l N

é_} ASSNSIINWAIITIU ~» | Eneroy
() MINISTRY OF ENERGY RESENRCH
Istitute

Ussyunqueae

“AImauIANaIIILlng 2558:
N19L59NN15AANINAU IWHY

1ASINISAINTIADIEDIUNITUATUNAITUIN D FUDIULYUNYATUN AU LAUUTEINA
ﬁaaﬂizﬂqu 6 ¥u 15 Energy Complex 8115 B NTENTIWAINY

21| 161191 | 255




a1 N

1. NUNIULUIAANTITIANINTNIUIARNRI9TUINY 2558
\

(

A

2. NMMNAUIANNTND1999 (Reference scenario)




1. n15U5uU34e Load profile
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1. n15U5uU54 Load profile
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1. n15U5uU34e Load profile
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1. n15U5uU34e Load profile
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1. n15U5uU54 Load profile

A29819LLUINIINITUTIITINNTS Load profile
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Peak Clipping Conservation Load Building
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Valley Filling Flexible Load Load Shifting
Shape

fin: https://cp.tatapower.com/customer_care/save-energy/explore/difining-demand-side.aspx




1. n15U5uU34e Load profile

Example: Electricity storage with daily price variation

Flattening the daily load shape, 24-hour period example

gigawatts 7 ,
storage sells power
70 at higher daytime pnces
60 less capacity is required to meet peak demand
% smaller range of energy supply is needed
higher mimmum demand allows more plants to

40 * operate at maximum efficiency

storage buys power at
0 ower ovemight prices
20
N SO ....... actual demand (without storage)

effective demand (with storage)

| T

0 f 1 1 4 1
12.00 am 600 am 1200 pm 600 pm 12.00 am

k fian: Energy Information Administration (EIA)




1. n15U5uU54 Load profile
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2. AngnInn1ssuda lNIInUsemALNa U

Import gas V.S. Import electricity
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2. AngnInn1ssuda lNIInUsemALNa U

Import gas V.S. Import electricity
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fia7: World Energy Outlook 2013, IEA Q/




2. AngnInn1ssuda lNIInUsemALNa U

ANA9NSHAALAZNITSUYD INTHIR UYL PDP 2010 rev 3

naansHanlWilna Tudae U 2555-2573 MANIZAHER
Y\
Isalihauitu (naluladauiuazen) 4,400
Isalnhfinesssuans 25,451
15l dedes 2,000
Tsalniswunneg 750
Tsalnindsnuauseusiy 6,374
Il nasanunauwnu 9,481
nsSudeliihanUsswmaiteut 6,572

Yafmualuwuy PDP 2010 rev 3:
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Tariff MOU ua3

Source: PDP2010 rev 3




2. AngnInn1ssuda lNIInUsemALNa U

PEOPLE'S REPUBLIC OF CHINA
YUNNAN

k Source: http://www.geni.org/globalenergy/library/national_energy grid/asean/southeast-asia/arsepe-powergrid3.jpg




2. AngnInn1ssuda lNIInUsemALNa U

Power generation in selected Asean countries; in billions of kilowatt-hours

CHINA == Existing m
73 power lines 2010
.’Y 2 = planned ¥
LT lines 2020
MYANMAR
PHILIPPINES
______ N - Philippines

129 |
THAILAND
CAMBODIA . 808
Thailand

145.3

VIETNAM 2266+

BRUNEI
242.9% |

MALAYSIA
SINGAPORE

Bakun
hydroelectric plant '

S INDONESIA ‘
1182 161.1
159.3* 368.1%

|
k *Farecast Source: U.S. Energy Information Administration, ASEAN Center for Energy @/
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Project (as of 17 January 2013)

Existing Projects

- Thailand - Malaysia (Sadao - Chuping)

- Thailand - Malaysia (Khlong Ngae - Gurun)

- Thailand — Cambodia (Aranyaprathet — Banteay Meanchey)

On-Going Projects

- Thailand — Malaysia (Su-ngai Kolok — Rantau Panjang)

- Thailand - Lao PDR (Mae Moh 3 - Nan 2 - Hong Sa)

- Thailand - Lao PDR (Udon Thaini 3 - No Bong — Nam Ngiep 1)

- Thailand - Lao PDR (Ubon Ratchathaini 3 — Pakse — Xe Pien Xe Namnoi)

- Thailand - Lao PDR (Khon Kaen 4 - Loei 2 - Xayaburi)

Source: ASEAN Interconnection, EGAT, March 14, 2013

1980

2002

2009

2015

2015

2018

2018

2019

USuraulnin
((YA'V))

80
300

100

100
1,473
269
390

1,220
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Usunaulwiln

Project (as of 17 January 2013)
(MW)

Future Projects (cont.)

- Thailand — Malaysia (Khlong Ngae - Gurun) addition 2016 300
- Thailand - Lao PDR

(Nong Khai — Khoksa-at, Nakorn Phanom — Thakhek, Thoeng — Bo Keo) 2015 600
- Thailand - Lao PDR (Udon Thaini 3 - No Bong — Nam Theun 1) 2018 510
- Thailand - Lao PDR (Ubon Ratchathaini 3 — Pakse — Nam Kong 1) 2019 315
- Thailand - Lao PDR (Ubon Ratchathaini 3 — Pakse — Xelong 4-5) 2020 630
- Thailand - Lao PDR (Nan 2 - Tha Wang Pha — Nam Ou) 2023 1,040
- Thailand = Myanmar (Mai Khot — Mae Chan - Chiang Rai) 2016 369
- Thailand — Myanmar (Huteyi — Phitsanulok 3) 2022 1,190
- Thailand — Myanmar (Ta Sang - Mae Moh 3) 2024-2025 7,000
- Thailand — Myanmar (Mong Tong — Sai Noi 2) 2025 3,150

k Source: ASEAN Interconnection, EGAT, March 14, 2013
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Usunaulwiln

Project (as of 17 January 2013)

Future Projects (cont.)

(MW)

- Thailand — Cambodia (Battambang — Prachin Buri 2) 2015 300
- Thailand - Cambodia (Stung Meteuk — Trat 2) 2017 100
- Thailand — Cambodia (Koh Kong — Chsn taburi 2 — Pluak Dang) Beyond 2020 1,800
Total

Source: ASEAN Interconnection, EGAT, March 14, 2013
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Q2: lunsainangn Aadruszmalngazaunsaausaszuulwdnazausasudaluii
AudszwmainaudulauInosualnu ?
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Efficiency of power generation by fuel type

——@Gas-Fired

—Qil-Fired

Efficiency of power generation by fuel type

——Coal-Fired

1990

1992 1994 1996 1998 2000 2002 2004 2006 2008

Source: International Comparison of Fossil Power Efficiency and CO2 Intensity, ECOFYS, Update 2012
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3. UsZansn1wn1snan a2 1uun1sWLN

L ldunazRANn19an1IsAHaL s g 1wy

New & clean power plant @ 100 % load, site in &% (k1] CO, capture rate ~ 90%
Germany, bituminous coal; 60,0 60,0 60, incl. CO, compresssion
condenser pressure = 4 kPa, LHVcoal = 25 MJ/kg, to 100 bar, w/o transport
334,5 gCO2/kWhHu and storage

e
ot 50,0) et 519

Net Efficiency (LHV) [%] /
+246,0 :I 46,0 i
3

M,BI
42, 430 43,5 43,
41,
___________________________ COz-Emissions [a/kWh] 3
727 669 656
: e
SPP SPP SPP IGCC SPP IGCC CCPP CCPP SPP700°C IGCC 2020
subcritical supercritical 600°C 2006 700°C 2020 2008 2020 CO.-Capture CO.-Capture

Source: Energy Efficient Solutions for Thermal Power Plants, Energy Efficiency Technologies ANNEX Ill, WEC, August 2013

SPP = Steam Power Plant,  CCPP = Combined Cycle Power Plant, IGCC = Integrated Gasification Combined Cycle @




3. UsZansn1wn1snan a2 1uun1sWLN

Carbon Dioxide Emissions vs. Net Plant Efficiency

(based on Burning Pittsburgh #8 (Bituminous) Coal)

0.90 30
CO, Emission, tonne/MWh Percent 09? Reduction from
0.85 ¢ = il Subcritical PC Plant T 25
T
S e
% 0.80 =+ <+ 20 %
2 3
S &
g 0.75 4 -+ 15 8*
‘» Ultrasupercritical a2
g PC Plant Range 9
w + + o
5 0.70 10 K
(@]
(&)
Subcritical
0.65 - PC Plant 45
0.60 < 0

37 38 39 40 41 42 43 44 45 46 47 48 49 50
Net Plant Efficiency, %

k Source: Increasing the Efficiency of Existing Coal-Fired Power Plants, Congressional Research Service, December 20, 2013 e/




3. UsZansn1wn1snan a2 1uun1sWLN

AnanrnnIswaIUsEanS A wdmsulselihnhuasedludagdu (i)

walulagniswaundseansamlssiniaaiuiu Uszaw%(::/q:\u,ﬁu%u
()
Combustion Control Optimization 0.14% - 0.84%
Cooling System Heat Loss Recovery 0.2% - 1.0%
Flue Gas Heat Recovery 0.3% - 1.5%
Low-Rank Coal Drying 0.1% - 1.7%
Sootblower Optimization 0.1% - 0.65%
Steam Turbine Design 0.84% - 2.6%
Total 1.68% - 8.29%

Source: Increasing the Efficiency of Existing Coal-Fired Power Plants,

Congressional Research Service, December 20, 2013
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wuRldunIsaINIUsEANSAnlssinWanauiunazAnusssuyIf

150 50% B Efficient coal

oW

150 5% @ Supercritical

120 50% W Subcritical
50 A5%, Gas turbines and
(zas steam
B0 apv, W CCGT
30 355 <» Average efficiency
I : [right axis)
. 30%

El]ll MP5  EAS 2011
2035

l:ual fired plant Gas-fired plant

Motes: NP5 = New Policies S5cenario; EAS = Efficent ASEAN Scenano.

k fi111: Southeast Asia Energy Outlook 2013, IEA @/
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w2 luNIsHRINIUSEANS AwNsuan LW nTu7a

Table 1 — Typical Data and Figures for Power Generation from Biomass

Data Confidence — Power generation from biomass includes a number of processes and feedstocks. Data refer to
typical technologies but wide ranges exist. depending on process. feedstock. transport and local conditions.

Technologies Efficiency Typical size Typical Costs :

% (LHV) MWe Capital. SKW Electricity, $/kWh
Co-firing 35-40 10-50 1100-1300 0.05
Dedicated steam cycles 30-35 5-25 3000-5000 0.11
IGCC 30-40 10-30 2500-5500 0.11-0.13
Gasific.+engine CHP : 25-30 0.2-1 3000-4000 0.11
Stirling engine CHP 11-20 <0.1 5000-7000 0.13

k ﬁm’lz Biomass for power generation and CHP, IEA
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3. UsZansn1wn1snan a2 1uun1sWLN

Advancetinorganic hindiim technologies

ted IV] compatids,

thinilm silicon

Crystalline silicon technologies

Efficiency tongets
(commercial modules)

Industry monufacturing aspects

R&D aspects

Thin film technologies

Efficiency tongets
(commercial modules)

Industry monufacturing aspects

R&D aspects

kﬁ"m: PV Roadmap, IEA

2010 - 2015

= Single-crystalline: 21%
*  Mudti-crystallime: 17%

= Silicon (5i) consumption
« 5 grams | watt {giw)

= Mew silicon materials
and processing

= Cell contacts, emitters
and passivation

= Thin film 5 10%

»  Copper-indium/gallium
(CICE): 14%

»  Cadmium-telluride (CdTe): 12%

* High rate deposition

*  Rol-to-roll manufacturing

» Packaging

» Large area deposition processes
* Improved substrates and

trancnarant rondictive nedes

2015 - 2020

= Single-crystalline: 23%
*  Mult-crystallime: 19%

= Siconsumption < 3 gfW

*  |Improved device structures

= Productivity and cost optimisation
in production

= Thin film 5i: 12%

= CIG5: 15%
= CdTe: 14%

» Simplified production processes
» Low cost packaging

= Improved cell structures
* Improved deposition techniques

2020 - 2030/ 2050

Single-crystalline: 25%
Multi-crystallime: 21%

Si consumpdtion « 2 gfW
‘Wafer equivalent technologies

Mew device structures with
novel concepts

Thin film 5i: 15%
CIGS: 18%
CdTe: 15%

Large high-efficiency
production units

Advanced materials and
CONCEpts
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Q3: Tunsalnanga Aradnussmalneazanansanauilsgansnwnisuaaliilauniosualvu ?

AuuAgIuUTEENS A LazAu UM sAa Wi udasUssndmSulsewmelng

Overnight New New
Lead Capital Fixed Capacity Effi- capacity capacity
time cost O&M factor  ciency Lifetime to 2010 2011-2020
Years USD/EW USD/EW % % _years MW MW
Coal 4 1,237 43 90 33 30 4,117 6,000
Petroleum 2 450 9.6 80 35 30 - -
Natural Gas 3 1,000 20 90 45 20 18,458 4,000
Nuclear 6 1,600 60 90 non appl. 40 - 2,000
Wind 1 1,120 23.3 30 - 20 100 5,000
Biomass 1 1,400 42 80 35 30 200 1,000
Ocean 4 5,000 40 35 non appl. 50 200 1,000
Hydro 2 2,500 20 45 - 50 100 1,000
Geothermal 4 500 110 80 - 50 100 1,000
Solar thermal 3 3,000 40 20 - 20 100 1,000
1Y 2 5,000 12 15 -1 20 100 1,000

Source: EPPO (2004), ELA (2005), ICRE (2004), ILASA (2003), author's estimations

flan: APERC
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Total Energy Generation by Fuel Types

As of December 2012 (preliminary)
Total Energy Generation 173,250 GWh

Renewable Energy 13%
Domestic 7%

Hydro 5%
Biomass, Others 2%
Lao PDR 6%

Hydro 6%

Natural Gas
67 %

Import Coal
99%p

Diesel 0. 1%"

43

k Source: ASEAN Interconnection, EGAT, March 14, 2013
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4. YUALIBLNATIUN1TNAR WA

Generation Mix MUY PDP2010 rev3

9%  10%  10%% 11%

M Diesel
Renswables
Fuel il

WMEGAT-TME
W Natural Gas

Import Coal
W Lignite
W Nuclear

2013 014 2015 2016 2017 21018 21019 2020 12021 1011 1013 2024 2025 20

k Source: ASEAN Interconnection, EGAT, March 14, 2013
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18%
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55oL | 26%
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k — Coal

YUALYDIWAILUNTITHEN LW

QECD
Jéiﬂm{l'
8 000
& 000
000 i
]
J:i“i-ﬂ
2 000 i
- _"“----—--.I
19490 2011 2035
Mon-0ECD
= 10000
= -
8000 e
‘ F 4
.|I"'
& 000
’.
4 000 ‘.f "F
/l"l’I
el e T
1991]' 2011 2035

Renewables — Gas Muclear — il

—

Aaansalusunun1suanninandamasussnnaneg lu

AN New policy scenario

OECD 7629 107% 11827 13104
Coal 3093 3 618 3529 2775
Gas 770 2 630 2 855 3 358
il 697 345 145 g4
Muclear 1729 2087 2 300 2412
Hydro 1182 1388 1490 1615
Other renewables 157 728 1504 2 820
Non-OECD 4189 11317 16172 23983
Coal 1333 5522 7089 9 537
Gas 960 2217 3128 4915
il 635 717 652 472
Muclear 283 457 1100 13881
Hydro 963 2102 3 065 4212
Other renewakbles 15 263 1138 2 965

Source: World Energy Outlook 2013, IEA @/
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ANNIsaLLALENNIaInsHanlsslnAndedesnalan (7w New Policy Scenario)

QECD

.'_‘_.i.bll-""" Ll
w
LR E g

"ttsssnssss DECD excluding Korea

China

Other non=0ECD

n T L] 1 F 1 n 1

1970 1980 1990 2000 2010 2020 2080 2035

Source: World Energy Outlook 2013, IEA
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Uszanaunisaununisean il eagluanigawsng

250 - 2019 2040

2 . .
S I Variable O&M | Variable O&M
© 200 W Fixed O&M B Fixed O&M
7]
3 B Levied Capital M Levied Capital
C =

<
=
2 = 150 -
=
T &
'g ﬁ100
8
2 e
9
- 50 -
£
)
wv
L

0
= U ) ) — b 5 = A §e; = = W
@
S 8 v = 9 < g 5 & 5 5 L7
e ¢ g g 2 9 2 S 3
<

Source: Levelized Cost and Levelized Avoided Cost of New Generation Resources in the Annual Energy Outlook 2014, EIA, 2014 @

- 7/
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Uszanaunisaununisuan il asdmiuuszmalneg

B Investment cost

wo lID
: ; ; Fixed D&M cost
oo | |
: i i mFuel cost
Mugclear I - ; !
Biomass l - m Externality cost
worc: [ |
ocen [
ceo 1 I

Efectricity cost. c/kWh

Geaothermal I

Source: Renewable Energy In APEC, Asia-Pacific Energy Research Centre (APERC), 2005
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Q4: AIAUANMUFIAYVDAVBLNAINANUATNAIUNY LAY ?

Criteria Coal N[€} Nuclear Solar Biomass Wind
B B

Trend of the cost

CO2 emission

Trend of the CO2 emission
B B

Trend of the Efficiency

- Negative

Moderate

- Positive

-
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