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System
operation and

Energy Source maintenance System
(fuel) and (excluding Largest reliability Cooling
generation- System Capital fuel) costs, available and System Fuel water requi- Major environmental
system type Fuel cost  efficiency cost, S/kW S/IMWh unit ratings availability — complexity  availability rements impacts
Coal-fired Interme-  High Very Low to Large High Very high Best Large Particulars, SO, and oxides of
steam cycle diate high medium nitrogen (NO,) in stack gases:
disposal of scrubber sludge
and ashes
Oil-fired Highest High High Lowest Large Very high High Fair Large S0, and NO, in stack gases;
steam cycle disposal of scrubber sludge
Natural-gas—fired High High High Lowest Large Very high High Fair Large NQO, in stack gases
steam cycle
Nuclear Low Interme- Highest Medium Largest High Highest Good Largest Safety: radioactive waste
diate disposal
Oil-fired combus- Highest Low Lowest Highest Smallest Lowest Moderate Fair Smallest S50, and NO, in stack gases
tion engine
Natural-gas—fired High Low Lowest Highest Smallest Lowest Moderate Fair Smallest NO, in stack gases
combustion
turbine
Oil-fired combined  Highest Very Interme- Medium Interme- Medium Moderate Fair Moderate 50, and NO, in stack gases
cycle high diate diate
Natural-gas—fired High Very Interme- Medium Interme- Medium Moderate Fair Moderate NO, in stack gases
combined cycle high diate diate
Hydroelectric Lowest Highest Interme- Low Large Highest if Lowest Limited Small Generally requires con-
diate to water is by area struction of a dam
highest available
Geothermal steam Low Lowest Interme- Medium Interme- High Low Extremely Low H,S emissions from
diate diate limited system

by area
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First Combined Cycle Power Plant

Applying Feedwater Heating 1949
First Heat Recovery Steam Generator

for a Gas Turbine 1957
First Fully-Fired Boiler

Combined Cycle Power Plant 1965
First Combined Cycle Power Plant

with Heat Recovery Steam Generator 1968
First Coal-Gasification

Combined Cycle Power Plant 1972
First Combined Cycle Power Plant

with an Advanced Gas Turbine 1990
First Combined Cycle Power Plant

with Fuel Cell 2000
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Solar field Heat transfer fluid cycle Steam heat exchangers HP steam Steam turbine generating set
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Water or
air cooled
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Salt heat
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Low pressure
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Increase generation from plants deploying HELE technology

Actions for Decrease generation from subcritical plants
reducing CO,
Install CCS on plants deploying HELE technology
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Note: Carbon capture is integrated with HELE coal-fired units to minimise coal consumption and CO, abatement cost.
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Commercial operation: 2004
Capacity: 2 X600MW

Steam conditions:
24.2MPa/566/566°C

Boiler supplier: Dongfang
Electric Corporation (DEC),
China

Steam turbine and generator
supplier : Haerbin Electric
Corporation (HEC), China
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Commercial operation: 2006

Capacity: 4 X1000MW

Steam conditions: 26.25MPa/600/600°C

Boiler supplier: Haerbin Electric Corporation (HEC), China

Steam turbine and generator supplier: Shanghai Electric Corporation (SEC), China
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SEC: boiler technology from Siemens and steam turbine from Alstom
DEC: boiler and steam turbine technologies from Hitachi

HEC: boiler technology from Mitsubishi and steam turbine from Toshiba

( SEC = Shanghai Electric Corporation ,
DEC = Dongfang Electric Corporation ,
HEC = Haerbin Electric Corporation )
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» Development goals :
+ EU: 35SMPa/700°C/720°C , net efficiency of S0~53% (LHYV);
» USA: 35MPa/732°C/760°C, net efficiency of 51~53%(LHYV);

Japan: 35MPa/700°C/720°C/720°C(double reheat), net efficiency of 50~52%(LHV);
China: 35MPa/700°C /720°C, net efficiency over 50% (LHV)

oy aisoj > Jlb slo <8 )5 oled g bl (o 059y G ax > Voo Slimu (slygle 059 45 b s Vo V- Jlo
5 Pl gy ol 4 doxie 059wl Cuygale S SaS gy cpl g g docia 5 (sl

iie glie 51 LIS oslizal

o5 il ded Voo Slimu (gl (65918 (9 p Guis -

S b W Bojb jl Culibge & pliwd -

a2y Ver Show @il plg g Slined Jae cals 4 (a9 59l ey » blus -

O 2 50 bye plio drwgi gy -

Sl ol Al o 3 (Sl el g g5y 5 cblis 4 arg LB ST -

ol pj Gyge 4 dll cunle

2 el edgs b sl -



() BB 9 S Sleiw g5 ($I9US 4 gi Bl ) Al 9 (53 pdl) Jiww

¢ P ”» 0.0 ‘q
,4/“‘0 -.-)f VPAE g s ksl il o gz Ol (95 o
*

slaguasl o> wjle 4 b oo lygle 5)gld I oolitnl g Buicd > Jorde slo e85 )0 allbghy S lie -
cog gl il askad ¢ 68Ul plgs (b g a0

sl 03,5 30U 1) o g o8 (653 gl gl ol Syitio (o) lKen plojle S -

ST e olisl S35y (bl jl g 03,0 b b Sy g ) g9 29wy 2l Ll (3l laal b -

8> Gz ygds —
«S)M 09; ‘;Lo‘ «.(U“LBQ

e hgle Oly g ()9l dmwg dtn 5 IS lalllas (55 S pei b B -

e sl oly Mg Clies Jiue calo & Gy 5 6)9l8 laje) 2 blus il)gld cudbge @ Gy -
a3 Ve

JEsl 4 (25 Clud g 423 Voo Show lisle ol Mgr > Moll (g g (A3 alyglis bls g o) gy -
cswigo 3 )5 5 dilelul sladgluws

S slile plg adg ailyglid o (U] 5 badye (51 glio anwgi gy -



() BB 9 S Sleiw g5 ($I9US 4 gi Bl ) Al 9 (53 pdl) Jiww

. S b Y.
38 24 DR s s sl Gl s S gz O 2935 ¥ j6
0
ADMINISTRATIVE:
NEA
SECRETARIAT:
EPPEI
1 | 1 1 1
Main Equipment Electric Power
g . . Manufacturers Steel Supplier Research Institutes
Supplier Corporation 4 op
CHNG
EC cnr CISRI
SEC CFHI Buostec TPRI
N CHD aostee
HEC Erzliong e _I‘UR
DEC cGhe DSSC SPERI
CPI

NEA = National Energy Administration CFHI = China First Heavy Industries
EPPEI = Electric Power Planning and Engineering Institute Erzhong = China National Erzhong Group Co.
SEC = Shanghai Electric Corporation CISRI = China Iron & Steel Research Institute Group
HEC = Hacrbin Electric Corporation Baosteel = Baosteel Group Corporation
DEC = Dongfang Electric Corporation DSSC = Donghbei Special Steel Group Co.
CHNG = China Huaneng Group TPRI = Thermal Power Research Institute
CDT = China Datng Group IMR = Institute of Metal Research, Chinese Academy of Sciences
CHD = China Huadian Group SPERI = Shanghai Power Equipment Research Institute

_GDC = China Guodian Group

Investment Group
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2011 I 2012 ] 2013 I 2014 2015 2016 2017 2018 2019 2020 2021
SH|FH|SH|FH|SH|FH | SH| FH | SH | FH | SH

No. Research Content

1 |Overall design

Development of high temperature materials

Development of key components of main
and high temperature pipe

1) Boiler tubes

2) Boiler key components

3) Turbine forging

4) Turbine key components

5) High temperature pipe

6) Valves

Verification test of key components of boiler and

constrction of the test platform

1) Design and construction of the test platform

2) Verification test of key components and valves
of boiler

5 |Demo power plant

1) Preparation of construction

2) Construction

3) Operation and experiences feedback

* FH = First Half of the year, SH = Second Half of the year
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GW

Captive railways
160
W Captive gas

140
Captive diesel

120 1 W Captive steam

100 = Captive hydro

80 m Utilities renewables

60 W Utilities nuclear

40 W Utilities diesel

20 L m Utilities gas

W Utilities coal/lignite
W Utilities hydro

1979 1980 1985 1990 1992 1997 2002 2007 2008
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Unit India China Eglricf;)e gtnal::: World
Hard coal bt 58.6 114.5 18.5 238.3 826
Crude oil Mtoe 769 3300 2219 3700 170 800
Natural gas bcm 1050 2 455 5044 6730 185 020
Uranium kt 141 44 469 2952 14 243
Thorium kt 319 476 400 2573

Sources: BGR, 2009; IEA, 2010a; NEA/IAEA, 2008.
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'Integrated Energy Policy-IEP
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’National Action Plan on Climate Change-NAPCC
*National Mission on Enhanced Energy Efficiency-NMEEE
*National Action Plan on Climate Change
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'Bharat Heavy Electricals Ltd-BHEL

’Indira Gandhi Centre for Atomic Research-IGCAR
*National Thermal Power Corporation-NTPC
4Department of Heavy Industry

5Ministry of Heavy Industries & Public Enterprises
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JH Jang, APEC-ECFE, 2009. 10, based on "MKE (Electricity Supply and Demand Basic Plan #4 — Published in Dec 2008)"

(F) g 055 13 (S iSUN g5 S 53 510 oy V¥ U5

Dy dnled V=) S g 4 Ko J&5 51 B Agi 9 cudyls cdoliyy ol o

! Ministry of Knowledge Economy-MKE



.() BB 9 S Sleiw g5 ($I9US 4 gi Bl ) Al 9 (53 pdl) Jiww

. & & YA
J/j“{ VPAE g s ksl il e gz OISl 95 ¥ 5
*
Unit: MW | Unit: GWh
35,0000 -~ - 250,000
I Generating Capacity Electicity Generation OQutlook
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Generating Capacity
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2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
JH Jang, APEC-ECFE, 2009. 10, based on "MKE (Electricity Supply and Demand Basic Plan #4 — Published in Dec 2008)"
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Korea: Target Technology and Time Line

T Year 10 11 12 13 14 15 16 17 18 19 20

HE-CF & CCT

__ Automatic Operation ™ N

1000MW USC System Design Technelogy Deuolcpmem‘ Manufacturing & Demo. )
1 System Development -
: : _ I | | | I | |
300MW grade g B
CFB | 200-500MW Grade Design HE-Clean CFB Demo. & Commercialization
Optimized Operation -~ 7 -
t t } t t t
. HE-Clean CFB Demo.
IGCC 200-500MW Grade Design .
. & Commercialization
l l l
T T
Carbon Capture 10MwW 500MW 500MW
Post Combustion (Dry) Dﬂ“‘lw ) | Demo Deploy
T T
OxyFuel Detailed Desing ' construction Demonstration
100MW Demo. - . A, ; ;

Source: Prof. C.H. Jeon (Pusan CCC), IEE) WG meeting, 2011
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! Korea Electric Power Corporation-KEPCO
*Generation Companies or GENCOs
3 Vision: To become the world 7" Green power by 2020, and the 5t by 2050
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STM Condition oTsSC oTusC
[( Press_ e/ abs x M/S Temp < / R/S Temp T | Phase 1
265x610/621 f—— B
246 x 566/ 593 800MW 1,000MW

246 x 566 / 566

" Yeonghung1,2 =~

Do (o0 0ud V=Y Sy e Jobo

Dangjin9,10

500MW, 560MW
Boryung#1,2, Samcheonpo 1~-4

\

246x538/5638 |

yeonghung3~4(870) Dangjin5~8
_.|Taean 7,8 Boryung7.8 Hadong7,8

169 x 538/538 200MW

Yeondong#2

~

169 x 538/ 538

ryung#3~6 Taean#1~6,
angjin#1~-4 Hadong #1~6

500MW

60MW, 75SMW Pusan

127 x 538/ 538 1,2/Kunsan 200MW
B X - Seochun#1,2 “StandardizationStandardization
88 x 510/510 Step1 Step2
O 125MW (20) (10
Yeongdong#1 800MW
Standardization
! I L I I 1 L I 1 L L L Stej
60S I 708 I 808 I 203 I 00S 108

* OTSC: Once-through Super Critical * OTUSC : Once-Through Ultra Super Critical

(0) KOSEP 8 pa5 (5,5bd i, 159 JSu
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Energy source Generation. TWh  Share, % Capacity, MW Share, %
Natural gas 94.4 48.6 16 345.2 36.5
Domestic coal 42.2 21.7 8 691.3 19.4
imported coal 12.8 6.6 1921.0 4.3
Hydropower 359 18.5 14 553.4 325
Liquid fuels (oil) 6.6 34 2309.7 5.2
Wind, geothermal, biogas 2.2 1.1 961.2 2.1
Total 194.1 100 44 782 100

Source: Turkish Electricity Transmission Corporation (TEIAS).
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Source: Energy Balances of OECD Countries, IEA/OECD Paris, 2009.
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National Energy Efficiency Strategy Document

*Electrical Energy Sector Reform and Privatization Strategy Document, Strategy Document for the Electrical Energy
Market and Supply Security, decision of the Higher Planning Council dated 18.5.2009 and No. 2009/11.
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Plant Capqcity Solid fuel Liquid fuel Gas
Turkey EU Turkey EU Turkey EU
>300 MW 1 000 200 800 200 60 35
100 to 300 MW 1300 200 1700 200400 60 35
50 to 100 MW 2 000 850 1700 850 100 35

Source: OECD Environmental Performance Reviews: Turkey. OECD, Paris, 2008.
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Capacity, Units, MW, . .
Name Owner ;amé y (cam:nission;ﬂ Pollution control Plant efficiency, % LHV, net output
2003 2004 2005 2006 2007 2008
Afsin EUAS 1355 3 x 340 (1984-86) 289 273 272 302 311 304
Elbistan A 1 x 335 (1987)
Afsin Elbistan B EUAS 1440 4 x 360 (2005) FGD - - - 345 35.7 373
Biga lcdas AS 135 1 x 135 (2006) CFBC
Can 18 Mart EUAS 320 2 x 160 (2005) CFBC - - - 41.5 395 39.1
Catalagzi B EUAS 300 2 x 150 (1989/91) 320 309 307 274 282 276
Cayirhan EUAS 620 2 x 150 (1987) FGD
(Operated by Park Termik 2x 160 (1998,/99)
Elektrik under Transfer of
Operating Rights Agreement)
Iskenderun Evonik Steag AG /' Oyak Group 1320 2 x 660 (2003) FGD/LNB
(Sugozu) (Build-Operate Model)
Kangal EUAS 457 2 x 150 (1989,790) FGD (unit 3) 300 306 304 29.7 295 29.2
1 x 157 (2000)
. EUAS
Kemerkdy subsidiary 630 FGD 331 332 349 342 329
Orhaneli EUAS 210 1x210(1992) FGD 38.2 391 385 359 339 35.2
Soma A EUAS 44 2x 22 (1957,/58)) 305 286 275 275 287 283
Subsidiary
Soma B EUAS Subsidiary 990 2 x 165 (1981/82) 325 308 29.2 304 315 303
2x 165 (1985,/86)
2% 165 (1991,/92)
Seyitémer EUAS 600 2x 150 (1973) 334 332 328 341 326 34.2
2% 150 (1977,/89)
Tunchilek A EUAS 65 1x65(1956) 308* 330 349 312 356 332
Tunebilek B EUAS 300 2% 150 (1977,/78)
Yatagan EUAS Subsidiary 630 3x210(1982-84) FGD 326 332 316 330
Yenikdy EUAS Subsidiary 420 2x 210(1986/87) FGD 355 39.2 358 373
Zonguldak A Eren Holding (160) 1% 160 CFBC
(to be commissioned
in 2010)
Zonguldak B Eren Holding (1 200) 2 x 600 CFBC
(to be commissioned
in 2010-11)
TOTAL, all 9 836

coalfired plants

CFBC - circulating fluidised-bed combustor; FGD - flue-gas desulphurisation; LHV - lower heating value (net calorific value); LNB - low-NOx burners.
*The efficiency figures for Tuncbilek represent average values of A and B units.

Sources: Ministry of Energy and Natural Resources; Energy Market Regulatory Authority, IEA Clean Coal Centre CoalPower5 database and EUAS.
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