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(Source: IEA World Energy Outlook 2007)
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Primary Energy Consumption (PEC)

Total Thailand Primary Energy Consumption in 2007: 109 Mtoe

m Lignite and Natural gas,
Coal, 12.5 287
Hydro
1.9% Biomass Bagasses, 3.4 /
17.1%
Tl
m Paddy husk, — oil 398
15 / \
Agr.waste, 1.5 / W Hydro, 1.9
Fossil fuel
OS;"/:eS Wood, 10.7

Source : Thailand Energy Situation, DEDE, 2008
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- World Energy-Related CO, Emissions by Fuel

1971 1980 1990 2000 2010 2020 2030
m Codl = Oil # Gas

(Source: IEA World Energy Outlook 2004)
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GREENHOUSE EFFECT
A prerequisite forlife on earth, the greenhouse effect occurs when infrared radiation (heat] is retained within the atmosphere.

o

1 Most solarenergy AL DA i ke e Rslieh

reaching the earthis 3 Like a blanket,

absorbed atthe surface | 5 qgpheric green- increased the amount

ek e house gases absorb of greenhouse gasin the
and reradiate the G atmosphere and thus
heatin all directions, : the amount of heat
including back to returned to the surface.
the earth . Inconsequence, global
T 1 . temperatures have risen

5]

4 Human activity has

ATMOSPHERE : Thewarmed srface emits

i infrared radiation

(1wasdoya: Scientific American: Sept. 2006)
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® World anthropogenic greenhouse-gas emissions by source,
2005

Waste
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Carbon dioxide Methane Nitrous axide F-gases

* F-gases include HFCs, PFCs and SF6 from several sectors, mainly industry.

Note: Industry CO, includes non-energy uses of fossil fuels, gas flaring, and process emissions. Energy
methane includes coal mines, gas leakages, and fugitive emissions. Nitrous oxide from industry and waste
amounts to 0.12 Gt CO,-eq.

e Energy related CO, accounts for :

= 61% of all greenhouse gases in CO,-equivalent terms, and
= 76% of total CO,-emissions.

(Source : IEA World Energy Outlook 2008)
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ISP

o msfdsunasvesnnududuvesinig CO, luussenmealurag 450,000 Ydikuen

Atmospheric COz concentrationsd430
ever the past 450,000 years

atmospheric Co2 (ppmV)

Thousands of years

* Turs 150 Ynmnuangamigilaamasilaniinay 0.6 C

Source: Prof. R.E. Sims, “Global Development Trends in Bioenergy and Waste-to-Energy : Implications for Climate Change Mitigation,” 5t
International Conference on Combustion, Incineration/Pyrolysis and Emission Control, Chiangmai , 16-19 December 2008
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* Problem of the Present Global Energy System

The present carbon-based energy system has created serious environmental
problem:s.

® The energy related environmental problems could threaten the survival of

humanity.
» Selected Serious Comments on the Impact of Global Warming

Global warming and mass extinctions
Can technologies save the planet from the impact of global warming?

Changes caused by global warming may not be linear, but they may be
exponential and irreversible.

Climate change will wipe out most life on Earth by the end of this
century and mankind in too late to avert catastrophe. (James Lovelock)
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* malulagwasnunyuNaund N (REs)

Dvish engine system

engine and
Zer rator Concentrated
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Underflow
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Biomass




an1zlansau (Global Warming) WazanasnIsunileymn

c; a A Y v
ManNszansmMumMsIvwasny (EE)

Energy Efficient Pumping System Schematic

Energy efficient pumping system
system efficiency = 72%

Variaple speed drive Coupling Low-friction pipe
efficiency = 96% efficiency = 99% r efficiency = 90%

Input power 43 S - Output power 31

Energy-efficient motor More efficient pump J
efficiency = 95% efficiency = 88% 60% of output rated flow

Source: Almeida, et al., 2005.

Source: Tracking Industrial Energy Efficiency and CO,-Emissions, IEA 2007
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maluladilseIndhalang

Nuclear Power Plant (Fission)

NUCLEAR FUEL

to reactor core — transforming ore into nuclear fuel.

URANIUM EXTRACTION
The ore is mined from underground or open-pit mines. it
0 200 kg of uranium per ton. It is
alkcall or acid, then drie

Fission

Recyciable material

CHEMICAL CONVERSION
2 " le (e

Inside the reactor, the U235 nuclel in the fusl are spiit by
FUEL CONDITIO!
VS SR neutrons. As this fission takes place, energy is released
Enniched gaseous UF, is e o4 b bl
P peagpisaly along with more ns, which g 0n 10 3ol other

0 action. The heat

a—— ased produces Steam. which drives lurbines o

TWO ENRICHMENT METHODS: DID YOU KNOW? |

THE CENTRIFUGE PROCESS AND GASEOUS DIFFUSION 5 e
. gas molecules coming from UZ35 are i 0 " In order to prevent miners from breathing in Delets that generate a5 much SPENT FUEL PROCESSING
The After being used 1o generate electricity for four years in the
reactor, spent fuel contains 4% waste (of which minor actinides
activity), extraction operations are automated e ‘account for 0.1%) and 96% recyciale material, which Is

energy as a ton of
pelets are then

partigles or radon (a gas produced by uranium

retrieved by chemical separation. Pt

Mox fuel (us of Fran tors) and u

dust is not suspended in the air. | . - ([95%, including 1% U235) goes aking fresh fuel. Waste is
vitrified and conditioned for deep geological disposal (in an
accessile repository)

and mines are ventilated or sprayed so that |

(Source: CEA International Magazine, July 2008
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® Carbon Capture and Storage (CCS) Technology

CO, Capture, Transport and Storage Infrastructure

Co, compfeésidni )
plant

6 M CO, injection

DA

Hydrogen : 3
Eledric'

ty

18

Source: IEA World Energy Outlook 2007
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Technology outlook for energy — related
CO, emission abatement: 450 senario

42 _

. 0
- Reference Scenario Share of abatement %o

2
40 - 2020 2030

|
38 _ Efficiency G5 57

36 End-use 50 52

34 _ Power planits '] 5

Renewables is8
32 _ 20

Biofuels 1 3
30 _

Muclear 13 10
28 _

CcCs 3 10
450 Scenario

26

200F 2010 2015 2020 2025 2030

Source: IEA World Energy Outlook 2009
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Energy Related CO,-Emissions

s CO,-Emissions Reduction for 450 ppm Scenario

~J
o

B CCS industry and

Baseline emissions 62 Gt _y  transformation (9%)
' CCS power generation

(19%)
© Nuclear (6%)

g - L — e Renewables (21%)

60 —

30 —

“w
0
U
+
Y
(7]
c
0
‘0
7]
I
o=
w

P o e d L1 Power generation efficiency
30 4 e — B and fuel switching (7%)

20 End use fuel switching
7 Rt (11%)
10 BLUE Map em'ssigns 14 Gt B End use electricity

WEOQ 2007 450 ppm case ETP 2008 analysis | _ &maeney [12%]
0 | | | | | | ] l M End use fuel efficiency

(24%)
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

A 1s918lUNMIAUTUMIIUDL 2050 ~ USD 630 b/Al 130 1.1% V93 GDP 94 lanaoil

Source: IEA Energy Technology Perspectives 2008
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Global Warming

0 Copenhagen Accord wazwusnsalaasilszinalnalunisannis

Uaaanid CO,

o funilszinasing e landannadli Copenhagen Accord (@a1813 non-binding
agreement) Nazsnanupiradlanlaliiaiu 2°C

o Uszinanlainasinusnsdinsuaunistaasiing CO, muiszaly Copenhagen
Accord) ﬁ’ﬂﬂ’sﬁuﬂﬁ‘zmﬁﬁﬂ’mﬂuuﬂn (least developed countries) Wi

o \Hufimainilszinalnadadiiusnsdilunisaruaunisaasing Co us
{aqiiudalaiidayatniau

o andayanwaiias (unmetuinlssindlnaazaglunguilssinandasannis
Uaaanid CO, a3 15%-30% Anszau BAU luil 2020
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msfSeumeunasnunlyaaanasnu il 2005 uaz 2050 (450ppm) szAVIan

e Global Electricity Production
by Type in 2005

Nuelear

e Global Electricity Production
by Type in 2050 (450 ppm)

Hydrogen

Solar 1.3%

11.2%

Nuclear

Tidal 23.3%

1.0%
Wind
12.2%

Oil
0.3%

Coal

0.0%
Geothermal

2.5%

Biomass +CCS
2.0%

Biomass /waste
3.8% Hydro
12.4% Gas +CCS

12.9%

Coal +CCS
12.9%

Gas
4.1%

Source: IEA Energy Technology Perspectives 2008
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msfSeumeunasnunlylumsvuaa 14d) 2003 uag 2050 (450 ppm) szavlan

5‘111 « 400%

Gas 3.2% ‘\ Electricity 1.1%

Other 0.5% —\\ ( Coal 0.3% ﬁn‘l’umfmﬁu, 19.40%

nd il 26.000

Tuloennea, 5.200%

il

e 1?1%&1%, 15.30%
N, 25.00%
2003 | s, 8.10%

. o 4 D g A
NEIUIEMTULEL (2003) WasNeNMsvUas 113 2050 (450 ppm)

. . naviaya: IEA Energy Technology Perspectives 2007
(uavdiaya: IEA Energy Technology Perspectives 2006) (W g ray gy Perspeclv )
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vl "
2550 WAl WM
Woap  FUELOL v, |
007 WUNER
3% 218%
o DESEL
UG
04%
NATURAL GAS
fiB.4%
1 '3 & "
RN
COAL & LIGHITE
\ 2.3% Y,

LPG
2.82%

sl setndlnet] 2550ELECTRIC POWER 1N THAILAND 2007

Source : ELECTRIC POWER IN THAILAND, DEDE, 2008

Biofuels MNFBINIA
0.88% uianuih
0.08%
ALY
94,.25%

2007

(A aoundenulsenainail 2007, ww.)
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CO, Projection 2006 - 2020 (BAU Scenario and Reduction Targets)
450

400 -
3BQ f-reereranenm s

300 -
250 -

CO; emission (Mton)

—— GDP Growth 5.5%
' <@ GDP Growth 3.5% |

Nz > N N .ﬁh
® 4 D
Source : Energy Policy Research (2" Phase) JGSEE, KMUTT
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2020 CO; Reduction Target Scenarios and Potential Contribution
by Different Measures

140
120 T Scenario 1: 30% below BAU, 55 % annual
GDP growth (Weorst case)
Gap
100 == Scenario 2: 30% below BAL, 3.5 % annual
GDP growth
EE-add
O - {1 e (it S
Q
O
i}
= 60 +—— Scenario 3: 15% below BAL, 5.5 % annual
RE-e GDP growth
h0 |
B Secenario 4: 15% below BALL, 3.5 % annual
L = GDP growth (Best case)
il Mote;
EE Energy efficiency improvemenl (Based on 50% of {ola| polenfial using cros s-cutting
2“ T technologies only
EE Bicfuel: Minisiry of Energy's 15 Year &fematve Enercy Plan (1 00% aftarget)
RE-2: Fenewsables for eleciicty (Bazed an B0% of tota | known estimated potenfial)
0 RE-h: Fenewsables for heat (Based on B0 % of tatal kown estimated potentizl
EE-add: Additicnal 0 reduchon fhat may be pos=ible dus fo 10% energy s3ving scross sl seciors

v o - o .
I.ﬂ"IH-M"I oan ':':'2 HuL] '].'?TE'I":—I"I HATITUH 119 LA = FE A T3 3% ':C'2 FETHINATTTIEIE]

Source : Energy Policy Research (2" Phase) JGSEE, KMUTT
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v
(2) NaNIZNUNMIDON
=) d' Y Aa A Y . -y}
. mimuquﬂsmm Co, Nilasgaanluniswanaual (Carbon Footprint) Taglszmanann
Y d! S N v Y R .
Ha’ “UQ%%!TJ‘HNWWﬂﬁﬂﬂﬂ‘t&‘i’ﬂﬁﬂﬁﬂ] (non-tariff barrier)

* Sectorial Agreements

" yeanasvaanguilszmalumsaamsilasy Co, lugaavinssulywasavann

cement, steel, motor vehicles, aluminum, aviation
* Border Tax Adjustment
m [~ A A Y d' U =) v Y ] 1 d'
ﬂ'l‘i!ﬂﬂﬂ1ﬂﬁuﬂ1fﬂ1ﬂﬂi$mﬂ‘nﬂﬁﬂﬂ CO2 Gl‘lq!ﬂﬁﬂﬁﬂ‘Wﬁ\‘iﬂuﬂ’ﬂ‘ﬂu?mﬂﬂﬂ31ﬂi$mﬂﬂ
AN
* Minimum Energy Performance Standards

Y a v a v d A A a A Y v
" mslranasgrsganasnvsswantaunmeluilszmamominidszansmmmslynasany




man3sumadhginsvghegadriamivenluszina’ine

® Suitability of sectors to sectoral agreements

Uniformity of
Aviation product/processes

Aluminium

& .
Chemicals & MOFOI‘ @® Uniform
B vehicles B Diverse

General industry S. :
Agriculture & tee

/
= N Cement
Electricity & Most likely

@ to be suitable

LYY
Buildings a“:

International exposure

—

Concentration of actors

Note: Not to scale; positions are indicative.
Sorce: IEA analysis

Source IEA World Energy Outlook 2008
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A1UAY %
@ aamseaandaan i 83.31
® aavuas 48.44
@ nngad1MnI T 43.98
@ iivinedorazernsmaisd 6.39
ORTE 11.62
@ suiaviug 193.74

uvasdoya: $18UNAIIUYe915Me TNy 2008 (DEDE 2009)
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2030 m%uanﬂuslﬁuwammaa‘lm‘nﬂfu‘[aﬂ‘nawu mamﬂfufazﬂ‘nu Ly
ailetn Sl e
Usulaseadrezasnisaudeanldnisoudeniasu lds1auazniemi
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Uszmu‘naﬂ%wm'm‘lumsaﬂm'iﬂaaﬂﬁ"']"d C02 Gluﬂﬂﬂqmﬁqﬁﬂisﬂ ﬂ"l'i&lal;l?la\‘]l‘ﬂﬂ

(1 nsiiaUszEnSa W BinaseuzaanaIunssHNIsHER luawsaNaann1sUaasing Co,

o luszmulan
| ﬂ']ﬂﬂmﬁ']ﬁﬂﬁiuﬂ']iﬂﬁmﬂaaﬁlﬂ']?f CO 25% ?lélﬁ‘lfl\‘i‘viuﬂ

Q ammnnssaammmﬂaaamw CO

- LRAN WaZLRANNET 30%
- alawng (drulnaifadiaud) 27%
- UlmsiAd 16%

o Usznelng
ad mﬂamamnssumswamﬂaaﬂn'm CO 22% ?JE]O‘VI\‘]‘VI&IG]

Q aﬁlﬂ'lﬁﬂiiﬂﬁ']ﬂﬂl?lﬂaaﬁlﬂ']ﬁ CO

- alane 30%
- BTHITUAZLASBIAN 29%
- UlmsLAsl 16%

| qmmﬁnssu'ﬂfmmﬁl,l,azmﬁnﬁflé"wmsﬁq

3

2) ﬂﬂiﬂ?ﬂﬂﬂﬂﬂiﬂdaﬁlﬁ“ﬂﬁ CO AINNNAAN N mmammﬂ%?{%ﬁ’ﬁéaaaﬂ

[ = N —

o maammsnmammamﬂmmmmﬂszawsmwmawaomuae (Ve lFeuinnng
CO, Uae) 5
o nNsSUIUMSHARARIUAREANY CO, uag
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CO_-Emissions Aansnsaidem lUiuduanazusns

o m%uaw!mw%uﬁ (Carbon Footprint)
USu1euaasnidiSaunszan (greenhouse gases) fivdas
29NNINNBAININIY IR (life cycle) VBINARAUN K38
U3n15 ARLUY kg CO, equivalent (kg CO,-e)

e RANASUAU (Carbon Lebelling)
Laﬂmsﬁuamﬁ’aaﬂam%uaw!mw%uﬁ w3aUSHIuA1BLSoU
nsaﬁlﬂﬁ'gﬂﬂéaaaanmmaam"fgﬁﬂ'ﬁ%’im (life cycle) 29

NRAANNULAZUSANS
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E ng:wmwaan'ls{fﬂslﬁ’ﬁﬁwu Carbon Footprint Lag Carbon Lebelling

| U
o FrgananiIzlansau :
0 guslaaiandandnnariuazu3nisiidaas CO,- e A1
0 N15A9416351% Carbon Footprint #38113L7iA CO,- e YBIUAANMANAAN
agepaLilag

o anagnldidusasnisinnunlaildans (NTB)

" pAN1SNUYBISZUU Carbon Footprint wag Carbon Lebelling 1813

Anauszsindlng
o N158998NYDITAFINNTINETNIT AT AAFIHATINLNWAS

o MsddaanasanaIuNIINNISRANT LFAMNFUazAlulagludszine
o amannIsunldinaluladnndrazdivamnildain
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O #@21UNINTRANALUIAE WA UUYWLIEY (RES)

o alulagnazlduilsgUnasaunyuiiau (@Ina waafing ay WA
(] < ([ =1 a . a
AUIALAN 184) LLUNAIUlN LAz TaINRLUAIaINTINIALNENIS
UURI WASNITHAR biogas AnwaNALNANNNTaNLEAEILSUU5laEN

Taanalil Ltﬁ’qéﬁLL°1i\1°i’|“uﬁ“1_|wé’qmuwaa%@laﬂﬁmqLﬁsugmamﬁmzﬁmﬁ
N1ATNITATITIRd LaLNadaas N luans b

74

gadiAnanwludsdsanauligananasnawnuirainwdslagdalanivan
luilaqiiy

a 7=N o 1 (~4
e AsNNUSNNUNTLEVN LA LNsIALE
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O {A01BNNURINALULAENISIANNUTZRNENINNIS LENAIY (EE)
e EE (flunssuaumsannislinasnuuasnisiaaaing CO, Nanulasiign

o walulagdusuinnlseansninmslanasnulunaiAsegnandinc o3
ANuNFanLasaNgalsullgslvnaulaan

> nARARIUNGIN
- cross-cutting technologies (motor, boiler, air compressor “a* ﬁﬁﬂ%‘zaw%n’\wgﬁ)

- wAlUlaElaNIzaAFINNgsN  (NTHARTLNY  BgillaN NSz UaY N3
UseANTNINGA)

- wnlulagnanlni-aannsausan (CHP)

> AAUURAS
- 5@ hybrid, 98 plug-in hybrid, saa16 lWHA
~dfulasumalulaglaanisdsulaseasierasnisuuas

e N5ANATH EE Aadl1N1ATN1539lamIUNITRULAS BN HUSEANEN N
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Q 4071UANTAUNALUIALNITHARNLTALNARITININ (Biofuels)

- First Generation Biofuels
> N9HAR ethanol anunamanazuiledsldifiuaiunsans
> nnsuan biodiesel AntinsTuRduasluiudnigaldiuarvnsaas (ANLIUALIFN)
— wialulagiiAnunsanuwazdsuilgalating
- Second Generation Biofuels
»N19HARM ethanol AINTINIALALASY 52 ligno-cellulosic ethanol ¥15a LC ethanol

» NN9NAR biodiesel ANTINIALALASI K58 biomass to liquid biodiesel 15a BTL
biodiesel

— walulad@iasldfunisfulgdiauysaiunazisamasinanisisauas
WU
« Third Generation Biofuels
> msuanamsielagaialiing Co, daaianananLialiuandawaanas
— waluladfagruidauazwmu
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d darunnwaad Ethanol

0 Namvlﬁmnﬁmé’uqnﬁumnumﬂ (first generation)

n LilauSauluEasnaseuanaly (a1nnis9i life cycle analysis) wasRAIAMN
Faus

- ﬁﬂmwwlﬁ/’m Carbon Footprint, Energy Footprint tta& Water Footprint LL@%L%ad’lﬂzﬁ
msldunnlussasdunaznane (10-20 1)

" g clear thignfinilanan ethanol vinlsiiinfing CO, uaz N.O an

= TA59n19 ethanol Aa1uUWNINLHENY Sustainability Criteria 2249 EU (aanisdaas CO,
R90E19URY 35% LWALNEUAUNS b gasoline, b lENUNNARR1MNS, ldvianatln
§55NTH etc)

" WIUIN152RY technology LC ethanol (second generation) d1n3ia1alanan wazla
Andnazuwaadeniaigs lanialy 10 1
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d 407U NTNURN Biodiesel
" fanliingAuwizilaneanndd
- ﬁﬂmﬁﬁﬁﬁu Energy Footprint and Carbon Footprint Yasgnan ethanol

al 'y, a a < & a P 'y,
" JANANTAUGY NHANEMNNALTUITDNAIVRIBINIALIU WATHAINARINIS
luauiAnganin

" ARINARAINIROALAYN 9] WANAINUINWNTW52 LT technology BtL Biodiesel

(Second Generation)

" WEWIN15URY BiL Biodiesel SNUIMINININANARDILNDNNIN NIUU

gasification WAL F-T process
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WRIULTN8Y (Nuclear Fission)

0 ANNWSaNABLNALULAE (QNWRIUIAWLNAY 60 TLan)

= mﬂTuTmemumewmuﬂuauwimmu (Gen.lll: AP1000 az EPR) A NUaannanin
ot (passive safety features) ‘ﬂ’]ﬂﬂ’l'ﬂ“ﬁx‘i’]ﬂﬂ’l’]"ﬂu 60 1)) W Us=Taallaanniy
(availability: 92%)

 Aaavmunaluladldaduastesaiiias (Gen i+ uas Gen. V) Feanadnazldlaluida
Wiz nautl 2030

" Gen.lV (FBRs) tnilse@nan1nwnnsld Uranium la 30-60 141 (@unsauilas U-238 15w
Pu-239 FelfiTludaiwasls) vinldaunsald Uranium Afaglauiutiuain 85 1 iy
2500-8000 1

a n1slawasnudsunaluilaqiiu

= Alselwilleunny 438 Telu 30 dszimanalan unslssdldaunnuaaiian 40 1

B JN1R9N1SHARSTIN 372 GW UazNARANRIU WA LaUsEe 15% URININNA
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WARIIULUTNY

Reactor Vessel

.7

| | t 4-Loop Nuclear Steam
Presnoizer Supply System
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WARIITULTNY

‘\\

Workshop {o]§ I\/Ianufacturlng of EPR’s 'Components
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WRINUUTNIY

e
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Steam Generator
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Nuclear share of electricity generation by country, 2006

Share of power generation

\ \°\\@ 206030 Lo 6\'\\0 Q\C\O@C\Q&A\o\,\b\o@\ &
O R A e M S AR S S P P,
RS TR & 3o o '1“"6 Oz‘ (}2

<0 s*

Plans and proposals for new nuclear power reactors

B Planned
Proposed

Number of plants

Source: IEA Energy Technology Perspectives 2008
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Average United States nuclear electricity production costs

H Total
O&M costs

B Fuel costs

US cent/kWh

. T |
1990 1995 2000 2005

Nuclear engineering degrees from United States universities

E BS.
B MS
Ph.D

Numbers of students

I T

I I T T 8
1999 2000 2001 2002 2003 2004 2005 2006

Source: IEA Energy Technology Perspectives 2008
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C Fuslon Reactlon
Plasma chamberlined j 1 i
with 440 blanket modules :qus"(ﬂulj:ﬁ. . neuterium . He"um
: ) % J*- Ener 1
Tntlum / gg
i : @ Neutron

; Next-Generat-i_oh _
Fusion Reactors

Project  Place  Online it
RS Dhim s P00
| SST-1 ‘ndigys . 2006 ¢
K-Star  Korea 2008

MIE s 2009
[TER . Gl France | B0ME. «

NCT dapan. a0
(Source: Scientific American, Sept. 2006) ' s
(Source: Scientific American, Sept. 2004)
® ITER (International Thermonuclear Experimental Reactor) » TasamsIveszaulanlaed
aandn 7 Uszima US, EU, Japan, China, S.Korea, Russia #ta% India
® nldnveamMsNauNAlulat Nuclear Fusion:
" ganndsny i@ anmaivdldlinew 2050

 gilumalulagvesanissun 22
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Status of Nuclear Fusion R and D

Energy Produced from Nuclear Fusion Research
In the early 1970s :
1/10 Watt for 1/100 second
Today :

10 million Watts for 1 second
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CO,-Capture and Storage CCS (maf%’uumﬁ’mﬁuﬁ"w CO,)

® nAlulagiannidg co, aana nnguaNlasun1sNaILIg 1 us Ul luszau
ARFINNTTNNDLUAT

(- %3 al 1 eV [ [~
® g9ARINNITNARALSTZUUAKBULUNAZUURING CO, a1uruNINanlss W w1 L Au Ty
TASIRSIININESUINYTILURNIZAN WFaLBNITETTNTNE/ UTNUN LN TR

© tlaqiiuladinisiseainunagaussAuAULLLSEUL CCS tunaalssina uazszau
UIUNTR

® IEA madnatulag CCS azlasumsnaiuauanysainasldlszTaguidaninine
Tanausitl 2020 itlusulyl

® dszuunisA ldanaMNNARaINNI5 g5z 11 CCS lTun1sAannades U I WwIa na U
NUNTDNDESTSTNTE B

1aq1iy: USD 0.02 fia USD 0.04 sia kWh
w1l 2030: USD 0.01 @9 USD 0.03 e kWh
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Lithium-lon Battery, 90 Hybrid, 90 Plug-in Hybrid wazsaaun I

® Tuda9 5 Trunn walulad lithium-ion battery lasunsWmuIatemIngzlng
InganAawRIuINTIaIu lunAlulaE waziaslasunnswaun 1R uasng
AaLLag

® 50 hybrid masnanmum"lﬁmuamemLﬂsmﬂummﬂuumemwmmuw
'm'uLamlmLﬂ'sfamﬂﬂmtmﬂemammuu”lm 10%-40% NANNULTINTE
AN

® 50 plug-in hybrid m%wmmu”lwﬁmmauvli‘lu battery Tafiuunnlunjaulu
mmsnmmmsmumqu,aq,amma”lﬁmuummnmma@nammm

® snsumlnAnAitszaznedulAfanls 100-150 NN, ABNTEISALLALADS 1 A5
N1R3AANEARIA (meme@"lu“lm 80% UBIANNRURY battery 1hLaa1 20 U

® uLLmT,uumnﬂumw"lﬁ‘lummmu"lummLﬂuenﬂumdlwﬂﬂu'an 20 Ta191un
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Fuel Cell Technology

® Fuel cell Taommnzoenadsi 1 lumsuuds
H,FCVs g9 luansausdulalugandyd
aelu 15-20% vennEiimINaLI1aA1)
A5z laa (breakthroughs)

® Fuel Cell System

" 51A1d090A0IBNBE1NTRY 5 111

" JoatlSui)geduiaquazginsaiiiie e gns 1%
<:D NUUIUAY

® Hydrogen

" 91719
= mswnwiiilyn
Source : IEA Energy Technology Perspectives, 2008

= 3j3] distribution system
® 59 Plug-in hybrid 13 iﬂ“l%lﬁnﬂummmmﬂm

VN H2FCVS ﬁ'ULH@Q%WﬂWGMUTﬂﬁﬂI@Q battery
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" malulag
L% U U ﬁ'
- aumnilagiiu Wannmslueiaa sazilsaumaunumalulagaig
- dsz@nsmumslinswennslumsulssilnasny sazmslanfSaumdsnasny
- agiszasnlumslfinalulat
- anuiluaninenms
J
IATHGATNS
- malulagaesiinaluszaunaeniulduazaamsiindn
A v
aunnaaw
= WANIZNUABTUNAANYNIZAY (3zAUaN ITAVYUMA 1AZIZAVNDIDY)
aany
F'%
= msnsnumeluilszina
NYHINY
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9 (Y Lﬂl (Y A o Lﬂ' 1 (A
@ GU'E')ﬁ'ﬂ!,ﬂ@]!)ﬂfJ’Jﬂ‘U\‘i']u’Ji]stluﬂﬁglcﬂﬁllﬂfﬂlN'I‘L!ﬂﬂ (GlGlaflxi‘leI ~2,500 a1, 11 3 Yneu

1)
(1) datidrumsunilgmmasnunsuaiuvesiszme ng lidanu

(2) vindTeazritisnuaiuayunIteuNdIngs ilidoyaneiudnenn Wauinsved
= 9 [V ~ 9 Aa
maTuTad uasilymaunainuvealssmanuias
v Awv 1 d! 9 o Aav Y = lzé (Y] 1= 1 =
(3) Wnidedrumiutuiiideama I Tag Inudeezde lulnansznudemsygnauas
Y = d& A A o d' 9 d' o 1
dannInalu 15-20 1 eriivwanuIdensgldaeudmmua
(4) adednveansideninaalsms

(5) #:lisi R&D Roadmap undsnuszduilsemeiimmzan

Y (Y

(6) vaunainItedunaa
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JadenlFlumsmrivansaumsdsamunasnsludszng ne

(1) inanusiunsmunasani

® Jfunasnasnumelulsanaliuniga
9 Y 1 =\ Aa A
® Jynwasnuednaulszansmngaga
® I¥ndinunNvarnralgLazNnLHaINaInyiaie
2 Y ] (7] d lll vl J
(2) mvauszaumsdasamamsveulasonlua
® wudszansninmslengeany
[ d' 1 1 ()] 1 (&)
® wumsliwasnui lildesmy CO, nieildesms CO, s
" pdenunyudeu h Fwna uaeeiad aw)

()] a
B DIETITNLIN

= pasanulsng

* Ifyamaseadanouiumalulad CO, Capture and Storage (CCS)

(3) Aramnvesuvasnasnumelinlszims
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® msIvemandsnuiinislasuszauanusnugga

(1) ms3sanazinligmamiumslanasaunyuisy (RES) luilszina
(2) ms3vanezillgmamindszansmumslinasau (EE)

(3) ms3deiazriligmaiiumslfuvasnasnuouq mealulszma v anlun

HazWadH)
(4) maenamssumsmslimalulag CCS luilszmalne

(5) msFuBalamanemsananunionlumslinasnuilsinggnondandsa

Tlath
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urasnasnundnveslszinane

(1) waovIuRYUIDdU (Gouda waourdguralan au nazin)
® Un1sUs:ziludnanIWIAzINA1AUAINANATVTD0NISIVIUAD
® doulnniisnado

2) N1ESSSUTIR

® V) proven reserves Us:zu1fu 16000 bef naz1slaan 20-30 U Tuoasinasld
Uvauu

® wwunisldlula iwsazUvauuaaotngauszuam 30%
anlun

® i reserves Uszu1fu 3000 Mton 1az1d1adn 60-100 U TuansanisidUaauu
(2400 MW)

® juUsurnuwonv:ziwunisidlaanualuaivisanilalugm=t itiaov1ndynn
douoaaoy

waoun
® 1 reserves 9nUszu1fu 7000 MW
e Tuawisawmunwuiaulaitaovrnduniniotiodadnganazaoudanasy
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Y
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uriasnasnundnveslszinaine

U

unasnasnumelulszmandnandgslsladudanamnuea luaansamiamslalaluiagii

(1) Lignite
d  Wwaawaooullih 2400 Mw Tutdagiu
L] T reserves ~ 3000 Mton 186i01U165n 60-100 U (lgwaanasnu Iuduny 1asn 2500 MW)

O TawisaiwusasnswaalddniiovonUumaonoadoy
® Uvguuldasunisae@iuvindonu

o fovastvanuuubdlAtndeaumudrymasuoadouszauroonutazuryn1goonsiiiy CO,-emissions lnan1s1d
malulagwavoiulny

(2) Hydropower
L T reserves 8nUszuiru 7000 MW Ao=wouunwula
O Tdsunisadadusindoauluidoowans=nuasszuuding Fo0adoU 9a
O dovashoaowuubliundoaulasnisldszuunaznaluladlng uasszuuusmslny

O aosinisusadunudliugoolsurruwaoviulwiino=ldoinwavingools=ina

(3) Renewables (WAIUHNUIEL)
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Huwnassundinaaslssina

e Uscindwowngoiwaowoddansn 80%
© Thailand Primary Energy Consumption (PEC)
Total Thailand Primary Energy Consumption in 2008: 110 Mtoe

rHydro. 1.5% Blomass and

blofuel, 18.5%

N
\\

Fossll fuels
(coal, oll and
gas), 80%

Source : Thailand Energy Situation, DEDE, 2008
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Huwnassundinaaslssina

* Anqayudoldwaovruno 35%
Final Energy Consumption by Economic Sector
= Total Final Energy Consumption in 2008 : 66.3 Mtoe

Other, 0.40%__ ___Agriculture,

- 5.20%

Transport, _,
T
35.10% .

— Manufacturing,
37%

Commercial, _—

7.10% Residential,
15.20%

Source : Thailand Energy Situation, DEDE, 2008
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Huwnassundinaaslssina

®* 191 70% Yoowavou WilNaNWwanv1INAIE5SSUTIR
Tvpes of Energy Used For Electricity Generation (Present

Hydro Renewables

5% \ 2%
Elect. Import

1%
Natural gas

1%

Coal & Lignite
21%

Source:
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® 3 1NANIAINNI 90% VDINAINTUHYUDIUNIHUA

Final Energy Consumption (GWh) by 2016

Short rotation forest, '_Biagas. 3,275 GWh
i i Yo 1.4%
Biomass residues,  /9°° GWh (3.43%) | (1.4%)
21,628 GWh (9.3%) | ~MSW 3,196 GWh (1.37%)

Small Hydro 2,651 GWh
(1.14%)

Conventional,
192,742 GWh (83%)

unasdoya: MIeFIU Tewenasnulas ¥a5. H9IATUMTATUAYUIIN AN, 1Az AUN. (2550)
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Energy Intensity

) |
WWorld | oo1z2e

Aoz

Thailand

Malaysia

Fhilippines

Chin=

Indi=

Japan

s | ojooa7

001 0.02 0.03
Energy intensity (ktoe/mB)

(Source : IEA Key World Energy Statistics 2008)
® Energy Intensity ¥93Uszind Insgaguiameunuvesdszimaimouing
a A Y v % Q' Y
= 3fszansmnmsisnasnuludszmalnadainnlaonunn
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(Y (Y Q' a A 9) (Y
ﬁﬂﬂﬂTW"U’t’N‘W@NTllﬁj\qluﬁﬂulm$ﬂﬁﬂ/\lllﬂﬁ$ﬁ‘ﬂ‘ﬁﬂ"IWﬂﬁi%WﬂNTlﬂl!ﬂﬁ%LﬂﬁllﬂEJ
Energy Efficiency

Potential of Increasing

260,000 -
240,000 +-

daeg g ; TH B Tansisvitianavenid

180,000 - - - B =g 2011 2016

140,000 4-- -~~~ f omne
et a T W W O R N S % 5.4 11.0
100,000 4-| }-=-4 |---o p---l b1 feeed peee] Feeof peeed fesd] Feeo] pe
80000 +-1 -1 I I Reduced Demand for E

60,000 +-{ |- === }- ¢ tional Electricity g S s O WAIIIUUN U UU
swo00 4| |- |---{ }{ Lonvento k A bl b 2011 2016

20,000 +-{ f---q |- Fo-- 1 GWh 17,467 29,907

O 1§ ¥ 1 ] L] ¥ L] L] L] L 4 R 1
2006 2007 2008 2008 2010 2011 2012 2013 2014 2015 2018 % 0.8 128
Year

e
=
lg
®
@
e
@
o
£
i
-
D
=2
L

Source: Energy Policy Research by KMUTT, supported by EPPO and TRF, 2007

12-13 W.8. 2551 waenumadendmsumsnan luiwazmsvuda
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® Potentials of Domestic Energy Resources for Electricity Generation

Biomass residues,
43.30%

-

Biogas, 9.10% pasw, 9.90%
. ‘>hort ratation * Small hydro, 7.50%
. forest, 26.20%
N _Solar (PV), 2.10%
o F

__Wind, 1.90%

Lignite, 24.80%

Hydro, 35.40%
(2400 MWea=™)

Please do not quote
Renewables , 39.80%
{2420 W a*)

(3B54 MWe™)
MMaximum additional electricity installed capacity —_—
based on domestic energy resources
(9670 MWe™)

—

Additional electricity installed capacity needed between 2010 and 2021 ————>
(25290 MWe*)

W% AT

* Megawatt equivalent : Capacity in megawatt of a power plant of PCF of 0.9
Sources: Adapted from JGSEE'’s Energy Policy (2008), Thailand PDP 2007 and DEDE report 2008 and Thailand
Energy Situation, DEDE, 2008)
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® Potentials of Renewable Energy Sources in Electricity Generation

 Maximum additional electricity installed capacity based on domestic

renewable energy sources : 3854 MWe*
Wind Solar (PV)
(1.9%) (2.1)%

Biomass residues
43.3%

Please do not quote

— Short rotation forest
(26.2%)

Biomass based REs : 88.4%

* Megawatt equivalent : Capacity in megawatt of a power plant of PCF of 0.9
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® Potentials of Biofuel Production Compared
with the Present Consumptions of gasoline

and diesel

|
|
g
|
|
-

Maximum
potential

l Fresant consumption

Please do not quote
A

Maximum

/ potential

Fresent consumption

9 ml/d Target for 2022 Target for 2022
r

v

Gasoline/Ethanaol Diesel/Biodiesel

_ Gasoline Ethanol (Source : Adapted from JGSEE’s Energy Policy

Research 2008)
_ Diesel _ Biodiesel
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Run-of-River Hydropower System (RHS)

Pedestrian and cycle path

/ Tail water

152,42 m (MWas)
r

O deenarivpuilde
o sAnmfnemwveswEniuginiehe
o msnmmnihiidmanatin msugmand aguine tazFenlumsliszoy rREs iulszmalng
*  mseenuuuiaziannszuy RES Taeldmaluladuazaunselliszmalnelfinniiga
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® Snwulateerminasmslumsinmslsnasnuanlumswannasnnih
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® ianNszuy PV 151719009

® SyuAUMARITHIUMINHHINMINAANAIU]A8TIHAI (balance of system) VY1
lszma

AnHUTIH BN NAHITZUVUSH1sdamsNuzan 19szuy PV lusuuniidlna
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** NTAUMSISEAIUNANIUNYULIBUEDY Cluster WAINUTAY HINT.
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** NTAUMSISEAIUNANIUNYULIBUERA Cluster WAINUTAY HINT.
nodooludvaszg=lnanaio (Joauu-2020)

NANY 1 A1AUANNAIATYFILALLTIAIY (LFEIATNAIAUANNANATY 1-5)

Biomass residues
Bioethanol
Biogas

Solar Thermal
Biodiesel

Energy related environmental issues (1Hutlsziaufianeinaenus iguatiaduinalinislszandld
walulagffeadasiu (1) 8 (5) Fanalulallageiu)
NANY 2 A1AUANNAIAYLNUNANN (FE9AINAIALANAIATY 1-5)

Fast rotation plants

Small hydropower

Wind energy

Second generation biofuels
Solar electricity

Waste-to-energy ﬂ@:&lﬁ3 ﬁ’]ﬁ‘].lﬂ’ﬂ&lﬁ"lv ’1

1.Hydrogen
2.0cean energy
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" Hodaviudvgs:=a=zlnanaio (Uoguu-2020)
* navinaluladnijarauadiudianydoda

d1gawanou adwdrarugo (Tier 1) aowdrarusao (Tier 2)

1. Biomass residues lunazgemoos morwu wio auuaszlugolwua

a0

nzanadiau

2. Bioethanol yudru=nao J19WI9H1OU

99098 /n1nU1A1a

3. Biogas u1dgv1naad1nnssy yadnd Walslaiso
gg= JdaInaanonio

N1SINY61S

4. Solar thermal Low temperature High temperature

5. Biodiesel unuulnav dayon

NHELUR 1 XXXX XXXX  A1AUAINAIALINY
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" podoviudvas=azlnanano (Joguu-2020)

* nauinalulagnanauadudiaguiunano

ANUIWRINY

AANAIATYR (Tier 1)

ANMNAATUSDY (Tier 2)

. Fast rotation plants

g unulniga

TN

. Small hydro power

o A v P
UNVNNE LB Y

Run-of-river

AN (Micro hydropower<100 kW)

. Wind

Small wind turbine

Large wind turbine

Off shore

. Solar electricity

PV

CSP (Concentrating solar power)

. 2" generation biofuels

Cellulosic materials

/11578

. Waste-to-energy

VLSTNLY

VALAAFINNTTN

. Hydrogen

Biohydrogen

Electrolysis

Thermal

. Ocean

Wave, Marine Current

HNLLKG .

XXXX XXXX  §10UANNEIA LN




