
profit
1%
Business
Enterprise
19% Government
26%
Higher
Education
54%
R&D Personnel (FTE) 2005
Private Non-
profit
1%

Business
Enterprise

23% Government

27%

Higher
Education
49%

Data Source: National Research Council of Thailand and National Science and Technology Development Agency
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Exhibit 6

Trends in Thailand Publications in SCI 2003-2007

4,500

4,000

3,500

3,000

Number of Papers

2,500

2,000

1,500

1,000

500

0

2003 2004 2005 2006 2007
M No. of Publications 2,283 2,397 2,795 3,075 4,215

Source: wivdadiiinarmansuazimaTuladuaslsemeneg I 2551, dmg.
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Tug291] 2546-2550 n3RRNWHANTINELAZ WU IANN1T81 e FfaatNasaLiiag

(Exhibit  6) Ineiannz1ull 2550 An19ARNNIIN987178 NAANTUANTI ABUUTIN
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@?J'Nflﬂ/ﬁlmm&l (37%) lu4tl 2551 Pharmacology & Pharmacy; Infectious Disease;
kA Public, Environment & Occupational Health ﬁm@miﬁﬁuﬁﬁlﬁm%m@ﬁu 3
AUALWINURILTZNA (Exhibit 7) N1FIRLAIUINLNANGATNITUANE WAZNET A RS

dluananiaanuidselneimay 3auanain 3 @19169na19 Biochemistry & Molecular

aa

Biology &% Immunology fANAIUANKWa lusyaAlIge Anaisanan NRNIIWELN
wlasuutlasliagnsannludiaszezioan 5 Tituun Tnaleny Biotechnology &
Applied Microbiology; Material Science, Multidisciplinary; Engineering, Chemical
uae Veterinary Science Hufiu n13amseiluszauanenisnnig daalindnlais
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Exhibit 7

Changes in publications outputs ranking in top 20 subject
categories as published in I1SI WOS in 2008 vs. 2004

Changes in Subject Area Publication Ranking 2008 vs. 2004
(Record count in 2008)
2004 Rank
8 6 4 46
09
257 L2
243
235
; 2
Rank08=11, VETERINARY SCIENCES | 7 g2
Number of record counts in 2008 = 177 192 a -
Rank04=26 ford T 79 —t—— &
1758 s 12— 8
147 \mx - 14—
14 1 ':—16—
14 18—
117 -~ 20
2
24
Rank08 SUBJECT CATEGORY Rank08 SUBJECT CATEGORY
1 PHARMACOLOGY & PHARMACY 11 VETERINARY SCIENCES
2 INFECTIOUS DISEASES 12 ENVIRONMENTAL SCIENCES
3 PUBLIC, ENVIRONMENTAL & OCCUPATIONAL HEALTH 13 POLYMER SCIENCE
4 FOOD SCIENCE & TECHNOLOGY 14 TROPICAL MEDICINE
5 BIOCHEMISTRY & MOLECULAR BIOLOGY 15 CHEMISTRY, APPLIED
6 IMMUNOLOGY 16 CHEMISTRY, MEDICINAL
7 BIOTECHNOLOGY & APPLIED MICROBIOLOGY 17 PLANT SCIENCES
8 MATERIALS SCIENCE, MULTIDISCIPLINARY 18 CHEMISTRY, PHYSICAL
9 ENGINEERING, CHEMICAL 19 PHYSICS, APPLIED
10 MICROBIOLOGY 20 ENERGY & FUELS

Source: ISI Web of Science, Authors’ analysis

ludauresdnsing maﬁ'ummmaw%ﬂmmmﬂﬂﬂ/]ﬂﬁ%ﬁ@?ﬂi&i;ﬁﬂﬁﬁ fitlazanoy
14% 189n1sEueandnainslussinavianualudl 2550 (Exhibit 8) A U41N1308N
ansnsluusiazildsnaiiudadaufinniedisufuduauiiduseluusiazd) il
2550 @gjﬁ' 13.9%  Twanisdl dndausesniseananitnsresaulnasdenisaan
andalmsvianualull 2550 Thurinfiu 12.4% dudagauniseanavsinsgesnulng
siensiiuanandniiinsresaulneniy @gj‘ﬁ' 12.5% tlyniarnuandnlunisnsqase

duilesnandedinsunindsypainszeaniady iudoyuisesauisiewily
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Exhibit 8

Total and Thai Patent Applications and Patents Granted 2003-2007

Total vs. Thai Invention Patent Applications Total Invention Patent Applications vs. Granted
8,000 8,000
7,000 7,000
6,000 . 6,000
Invention 5,000 Invention 5,000
Patent 4,000 Patent 4,000
Applications 3,000 Applications/ 3,000
2,000 Granted 2,000
1,000 1,000
0 0
2003 2004 2005 2006 2007 2003 2004 2005 2006 2007
M Total Invention Patent B Total Invention Patent |
Applications 4943 | 5373 | 6340 | 6261 | 6818 Applications 4943 | 5373 | 6340 | 6261 | 6818
Thai Invention Patent Total Invention Patent
Applications 802 819 891 1,040 945 Granted 1,006 716 553 1121 948
Total vs. Thai Invention Patent Granted Thai Invention Patent Applications vs. Granted
1,200 1,200
1,000 1,000
Invention 800 Invention 800
600 Patent
Patent Applications/
400
Granted Granted 400
200 200
0 0
2003 2004 2005 2006 2007 2003 2004 2005 2006 2007
B Total Invention Patent m Thai Invention Patent
1,006 716 553 1,121 948
Granted A , Applications 802 819 891 1,040 945
Thai Invention Patent Thail tion Patent
Granted s6 57 62 18 18 e e 56 57 62 118 118

Data Source: wivAasaiiinadansuazinaTuladvavlsamdng 1 2551 (qndiayansundwaaunivileyey)

[ %

TUATNTINTBIA DI UN N LA ANITALTRUNITIAIT L UL VRIUTEINA AN LA A

v
o A o ° o

TnadatiainndnAnylutl 2548 (Exhibit 9) Teaginisueunausainanaesszuy

o

Adeastsznelng dudszmeivautinuluaday @ide tay EU25 LeUantiNAany

|

Andusedoulunisvmuissuuidevesdseina Ineanizludiunisasnulunig
FRuarimwn AcuAlliuNIREWIINATWIWINIdEeass A uazausennn

a o dl 1% o | =3 | 1 dl 4 a ' a o a
N1339uNaanAfa iU dul s iU AIUNFRINENEAIERT LNUN1TITY UATH
Wnsngaesnisanfiunislunsazlndaiau wiennunisiivuasulszanmnig

atiuayuatesiaiiieg

91ENBHANNTIAEILsvanT] 2551



UN@gUdmiLELEIg

Exhibit 9
Thailand key R&D indicators (2005) in comparison with selected
countries

Key R&D Indicator Thailand Malaysia China Singapore Sweden EU25
Average
Gross Expenditure in R&D
(%GDP) 0.24 0.63 1.34 2.36 3.86 1.85
Business Enterprise
Expenditure in R&D (% Total) 44 72 68 66 65 55
Researchers (FTE)
per 10,000 population 3.29 4.96 11 65.8 80.3 225
Researcher (FTE)
per 10,000 labour force 5.68 11.69 18.85 90.1 120 56.14
Publications in SCI 2,795 1,794 77,377 7,165 17,307 (234,868)
Publications in SCI per 43 62 59 1,667 279.48 509
Million of population
Patents Filings by Residents 13.87 20.37 71.66 130.76 1504/x/10 72.4
per 100,000 population
Patents Granted per
100,000 population 0.095 0.14 1.59 19.57 16.71 6.07

Sources: Thailand: NRCT and NSTDA; Malaysia: MASTIC (2004); Singapore: ASTAR; Others: OECD MSTI (2007), Eurostat; WIPO; and
this study computations

[ [.% a o
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Exhibit 10
EXTERNAL SYSTEM ENVIRONMENT

National Renewable Energy
Research System

. J

Policy & Ministerial

. Funding Execution Transfer Utilization Impacts
Resources Strategies
Policy System
> Resource Environment Investment HR/Knowledge | | Trade Related
Development Management Promotion Management Policies
Ministry of
Education RRcy
University Economic
Gover_n ment 9 Agriculture Development
&Parliament Ministry of Institutes
Science NSTDA »
&Tech Social Well-
Government Manufacturing being
NESDB ~arch
Institute Brokers
—-> Ministry of TRE -
Energy
Budget NFP Services
—>
Bureau S
Ministry of Institutes
Markets/
Agriculture NHSRI
Demands
& Coop.
SOE Private
A —>
NRCT-NSTIC 3 Fewier
Institutes Research
Other
Ministries R
Infrastructure
g U IPR and
STI Financial I EfEEEn Standards Others

Source: Adapted from SVI
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Exhibit 11

Renewable Energy Research Organization Taxonomy

[}
? PROGRESSIVE PRODUCTIVE
-
« Critical mass can be « Advantageous both in terms
advantageous of economies of scale and
. L scope and those of
Grc_)qp productivity and effectiveness and efficiency
efficiency depends on
leadership and leader « Good practice includes
dedication external collaboration,
° « Difficult to manage effectively structured financial
< management and
] « Many constraints in terms of transparency
& strategic planning « Strategic growth realizable
S
E EMERGING POTENTIAL
€
=]
=
* Project-based « Size can be a limiting factor to
« No formal organization growth and strategy
structure « With effective support, can
« Based on Individual Interests grow to next level
« Level of productivity and : g::vs?(frl? gs]fl?foﬁlr?éi"tm a
efficiency depends on
_ participating members
T
e
2]

Informal Formal
Organization Structure
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Exhibit 12
Total Renewable Energy RD&D Expenditure 2547-2551
Renewable Energy RD&DD Expenditure (2004-2008) Renewable Energy RD&DD Funding (2004-2008)
2,163 million Baht ) ) .
Biodiesel PO [
Ethanol 9% NSTDA
7% - DEDE ]
Biogas Sol;;;’ells EGAT
12% Solar thermal NRCT
6% PEA jm HR&D
Biomass PIT M- DD
15% H2&FC Hydro TRF 1
7% 10% MEA

0 100 200 300 400 500 600 700

million Baht
Renewable Energy RD&DD Expenditure (2004-2008) Renewable Energy RD&DD Expenditure 2004-2008
600 900
500 800
£ 400 700 EEE—
]
S 300 - £ 600 —
= a |
T 200 A - oD @ 500 o
100 4 2 400
o - = R&D E 300 uR&D
200
N > < o ° > >
& «‘éb \$\(\ o“xz ‘9“ &’b‘j \o°<”b 'z;(\o &2“’@ 100
& R & & © &
& A < 0
0\/0 Q‘* N
e 2547 2548 2549 2550 2551

Data sources: NRCT, NSTDA, TRF, EPPO, DEDE, EGAT, PEA, MEA & PTT; this study analysis
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Exhibit 13

RD&DD Activities of Research Institutions (2004-2008)

Renewable Energy Sector

Research O
Solar Cell Selyr Wind Hydro H2&FC Biomass Biogas Ethanol Biodiesel
Thermal

NSTDA: BIOTEC, MTEC,
NECTEC, NANO, SOLARTEC

CHIANG MAI UNIVERSITY

CHULALONGKORN UNIVERSITY

KASETSART UNIVERSITY

KHON KAEN UNIVERSITY

KING MONGKUT INSTITUTE OF
TECHNOLOGY LADKRABANG
KING MONGKUT INSTITUTE OF
TECHNOLOGY NORTH BANGKOK
KING MONGKUT'S UNIVERSITY OF
TECHNOLOGY THONBURI

MAEJO UNIVERSITY

MAHANAKORN UNIVERSITY OF
TECHNOLOGY

MAHIDOL UNIVERSITY

NARESUAN UNIVERSITY

PRINCE OF SONGKLA UNIVERSITY

RAJAMANGALA UNIVERSITY OF
TECHNOLOGY THANYABURI

SILPAKORN UNIVERSITY

SIRINDHORN INTERNATIONAL
INSTITUTE OF TECHNOLOGY

SURANAREE UNIVERSITY OF
TECHNOLOGY

THAKSIN UNIVERSITY

THAMMASAT UNIVERSITY

UBON RAJATHANEE UNIVERSITY

ELECTRICITY GENERATING AUTHORIT
OF THAILAND

PROVINCIAL ELECTRICITY AUTHORITY

THAILAND INSTITUTE OF SCIENTIFIC
AND TECHNOLOGICAL RESEARCH

Exhibit 14

Thailand Renewable Energy Publications in IS1 WOS (2004-2008)

Renewable Energy Year Total
Research Area 2004 2005 2006 2007 ‘ 2008
(2547) (2548) (2549) (2550) (2551)
Solar Thermal 2 7 7 8 14 38
Solar Cells 0 4 11 8 8 31
Wind 1 2 2 1 2 8
Hydro 0 0 0 1 3 4
Hydrogen & Fuel Cells 5 10 14 15 16 60
Biomass 0 4 4 8 11 27
Biogas 1 0 1 11 2 15
Ethanol 0 0 3 9 12 24
Biodiesel 0 0 3 9 12 24
Total 9 27 45 70 80 231

Source: ISI WOS, this study analysis
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Exhibit 15
Trend in Renewable Energy Patents Granted (2004-2008)
Year
Renewable Energy Total
Research Area 2004 2005 2006 2007 2008 ota
(2547) (2548) (2549) (2550) (2551)
Solar Thermal 0/0 2/0 0/2 0/1 0/0 2/3
Solar Cells 0/0 5/0 5/4 4/4 3/2 17 /10
Wind 0/0 0/0 0/1 1/1 0/0 1/2
Hydro 0/0 1/0 0/0 0/0 0/1 1/1
Hydrogen & Fuel Cells 0/0 0/0 0/0 0/0 0/0 0/0
Biomass 0/0 1/0 0/0 1/1 1/0 3/1
Biogas 0/0 0/0 0/2 0/2 0/1 0/5
Ethanol 0/0 0/0 1/0 0/0 0/0 1/0
Biodiesel 0/0 2/0 3/0 1/0 2/1 8/1
Total 0/0 11/0 9/9 719 6/5 33/23
Source: DIP, this study analysis;
* = number of patents / number of petty patents
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BEC Biochemical Engineering & Pilot Plants Research and Development
Unit

BIOTEC National Center for Genetic Engineering and Biotechnology

CES Clean Energy Systems Group

CPMO Cluster and Program Management Office

CR Number of Cited References

CSSC CES Solar Cells Testing Center

CSTRU Cassava and Starch Technology Research Unit

D&D Demonstration and Deployment

DEDE Department of Alternative Energy Development and Efficiency

DIP Department of Intellectual Property

EcoWaste Excellent Center of Waste Utilization and Management

EGAT Electricity Generating Authority of Thailand

EPPO Energy Policy & Planning Office

ERC Energy Research Center

ERD Energy Research and Development Institute



ERI
ETRC
GCS
HSRI
IS
JGSEE
KAPI

KTOE
LCS
MEA
MOAC
MOE
MTEC
NANOTEC
NECTEC
NESDB
NRCT
NSTDA
PDTI
PEA
R&D
RD & DD
REEC
SClI
SEEM
SERT
SOLARTEC
TCI
TISTR
TRF

Energy Research Institute

Energy Technology Research Center
Global Citation Score

Health Systems Research Institute
Institute for Scientific Information

Joint Graduate School of Energy and Environment

Kasetsart Agricultural and Agro-Industrial Product Improvement

Institute

Kilo Ton QOil Equivalent

Local Citation Score

Metropolitan Electricity Authority

Ministry of Agriculture and Cooperatives

Ministry of Education

National Metal and Materials Technology Center
National Nanotechnology Center

National Electronics and Computer Technology Center
National Economic and Social Development Board
Office of the National Research Council of Thailand
National Science and Technology Development Agency
Pilot Plant Development and Training Institute

Provincial Electricity Authority

Research and Development

Research and Development & Demonstration and Deployment
Renewable Energy Excellent Center

Science Citation Index

School of Energy, Environment and Materials

School of Renewable Energy Technology

Institute for Solar Energy Technology Development

Thai Journal Citation Index

Thailand Institute of Scientific and Technological Research

The Thailand Research Fund
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Exhibit 1.1

Gross Domestic Expenditure on R&D (2001-2005)

2005 GERD by Sector of Performance

Private Non-
—— profit

1%

Government
Gross Domestic Expenditure on R&D (GERD) and 17%
GERD/GDP (%) for 2001-2005 Business
Enterprise
r 03 44%
20,000 i Higher Education
= ./.\. 0.25 _ 38%
= I g
& 15,000 02 &
c [-9
S a
2 - 015 ©
T 10000 s
o Lol &
« ©
] 5,000 0.05 i
© o 2005 GERD by Funding Sector
0 -0 Abroad .
Not specified
2001 2003 2005 ) 2% _ 2%
[ GERD 11,065 15,499 16,667 PrlvatefNon-
rofit
~—GERD/GDP (%) 0.22 0.26 0.24 pl%

Government
31%

Data Source: National Research Council of Thailand and National Science and Eil::'r:eﬁs:e
Technology Development Agency 49% Higher
Note: for funding sector, Higher Education figure should be interpreted as part of Education
Government sector as most are from government budget, i.e. government 15%

contribution is around 45-46% of total finding (Ref. Frascati Manual)

WauBauwauiulssmaAmieutinusarty inaids ANeDT GERD/GDP (2005)

gl 0.54% uavAInllS uazlfivdu 9egh 2.36% uay 2.52% AINAIAL N19NIULA

kT

YNFAIANTUAT LN UL TENA NFANAUNNINATI9U U sTHIUIATHIAINIINIS

Audsuni1asuarwmuuls A AIuNa L AaIRan 700 N INENLN T LILARE
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Exhibit 1.2

Flows of Funds 2005: Funding Sectors and Sector of Performance

Million Baht
Sector of Performance
Funding Sector Total Perci/mage
Government Higher Business Private Non- (*0)
Education Enterprise Profit
Government 2,786 2,163 194 103 5,246 31
Higher Education 9 2,468 27 0.3 2,488 15
Business 1 1.085 7,007 4 8,107 49
Enterprise
Private Non-Profit 12 93 0 14 119 1
Abroad 21 225 27 34 307 2
Not specified 26 357 13 4 499 2
Total 2,859 6,381 7,268 159 16,667 100
Percentage (%) 17 38 44 1

Source: National Research Council of Thailand
Note: for funding sector, Higher Education figure should be interpreted as part of

Government sector as most are from government budget, i.e. government
contribution is around 45-46% of total finding (Ref. Frascati Manual)

11l 2548 N1ATFUATNIARANANENINNITANHUNITIREUATHINWNTINT 55%

v v ¥
ge9p 1danevianun (Exhibit 1.2) nalnnistiuanisidganniis 2 nagauithlgnisld

1
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Exhibit 1.3
Government Budget Appropriations for R&D & Flows of Funds from
Key R&D Funding Agencies (2003-2007)

Ministry 2003 2004 2006 2007 r 140
_ £ 20,000 - m_- 120
Public Health 1,826 2,486 2,331 3,324 ] n -
c k-
»s 100 §
) 2 E 15000 L] g
Education® 1,215 2,342 2,940 4,979 SE 7 - 080 @
;
= L o
Science & Technology | 1,447 1,038 2,195 2,621 £ % 10,000 0.60 2
28 L 040 &
§ 8 Sl
Agriculture & Cooperatives| 1,573 1,135 3,297 3,226 8 5000 0.20
& - 0.
Office of Prime Minister? 2,023 2,049 1,781 2,341 0 - 0.00
2003 2004 2005 2006 2007
Other Ministries 704 662 734 1,421
Others® 482 986 939 995 Agency 2004 2005 2006 2007 2008
Total 9,270 11,598 14,216 18,906 NSTDA! 1,360 1,488 1,697 1,912 1,910
TRF 1,049 1,137 1,188 1,204 1,297
% of Total Budget 0.93 1.13 1.05 1.21
NRCT 881 785 800 602 602
Source: Bureau of Budget: compiled by NRCT and NSTDA
Notes: 1 — Ministry of University Affairs was merged with Ministry of Educationin HSRI 97 89 & 9 120
2004; 2003 data is from combined budgets
2 - Includes Thailand Research Fund ARDA? na na na na na
3 — Include National Research Council of Thailand
4 — 2005 data are not available Total 3,387 3,499 3,764 3,817 3,929

Source: this study’s survey
Notes: 1 — NSTDA acts both as a funding agent and a performing institute
2 — ARDA received a block grant of 3,600 million baht in 2003 to be
an endowment for annual funding from interest

nanfiagadngaaluseAunile pudnsncassdayaniiludioyandellainisantiunig

a

WAZNIAINNITANLUNATNSLLTZN04 (Exhibit 1.3) mﬂﬁ?gﬁmﬁmmmuﬂa‘zmmz%w%u
N199RLATWAYIN  (Government Budget Appropriations or Outlays on R&D,
GBAORD)  7ivnau Tutaall 2546-2550 Tnelade 27%  sell ludeainaisanana

N129ARTTNUUTE NI UAULNDN TR LA LW U LA LANAIN 0.93% N LTl 1.21%

1 =

A9 FZHI LA UAWAIUNNA LasTa Ll g N e lun128n AN TR AT WA WD

a

'
o A

Uszmald Lﬂmmmngﬂmuﬂ?zmmﬁwwLﬁmgjﬁlm::ﬁur;‘ilﬁ fuidledfiauiu GDP ukn
GBAORD/GDP f1iiers 0.17-0.24% luga9i0aaanana’ NIensiaAnesnig nsensd
ANBNITURT NITNININBATUATANNIDT NTenIsananAaniiazmalulatl uazdnin
uwn%gmum? TE5UNNIsPaT Tl sv i a1 T LA SR RAILNUTEN 0l 87% 389
antlszannuusuAuienATanasRmLY TWn199adsraUlsT N ARG MTLANS

o [ 1

AR UM UANLIAUUNNTIS AN LN Miaen13duan 5 wiaeeu’

NRUNUIMA AR TUNN99RaI T UATLAYUNITIRBUA TN ENWI NN 99AATI9 LU TN U

* ALade GBAORD/GDP (2005) 184 EU27 = 0.74%, t1u = 0.71% uazanigaudsni = 1.05% (Eurostat, 2008)
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Exhibit 1.4
Business Enterprise Sector R&D Expenditure in 2005 for Top 20
Sectors

million baht
0 200 400 600 800 1000 1200 1400
. . . . . . . BERD/sector GDP
Sector (%)
Machinery and equipment, n.e.c. 1.09
Food & beverages 0.27
Chemicals 0.48
R&TV and communication equipment 0.44
Leather products and footwear 0.78
Non-metallic 0.39
Motor vehicles 0.12
Textiles 0.20
Paper and paper products 0.55
Other business activities *
Research and development *
Rubber and plastics products 0.13
Fabricated metal products 0.17
Post and telecommunications *
refined petroleum products 0.05
Basic metals 0.22
Electrical machinery 0.13
Computer activities *
Furniture 0.01
Publishing & printing 0.13

Data Source: National Science and Technology Development Agency, NESDB, this study analysis
BERD = Business Enterprise Expenditure in R&D; * = service sector
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Exhibit 1.5

Thailand Business Enterprise Expenditure in R&D: Comparison to selected
countries (2005)

Million PPP USD-Current Price

Sector Thailand Turkey Korea UK Sweden
Population (million) 65.00 72.30 60.10 48.30 9.00
Machinery and Equipment 82.10 174.00 1,074.50 1,174.20 670.40
Food Products and Beverage 67.77 34.40 296.40 433.40 55.30
Chemicals, Rubber and Plastics 61.33 152.40 2,259.50 6,794.40 1,145.50
Textile, Leather and Footwear 52.23 43.60 114.70 28.50 12.00
Radio, Television and Communications 3052 196.20 11,200.40 1,280.00 1,610.90
Equipment and Apparatus
Other Non-metallic Mineral Products 26.19 37.60 158.30 69.20 21.40
Motor Vehicles 18.40 371.40 3,536.90 1,169.80 1,377.00
Wood, Paper, Printing and Publishing 17.99 8.40 39.70 81.70 191.30
Fabricated Metal Products 8.08 15.00 127.80 116.20 83.10
Basic Metals 3.57 15.30 414.80 66.50 151.60
Electrical Machinery and Apparatus 3.26 46.30 465.60 627.00 151.90
Furniture, Manufacturing n.e.c. 1.75 5.80 64.60 41.30 32.50
Medical, Precision and Optical
Instruments, Watches and Clocks 1.45 10.10 236.80 701.40 402.20
Ofﬁcg, Accounting and Computing 103 0.60 373.70 94.90 74.00
Machinery
Other Transport Equipment 0.31 35.50 478.70 3,622.80 273.50

Source: OECD ANBERD Database (2009), World Development Indicators (2006), this study computation
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1.3 YARINTIE

TUAIUIBIYAAINIIAL AT WEN WY ANNSIANTUAINT] 2544 D19 2546 WATNAL

anaIn 10% Tl 2548 (Exhibit 1.6) @aiflunannainnisanasiia 27% luanuauddae/

'
v a o a

AUAUUNNIINE LAWY WHINRNUIINARBAZIANTY 14%  (WWNTY 4,234 AN
29,850 Aulull 2546) siuflununlfinnazfiasinninlunisiansandayarainisdnsma

pfesall nrsnAnaaeindse luaunu 3,143 auludaassezian 4 1 (2544-2548)

o

JuduflunisaenafnnInin (Compound Annual Growth Rate, CAGR=2.8%) 1141l
UAANIIAE 54% agluniaganAnmn luanziiniaenauldadauilu 19% 1e991u9u

LAAIMNIIFTINA TUHBNATUILUFIULRINNTITLTALUTNANIAT NIALBNTU

[ %

Andaunisaniiunisgeanidnningandnmn Inaidadouiilu 23% 1e9yaanneias

1 '
o o o A =

WaLWLANaT Bnisniaengudaldnsnisldananisidauas Wi seiangengn

11 4 nAdau

Exhibit 1.6

Structure and Trends of Thailand R&D Personnel (2001-2005)

. R&D Personnel (Headcount) 2005
Thailand R&D Personnel (Headcount) (2001-2005)
80,000 Private Non-
. 70,000 profit
s 60,000 1%
8 50,000 Business
k] 40,000 Enterprise
2 ! 19% Government
30,000 26%
20,000 °
10,000
0
2001 2003 2005
O Supporting Staff 13,205 18,867 11,373 E:igh:r
ucation
B Technician & equi 21,713 27,467 22,419 54%
W Researcher 30,941 29,850 34,084
R&D Personnel (FTE) 2005
Thailand R&D Personnel (FTE) (2001-2005)
_. 55,000 = 35 o Privatefl\:on-
w L3 & profi
E 45,000 s e 1%
- - o
3 35,000 L2 8 Business
z' 25,000 15 S Enterprise
5 000 ) 23% Government
g SERES 27%
a 5000 L 05 %
-5,000 0 ®
2001 2003 2005 ﬁ
[ Supporting Staff 7,191 11,126 5,941 © Higher
B Technician & equi 7,110 13,139 10,520 Education
N Researcher 17,710 18,114 20,506 A
==i%=Researcher/10,000
people 2.84 2.87 3.29

Data Source: National Research Council of Thailand and National Science and Technology Development Agency
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Exhibit 1.7

Number of Researchers (Headcount) vs. FTE for Top 20 Sectors

Number of Researchers (Headcount) vs. FTE for Top 20 Sectors

0 200 400 600 800 1000 1200

Food & beverages i

R&TV and communication...

Chemicals |

Machineryand equipment, n.e.c. | T
Textiles |

Non-metallic |

Motor vehicles |

Rubber and plastics products )
Other business activities |

Research and development
Paper and paper products
Leather products and footwear
Electrical machinery
Fabricated metal products
Furniture

Computer activities

Basic metals

Post and telecommunications
refined petroleum products

|

Wood and cork (not furniture) |

@ Number of Researcher (Headcount) O Number of FTE Researcher

Data Source: National Science and Technology Development Agency

NINEUNYAAINTIAY Tnalanizateiednddeiiulszifuisenounbiag

%

Rarsauaaug hlfunisenanisaesun1sRsuua MU wazailufiasdunundniau

N lurrardu 2ra211unany wazsreazann M9 luAUaN U LA A1UIN1TINE




10 389 UNANNTAS I 3ranT] 2551

1.4 fan1sIagUa9lssInA
= a o't
1.4.1 Nﬂﬂ"lﬁ‘ﬁlwNWiu'J']‘Eﬂ’]ﬁ‘ﬂ']ﬂﬂ‘llﬂﬂﬂi&L‘V] Fl‘l‘VIEI

Jugaaszaziaan 10 Hitnuan nstanasimunlEfinsaenafedseiios
LLs’inwzisimmimJﬁ@qL’ﬂwu’mﬁﬁmumiﬁiuumuﬂq@f‘i@”mmﬂi:mm Inenannyluy
ATUNITAINUNITINEUATHIN U fi¥nlnaAnldnam19n1s3Sauasimunsie GDP
(%  GERD/GDP) Gamnndntmanaiszunny 50%  Han sARNlUINENENA
luguteyazed IS| ﬁﬁ?ﬂﬂﬂquﬁyﬁ Science Citation Index Expanded (SCI Expanded),
Social Science Citation Index (SSCI) llaz Arts & Humanities Citation Index (AHCI)
1&Rnnsaenefetnesiaiiios Ineluszmningdl 2549-2550 uannsAfasTlunnsansana
Tugudieya SCI Expanded HEmsn1svenasaganed 40% (Exhibit 1.8) Ins

11l 2550 anuAUUNANNARNNN L SCI Expanded Ha71au 4,215 UNANM

Exhibit 1.8

Trends in Thailand Publications in SCI 2003-2007

4,500

4,000

3,500

3,000

Number of Papers

2,500

2,000

1,500

1,000

500

0
2003 2004 2005 2006 2007

H No. of Publications 2,283 2,397 2,795 3,075 4,215

Source: iivdaaaiinurdidnsuazinaluladvavisandlng 1 2551, dnd.
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Exhibit 1.9

Changes in publications outputs ranking in top 20 subject
categories as published in ISI WOS in 2008 vs. 2004

Changes in Subject Area Publication Ranking 2008 vs. 2004
(Record count in 2008)

2004 Rank
8 6 4 4 -6
‘ 6
Y L)
257 b2
243
235
? 2
Rank08=11, VETERINARY SCIENCES 3 W22
Number of record counts in 2008 = 177 19. - é
Rank04=26 L, L7085 ST
177 by
175 4% 12— &
» 16 S
(EL S 5 e -1 &
L € Y 16
_ e 18
170 13 26
e J -
>4
4
Rank08 SUBJECT CATEGORY Rank08 SUBJECT CATEGORY
1 PHARMACOLOGY & PHARMACY 11 VETERINARY SCIENCES
2 INFECTIOUS DISEASES 12 ENVIRONMENTAL SCIENCES
3 PUBLIC, ENVIRONMENTAL & OCCUPATIONAL HEALTH 13 POLYMER SCIENCE
4 FOOD SCIENCE & TECHNOLOGY 14 TROPICAL MEDICINE
5 BIOCHEMISTRY & MOLECULAR BIOLOGY 15 CHEMISTRY, APPLIED
6 IMMUNOLOGY 16 CHEMISTRY, MEDICINAL
7 BIOTECHNOLOGY & APPLIED MICROBIOLOGY 17 PLANT SCIENCES
8 MATERIALS SCIENCE, MULTIDISCIPLINARY 18 CHEMISTRY, PHYSICAL
9 ENGINEERING, CHEMICAL 19 PHYSICS, APPLIED
10 MICROBIOLOGY 20 ENERGY & FUELS

Source: ISI Web of Science, Authors’ analysis

'
=

a a 6t = dlal a a 6 =
HANTTANNNW UL 2551 4121 NANITANNANINNGA 50 A1U10N"9

Q

1 [ %

wlasuwlasldiineannualull 2547 Tnadauluniiansn1sRANWTANTY (Exhibit 1.9)
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wana liiAung 20 ananninisaRNnNaadiasgeqn weaniunFaumnauiusaulull

2547) paukdnaliiiung

1. Pharmacology & Pharmacy: Biochemistry & Molecular Biology Wag
Immunology flaAaRnIsRNNWat udUALgIqa 3 dudLusNaaslsvine
N133F8EUANEN AN ERTNTUNNE uaTIAdT A dR ST uan N RE
NaASEIAALY B9uanaTn 3 @1a78anana Infectious Disease UA%
Public, Environment & Occupational Health ﬁﬁmﬂmuﬁﬁﬁ\lﬁﬂgﬂu

TLALIEITDIUTLINA

2. fnaraanen sl asundasldetnaunnludaeszazingn 5 1
Nelunnlaeannz Food Science & Technology; Material Science,
Multidisciplinary waz Engineering, Chemical sL‘LL"]JELL:‘?‘]Energy & Fuels

Aduananinnsaenasalunisiee waznITARNT AINATNANATY LAY
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UNLINTINAIULAL T BN aLATE gRAuazANTueg iR A n

1
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v o A
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neafuatdilufonumela (A Dentistry, Oral  Surgery &

Medicine L’fluﬁu)

1.4.2 NANISANNALUNTAITNelulszina

AN R RNl s sl semATin s nawlull 2548 (A.A. 2005)
(Exhibit 1.10) a1n 2,859 Ul 2546 uili 4,066 UnAN neuanaslull 2549 (p.A.
2006) 110gfTunwaTiingn Tneludaet] 2546-2550 fl§mInsa8nefaLRat (CAGR) 7
7.3% safl 11 2550 Thidlfidwanumau@iifnlu SCI gendrdruauumnamaiiay

TCl uazAAINazAdun It uiisa i



1NN 1 ANAUTn lunnssaadlssin s 13

Exhibit 1.10

Trends of Publications in TCI vs. Thai Publications in SCI

4,500

4,000 A
3,500 //
3,000 _

2,500

Number of Publications

2,000

1,500

2003 2004 2005 2006 2007
=== Number of publicationsin TCI 2,859 3,095 4,066 3,690 3,796
©= Number of publicationsin SCI 2,283 2,397 2,795 3,075 4,215

Source: National Science and Technology Development Agency, Thailand Research Fund (TRF)

1.4.3 ANBURS

wualiinnistiurednstnenisdseinginaanlnalitinisaenamalusyndned
W.A. 2546-2549 Inaldnsn1saenasaean luga9nanann 9% (aan 802 Jiilu 1,040)

WANALAAAIUTENU 5% Wil 2550 a98N? 945 (Exhibit 1.9) TutnicRanuaudnaingm
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Exhibit 1.11

Total and Thai Patent Applications and Patents Granted 2003-2007

Total vs. Thai Invention Patent Applications Total Invention Patent Applications vs. Granted
8,000 8,000
7,000 7,000
6,000 ) 6,000
Invention 5,000 Invention 5,000
Patent 4,000 Patent 4,000
Applications 3,000 Applications/ 3,000
2,000 Granted 2,000
1,000 1,000
0 0
2003 2004 2005 2006 2007 2003 2004 2005 2006 2007
H Total Invention Patent M Total Invention Patent
Applications 4,943 5,373 6,340 6,261 6,818 Applications 4,943 5373 6,340 6,261 6,818
ThaiInvention Patent Total Invention Patent
Applications 802 819 891 1,040 945 Granted 1,006 716 553 1,121 948
Total vs. Thai Invention Patent Granted Thai Invention Patent Applications vs. Granted
1,200 1,200
1,000 1,000
! ti
Invention 800 n:etn |ctm 800
Patent 600 A ra etn y 600
pplications,
400
Granted Granted 400
200 200
0 0
2003 | 2004 | 2005 | 2006 | 2007 2003 | 2004 | 2005 | 2006 | 2007
M Total Invention Patent ® Thai Invention Patent
1,006 716 553 1,121 948
Granted Applications 802 819 891 1,040 945
Thai Invention Patent Thai Invention Patent
Granted 56 57 62 118 118 it 56 57 62 118 118

Data Source: wilvdasgilinarddansuasmaTuladuavlsundng 1 2551 (Iqndiayansuninddunsiloyqn)

v 1
o a a ¥
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uiluadauluniswmundiulanideaeadssing




dl v v a o
UnN 1 Auniautinlun1saaaaeslssime

15

Exhibit 1.12
Thailand key R&D indicators (2005) in comparison with selected
countries
. . . . . EU25
Key R&D Indicator Thailand Malaysia China Singapore Sweden A
verage
Gross Expenditure in R&D
(%GDP) 0.24 0.63 1.34 2.36 3.86 1.85
Business Enterprise
Expenditure in R&D (% Total) a4 2 68 66 65 55
Researchers (FTE)
per 10,000 population 3.29 4.96 11 65.8 80.3 22.5
Researcher (FTE)
per 10,000 labour force 5.68 11.69 18.85 90.1 120 56.14
Publications in SCI 2,795 1,794 77,377 7,165 17,307 (234,868)
Publications in SCI per 43 62 59 1,667 279.48 509
Million of population
Patents Filings by Residents 13.87 20.37 71.66 130.76 1504/x/10 72.4
per 100,000 population
Patents Granted per 0.095 0.14 1.59 19.57 16.71 6.07

100,000 population

Sources: Thailand: NRCT and NSTDA; Malaysia: MASTIC (2004); Singapore: ASTAR; Others: OECD MSTI (2007), Eurostat; WIPO; and

this study computations
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Exhibit 2.1

National Research System

Policy & Ministerial

. Funding Execution Transfer Utilization Impacts
Resources Strategies
Policy System
» Environment Investment HR/Knowledge | | Trade Related
[ Pr i ici
Ministry of
Education RCT}
University Economic
Government Research Agriculture Development
&Parliament Ministry of Institutes
Science NSTDA < »
&Tech Social Well-
Manufacturing being
NESDB Research
Ministry of Institute
Ing Public TRF ng
Health
Budget Research — > Services
Bureau Institutes
Ministry of
Agriculture NHSRI g:;:f::’s
& Coop.
SOE
H —>
NRCT-NSTIC Research Private
Institutes Sector
Other NARI Research
Ministries . R
Infrastructure
> - q IPR and
STI Financial Information Standards Others

Source: Adapted from SVI
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Exhibit 2.3
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2547-2556)
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TUAUWATIIUAN LAZHAIIUTNTIUIALAN (Exhibit  1.2) WAAZANANIIAURNIIWEIUN
NNFIRLRNIZAIUAINAMNEIUIYNITTDIYAAINT YIDUHBNITRENUINITITEWAIIY
3 v o ' D o o dgl 4 a
NAUNUIBIBIANT TATATRIANRSENA U awnui sz TaadllunnsNansoun

o

NIFWRNBINANIUN A WNBLADZ AU MUTZUUARENAIN BN AN LD sz A Tpeaniy

asin9daluN1785191A TR e)

Exhibit 1.2

RD&DD Activities of Research Institutions (2004-2008)

Research Organization

Renewable Energy Sector

Solar Cell Solar Wind Hydro H2&FC Biomass Biogas Ethanol Biodiesel
Thermal

NSTDA: BIOTEC, MTEC,
NECTEC, NANO, SOLARTEC

CHIANG MAI UNIVERSITY

CHULALONGKORN UNIVERSITY'

KASETSART UNIVERSITY

KHON KAEN UNIVERSITY

KING MONGKUT INSTITUTE OF
TECHNOLOGY LADKRABANG

KING MONGKUT INSTITUTE OF
TECHNOLOGY NORTH BANGKOK

KING MONGKUT’S UNIVERSITY OF
TECHNOLOGY THONBURI

MAEJO UNIVERSITY

MAHANAKORN UNIVERSITY OF
TECHNOLOGY

MAHIDOL UNIVERSITY

NARESUAN UNIVERSITY

PRINCE OF SONGKLA UNIVERSITY

RAJAMANGALA UNIVERSITY OF
TECHNOLOGY THANYABURI

SILPAKORN UNIVERSITY

SIRINDHORN INTERNATIONAL
INSTITUTE OF TECHNOLOGY

SURANAREE UNIVERSITY OF
TECHNOLOGY

THAKSIN UNIVERSITY

THAMMASAT UNIVERSITY

UBON RAJATHANEE UNIVERSITY

ELECTRICITY GENERATING AUTHORIT’
OF THAILAND.

PROVINCIAL ELECTRICITY AUTHORITY

THAILAND INSTITUTE OF SCIENTIFIC
AND TECHNOLOGICAL RESEARCH

RD&DD Acitive
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Exhibit 1.3

Thailand Renewable Energy Publications in ISI WOS (2004-2008)

Renewable Energy vear Total
Research Area 2004 2005 2006 2007 2008
(2547) (2548) (2549) (2550) (2551)
Solar Thermal 2 7 7 8 14 38
Solar Cells 0 4 11 8 8 31
Wind 1 2 2 1 2 8
Hydro 0 0 0 1 3 4
Hydrogen & Fuel Cells 5 10 14 15 16 60
Biomass 0 4 4 8 11 27
Biogas 1 0 1 11 2 15
Ethanol 0 0 3 9 12 24
Biodiesel 0 0 3 9 12 24
Total 9 27 45 70 80 231

Source: ISI WOS, this study analysis

1AW NIIRANWHAII VAT AT UN AT UN AN BEa9l 72 Aly Science
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Exhibit 1.4

Trend in Renewable Energy Patents Granted (2004-2008)

Renewable Energy Year Total
Research Area 2004 2005 2006 2007 2008
(2547) (2548) (2549) (2550) (2551)
Solar Thermal 0/0 2/0 0/2 0/1 0/0 2/3
Solar Cells 0/0 5/0 5/4 4/4 3/2 17 /10
Wind 0/0 0/0 0/1 1/1 0/0 1/2
Hydro 0/0 1/0 0/0 0/0 0/1 1/1
Hydrogen & Fuel Cells 0/0 0/0 0/0 0/0 0/0 0/0
Biomass 0/0 1/0 0/0 1/1 1/0 3/1
Biogas 0/0 0/0 0/2 0/2 0/1 0/5
Ethanol 0/0 0/0 1/0 0/0 0/0 1/0
Biodiesel 0/0 2/0 3/0 1/0 2/1 8/1
Total 0/0 11/0 9/9 719 6/5 33/23

Source: DIP, this study analysis;
* = number of patents / number of petty patents
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1.3.1 ANA19UEN 1Y RD&DD AMUNARINULEIRINAE (1] 2547-2551)
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Exhibit 1.5

Solar Thermal RD&DD 2004-2008 (2547-2551)

RD vs. DD Expenditure 2004-2008 Key Activity Areas of RD&DD Expenditure
60 (2004-2008)
60
50
50
£ 40 -
s £ 40
c 30 - o
$ DD 20
T 1 HR&D ]
€ 20 g 20
10 + 10
0 0
2547 2548 2549 2550 2551 Potential Development DD
RD&DD Funding 2004-2008 RD&DD Expenditure by Performing Institution 2004-2008
| | | | |
. ‘ ‘
ww. WA ‘ ‘
Aaihns ‘
sna. w35,
Q4. Lnnn;'m:mi“ |
HR&D cHashwt =R&D
ana. SINANGAT  —
DD Tuonadnyyi  — DD
&M, waTuladqduss B
t UEIsAN
0 20 40 60 80 0 5 10 15 20 25 30 35 40
million baht million baht

Data sources: NRCT, NSTDA, TRF, EPPO, DEDE, EGAT, PEA, MEA & PTT; this study analysis
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1.3.2 A9NA19UE1 LY RD&DD AuLtaaLasanas (1 2547-2551)
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Exhibit 1.6

Solar Cells RD&DD 2004-2008 (2547-2551)

RD vs. DD Expenditure 2004-2008 Key Activity Areas of RD&DD Expenditure
250 2004-2008
250
200
= 200
§ 150 £
-
T 100 HR&D =; 100
. N B
0 - 0 -
2547 2548 2549 2550 2551 Materials ~ Solar cells ~ Process  Utilization
RD&DD Funding 2004-2008 RD&DD Expenditure by Performing Institution
2004-2008
qna. R
CRI I
AWK, AWK, —
&n7.  —
Wi lanay .
HR&D g
- was. | ®R&D
bD N oD
am. Aalhns
0 50 100 150 200 250 300 0 50 100 150 200 250 300
million baht million baht

Data sources: NRCT, NSTDA, TRF, EPPO, DEDE, EGAT, PEA, MEA & PTT; this study analysis
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Exhibit 1.7

Wind Energy RD&DD 2004-2008 (2547-2551)

RD vs. DD Expenditure 2004-2008 Key Activity Areas of RD&DD Expenditure
2004-2008
100
80
- E
3 8 60
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g 2 40
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0
site tech  des& dev  process evalua DD
2547 2548 2549 2550 2551 assess  assess dev
RD&DD Funding 2004-2008 RD&DD Expenditure by Performing Institution
2004-2008
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Data sources: NRCT, NSTDA, TRF, EPPO, DEDE, EGAT, PEA, MEA & PTT; this study analysis
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Exhibit 1.8
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Exhibit 1.9

Hydrogen & Fuel Cells RD&DD 2004-2008 (2547-2551)
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Exhibit 1.10

Biomass RD&DD 2004-2008 (2547-2551)
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Exhibit 1.11

Biogas RD&DD 2004-2008 (2547-2551)
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Exhibit 1.12

Ethanol RD&DD 22004-2008 (2547-2551)
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Exhibit 1.13

Biodiesel RD&DD 2004-2008 (2547-2551)

RD vs. DD Expenditure 2004-2008 Key Activity Areas of RD&DD Expenditure 2004-2008
60 100
90
50 20 -
70
g% £ 60
3 3 T
.5 30 DD '5 50
= £ 40
i HR&D
E 20 E 3
10 - 20 +
- A 0 - T T T
2547 2548 2549 2550 2551 Feedstock Process Utilization DD
RD&DD Funding 2004-2008 RD&DD Expenditure by Performing Institution
2004-2008
qUN. B
itgolwai -
. ERE :
dan. SUA AUV p—
mR&D P
v, Wiy - mR&D
DD n .
2. .
uauunu
ana. 0 10 20 30 40 50 60
0 20 40 60 80 100 120 140 million baht

Data sources: NRCT, NSTDA, TRF, EPPO, DEDE, EGAT, PEA, MEA & PTT; this study analysis

N193ALuATRIUNT R Funsatiuayuasauaguluftunfsdsziludnanan
al dll a al = 091 o dly all al a
Fannatiantsuanlulasias nistgninariiduluiunianie walulaiinisuanuas
nananduingdu (2 dszinundafumanisivnjaessudszanndnason ey 50%)
NIZLAUNITHAR WWLNz-Falies Aadeljisen saunarani nislfdscleninaueses
HANTENUUDINITLE dounan AsaNy® (Uszunns 25% SRR B2 T F Y

v

TNl

a o

gohAsefisnfuAanssuluduilsudaminandedaslus Tneannyl
AIUNIWAUINTNAI9Y NANANENAenEATA1aR5 taean1zlud1un 1 swmun i
WA A1UnuWmuIInenaniuazinatulatiuieang (naanvaeldyann)
NWTNLNFEAITATUATUNS (NTTUIUNIT) AWIAINTINUITNENAE (NTTLIUNT)
WNINEAsreuLiY NN demaTulatinszaanindsus uazanniumalulat

| =
LYNLR LT E

LA UARNA WA uTWsa19a1naTu SCI - Hag luszAugaianislull 2550

AT 2551 (M13797 1.9) N19348ATELARNLISTAUNNTIAEFNY <] Mneade Helufiunis



52 989NUNANNTIS eI svanT] 2551

a e a | ] o N 24 A
WATIINIIHAALENIUEA LU TINATINY 2ATTIR LAZATITAUNTZAN (ﬂﬁ‘%il’]m 30%

ABNUNAITN) miﬁﬂmquumwﬁﬂ LWULRNADY N17AILIAN ANNNTNITHAR LATANY

o

Wugaas nslddnnaunuantifmemaan Tudiuaesd@nsiing Aaniinslaaaulng

Q Q

v
A o

A i
Tufnuitlugosssazioanfanann 8 ansting uay 1 audnating lnedvenidunszuounis

a a o

Han uazginsniniangs Inaiuresmiieiuninaiy 6 &nating

A19197 1.9 winTtunaAnEwluTammaly SCI wardniiing @ 2547-2551)

2547 2548 2549 2550 2551
unAnlu SCI : 2 3 5 13
anoiing - 2 3 1 2
BUANDLURT - - - - 1

1w I1SI Web of Science nsuningaunieilyoyn Ussananalnalazenisil




o

YN 2 YITAUnI TN AUN I LU LARUNA LN AL 53

UNN 2
< v a o [V
UL LAUNITNAUITSULIALNRINUNALLNY

ANINENUINTIELNAINWN AN U LUAIUFAN d Tugaeszesinan 5 UNNIuN
AILARIIALLUINIINITATLAUTATINITITEUDINUIE N UUNAUUAN Han1T3aelu
1 al a a a o dl Vo 1 =& [3
A9ULRINIANNA IUITANT4NE uazANBLRIN AU deuaniedszidutoyunlunng
WU UUIENAIUN AUl TN wazlulAazaran ludumng I Aailufiag
atunsuilaniuggs nsaeasisruLRAUNAN U AL UAT 8T AU ssIh
NN WAEAIMNANAUS N Tegaa9iTadeANg y Tuszuuaeasnailussulnay

< o 1 dl Qi v v v o 1 o alld a a

prauAgulsziiukariiadesing o Minaadeslfinruiion drldgnsimunniidscansuag

ANNANALAMNANATY LATRNANTENLABLHAIAANNTIFENANNUNALNY

2.1 TAS9H5 195 ULIRLNARIIUNAUNY KAZNITLSUITTLULARE

o

STULINENANUNALNULTZNELAL8RIALIZNALAN °'| AiReada (Exhibit 2.1)
TnefesflszneumaniiidauluntsduindeuntswmuInAsEndenumaun oy
ANUNIIAIMUALTELNE ENBANARNT N19INUNUIE RN A N19IRATINLLTEN
AUAYUNNIIAE N13AHUNNIAE uaznisinaniadellE sy temllud@ann i

¥ v o & ! - Aa 9 @ o aa
IW?Q'&?'N UNUINAZAINNANNUTIZUINBIAUTEnauNNaae T WA N1 UNN NS

49

1ALATFAANANARURITZULAAY T IALANAANEURINITINY LALHANTZNUNNFAANT

WENLN

Tuauulaunauarn19919auWIse neauwlaunaN1aInwlaue T 1N
LATEINAUACAIANUWNTNR U 10 (W.A. 2550-2554)  Gaflunseulussaununim
a o [<] 1 v [3 [ % o -dld 1 a %
Auleunefgunadudauszyiiuludssiiunanaesdyunanlnasanisiiusuaswmun

UsTNA LU ULATHFAABATAIANLAITNR 21707 10 (W.A. 2550-2554) lHAILA

&9

o o o o = a \ Y o A | a
Lﬂ’]uﬂ’\ﬂ@quW@\NWUIMN ‘. ﬂ"JWNﬂﬁﬂﬂquﬂqﬁiﬁv\l@ﬂﬂquvﬂ@ﬂimLﬂu 1:1 1“?3?]35]]@\7

WHUA LY RUUN 10 Windpgdounis lindsnunyunsuiudenas 8 :auiiandnany
N3N ATBAaNand s NasIN Ll szma Tneanizesinatian1rantintulunianig
audaliiiuanianay 30 18917 MWANIUTINNA ... LA “... angn1slaannd

Afuaulaaanlairallszainsanadsasas 5 antl 2546 Aaluinu 3.5 fwewal .7 7



54 98NBHANNTIaEIsranT] 2551

o dll =2 a o v & A = P &I 2
Tuinaaulag ‘. ANEIIRUATINAIAAIMHFUASNTECUIUNITLTUUILNDNUULATNNT

o

TULARDUNIANAATUNUNINUNY 21TUN 0o gnI9UfLR ..."

Exhibit 2.1
- EXTERNAL SYSTEM ENVIRONMENT
National Renewable Energy
Research System
Policy & M|n|ste|_'|a| Funding Execution Transfer Utilization Impacts
Resources Strategies
Policy System
> Resource i HR/ [:] Trade
i Policies
Ministry of
Education NRCT
- University Economic
Gover Research Agriculture Development
&Parliament Ministry of Institutes
Science NSTDA —
&Tech Social Well-
Manufacturing being
NESDB Research
5 Institute Brokers
Ministry of
Ing Ererod TRF ngl
Budget NFP e— Services
Bureau Research
Ministry of Institutes
Agriculture NHSRI I'::;:‘::jé
& Coop.
SOE Private
4 —>
NRCT-NSTIC Research Sector
i Institutes Research
ier
Ministries NART < >
Infrastructure
> " : IPR and
STI Financial Information Standards Others

Source: Adapted from SVI
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Exhibit 2.2

Renewable Energy RD&DD Performing Institutions

Government SOE
NSTDA ‘ MOE TISTR EGAT
+ Renewable Energy Research Cluster ‘ « Energy Policy and Planning « Environment, Ecology and
Office Energy Department
+ Department of Alternative,
BIOTEC SOLARTEC Energy Development and
Efficiency
+ Bioresources Technology Unit « Institute of Solar Energy
+ Genome Institute D P!
+ Collaboration Units MOAC MEA PEA
« Biochemical Eng. and Pilot Plant R&D Unit
« Excellent Center of Waste Utilization & Mgt. (EcoWaste) MTEC « Office  of  Agricultural
+ Cassava and Starch Technology Research Unit « Energy Technology| . Economics
Research Group
NECTEC | | NANOTEC |
Higher Education Not-for-Profit
KMUTT KMUTT (Cont.) Chiang Mai U Kasetsart U Chulalongkorn U . TORI
* PTI
« Joint Graduate School of * School  of Energy, | . Energy Research and| | + Kasetsart Agricultural and| | + Energy Research Institute ;‘T Iner
Energy and Environment Environment and Materials Development Institute Agro-Industrial Product| | + Fuel Research Center Edueationstitute Foundation
« Pilot Plant Development and * School of  Bioresource | . |nstitute for Science and Improvement Institute| | + Semiconductor Lab N
Technology : « Northern Region
Training Institute Technology Research and (KAPI) Catalysis Lab Development Foundation
« Clean Energy Systems * Enzyme Technology Development « Cassava  and Starch « The Petroleum and
Group « Energy and Technology Research Unit Petrochemical College
- Biochemical Engineering Environmental « KU-Biodiesel Project
and Pilot Plant Research Research Center « Energy and Environmental
and Development Unit Engineering Operation
+ EcoWaste Center
« Fermentation Tech « Energy Engineering
« Combustion Technology Institute
Naresuan U KMUTNB Silpakorn U Prince of Songkla U Universities Private Sector
+ School  of  Renewable + Faculty of Engineering —| | + Solar Energy Research Lab + Renewable Energy « Burapha . PTT
Technology Biomass Group Research Institute « Khonkaen . sCG
« Specialized R&D Center for| |  Mahidol « MitrPhol
Alternative  Energy from| | + Rangsit .
Palm Oil and Oil Crops « South-East Asia
e —] T « Suranaree
Mae Jo University RMUTT System Sirindhorn Int. Inst. of Tech.| | . Thaksin
+ Thammasat
+ Energy Research Center * Renewable Energy| | . wind, Hydro and Solar| | « Amember of JGSEE Ubon Raj
. jathanee
Applications Lab (REAL) EZ?{E} ‘Applied Research T opon Ra
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Exhibit 2.3
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Exhibit 2.4

National Alternative Energy Strategic Plan (2008-2022)

2008 (2551) 2011 (2554) ‘ 2016 2022
Target 6.4% 15% 19.1% 20.3%
%Total ’ ! :
Electricity Gen. Electricity Gen. Electricity Gen. Electricity Gen. (2.4%)
1,750 MW 3,273 MW (1,587 ktoe) 4,191 MW (1,907 ktoe) 5,608 MW (2,290 ktoe)
Thermal Energy Thermal Energy Thermal Energy Thermal Energy (7.6%)
3,007 ktoe 4,150 ktoe 5,582 ktoe 7,433 ktoe
Targets BioEnergy BioEnergy BioEnergy BioEnergy (4.1%)
« Ethanol 1.24 m l/day « 6 million liter/day * 9.84 million liter/day « 13.5 million liter/day
« Biodiesel 1.54 m I/d (1,755 ktoe) (2,831 ktoe) (3,986 ktoe)
« Hydrogen
NGV NGV NGV NGV (6.2%)
108.1 MMSCFD 393 MMSCFD (3,469 ktoe) 596 MMSCFD (5,260 ktoe) 690 MMSCFD (6,090 ktoe)
* R&D « ESCO Fund
Measures « Adder Cost « CDM
* BOI
« Energy substitution « Energy Import
4,237 ktoelyr. reduction 460,000
« Energy Import million Baht/yr
Benefits reduction 99,550 « GHG reduction 42
million Baht/yr million t/yr.
* GHG reduction 13
million t/yr.

Data Source: Ministry of Energy
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Exhibit 2.5

Renewable Energy Research Organization Taxonomy

()
g PROGRESSIVE PRODUCTIVE
-
« Critical mass can be » Advantageous both in terms
advantageous of economies of scale and
- scope and those of
« Group productivity and . -
efficiency depends on effectiveness and efficiency
leadership and leader » Good practice includes
dedication external collaboration,
— . . structured financial
% « Difficult to manage effectively management and
= - Many constraints in terms of transparency
& strategic planning « Strategic growth realizable
5
E EMERGING POTENTIAL
E
« Project-based » Size can be a limiting factor to
« No formal organization growth and strategy
structure « With effective support, can
 Based on Individual Interests grow to next level
. « Can be a niche player in a
« Level of productivity and -
efficiency depends on network environment
_ participating members
<
E
w

Informal Formal

Organization Structure
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