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Hard Coal Brown Coal Total 2002 2030 Average
n 1+ -
OECD Europe 22 420 17 041 39 461 Million ~Coals ~ Million  Coalls ~ annual rate
OECD North America )18 818 35 614 254 432 tonnes  sharcof tonnes  share of  of growth
= }u. h e P oo : 4—7_’ i dﬁﬂlﬂit]' EI.BCII'Eﬂtj" mdemand,
QECD Pacific 39677 35033 77710 tion ton 2002-2030
QECD 280915 00 688 371603 B % 1% %
Transition economies 208 762 38 872 247 634 OECD North America 1051 46 1222 40 0.5
of which Russia 146 361 10 450 157010 OECD Europe 812 29 Bl 24 0.0
- - - OECD Pacific 364 36 423 29 05
China 95 900 18 600 114 500 OECD 1237 38 2 461 33 03
Sast Asi : 7 383
o e om R BT
Jouth Asia . J. ') J : Oehier transition coanomies 249 27 340 18 1.1
of which India 90 085 2 360 92 445 Teansition ccamnomies 469 2 584 16 0.8
Latin America 19769 124 19 893 China 1308 - 2402 7 22
of which Brazil 10113 - 10113 Fast Asia 160 28 456 49 3.8
Africa 50 333 3 50 336 South Asia 396 60 773 54 24
Middle East 419 419 Lacin America 30 4 66 g %2
i 1 [ 23 .
World 749 297 157 967 907 264 M B H e W B s
Source: World :'.n:'rs_'_r{ ouncil {2003). Wﬂ;m 2 085 45 3 m 4? 23
World 4791 39 7029 38 1.4
Enrapean Union 767 31 7ig 23 0.2

* Including hard coal {sceam coal and coking coal), brown coal and pear.

O AF2 DS Year : 907,264 / 4,791 = 189.4\4
(200232 201 JFRHOHE 2 /2002 ALE 2 DI &)

J*Ol'

IAE

Ref. : World Energy Outlook 2004, International Energy Agency.
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Electric Power production
2 MWh Electricity $70.0
Total $70.0

FT Fuels and Power

0.41 MWh Electricity $14.0
0.34 bbl Naphtha $15.0
1.36 bbl Diesel fuel $95.0
Total $124.0

Fertilizer, FT Fuels and Power

0.007 MWh Electricity $ 0.23
0.017 bbl Naphtha $ 8.00
0.078 bbl Diesel fuel $54.00
0.25 tons of ammonia  $87.00
Total $149.00
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» EAGLE : Coal Energy Application for Gas, Liquid and Electricity
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Plant Name Year Region Country Technology Name Main Product Feed Class

Puyang Ammonia Plant 2000 Asia/Australia China Sasol Lurgi Dry Ash Gasification Process Chemicals Coal
Sanghi IGCC Plant 2002 Asia/Australia India GTIUGT) U-GAS Gasification Process Power Coal
Hefei City Ammonia Plant 2000 Asia/Australia China GE Gasification Technology Chemicals Coal
Sulcis IGCC Project 2006 Europe Italy Shell Gasification Process Power Coal
Thermoselece Vresova 2005 Europe Czech Republic GSP Gasification Process Power Coal
Dong Ting Ammonia Plant 2005 Asia/Australia China Shell Gasification Process Chemicals Coal
Hubei Ammonia Plant 2005 Asia/Australia China Shell Gasification Process Chemicals Coal
Mesaba Energy Project 2009 North America United States E-GAS (Destec/Dow) Gasification Process Power Coal
Steelhead Energy 2010 North America United States E-GAS (Destec/Dow) Gasification Process Power Coal
Rentech & Royster Clark 2009 North America United States E-GAS (Destec/Dow) Gasification Process FT liquids Coal
[no namel 2001 Asia/Australia China Shell Gasification Process Chemicals Coal
[no namel 2005 Asia/Australia China Shell Gasification Process Chemicals Coal
[no namel 2005 Asia/Australia China Shell Gasification Process Chemicals Coal
[no namel 2005 Asia/Australia China Shell Gasification Process Chemicals Coal
[no namel 2005 Asia/Australia China Shell Gasification Process Chemicals Coal
[no namel 2005 Asia/Australia China Shell Gasification Process Chemicals Coal
[no namel 2006 Asia/Australia China Shell Gasification Process Chemicals Coal
[no namel 2006 Asia/Australia China Shell Gasification Process Chemicals Coal
[no namel 2006 Asia/Australia China Shell Gasification Process Chemicals Coal
[no namel 2006 Asia/Australia China Shell Gasification Process Coal
[no namel 2007 Asia/Australia China Shell Gasification Process Chemicals Coal
China 1 2005 Asia/Australia China GE Gasification Technology Chemicals Coal
China 2 2005 Asia/Australia China GE Gasification Technology Chemicals Coal
China 5 2006 Asia/Australia China GE Gasification Technology Chemicals Coal
Jinling 2005 Asia/Australia China GE Gasification Technology Chemicals Coal
China 4 2005 Asia/Australia China GE Gasification Technology Chemicals Coal
China 3 2005 Asia/Australia China GE Gasification Technology Chemicals Coal
Haolianghe Ammonia Plant 2004 Asia/Australia China GE Gasification Technology Chemicals

(Ref.: Ol= EPRI 20062 data)
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Plant A (2HI®l Puertollano IGCC)

13%

5%

Plant B
(0]= Wabash IGCC)

B On stream

= Not required/despatched
Planned outage

B Unplanned outage

98.1%

IAE

» Ref.: C. Higman, et.al., “Reliability of IGCC Power Plants,” Gasification Technologies Conf., 2005/10/11.
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- _ __ |
Ref.: Steve Jenkins, “Fundamentals of Gasification,” 2007 Gasification Technologies Workshop, D!@@A

2007/3/14.
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Thermochemical Conversion

Conversion Primary Processing Secondary
Technology Products Technology Products
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Ref.: A.V. Bridgwater and G. Grassi, Biomass Pyrolysis Liquids Upgrading and Utilization, Elsevier
Applied Science, 1991.
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MMIIA 72 (m3/h) x A IEA 2hA 2F (keal/m?)
WIlAEE =
7tA 518 FAAMEE (kg/h) x Al 2 2HE 2 (keallkg)
EtVIASE AR : 75-85% H L
gy 7| = JtAs 39

dE YA MEHTE (UL 7|F)
= Input energy: (113 kg/h x 2,167 kcal/kg) + (15 Nm?3/h x 23,684 kcal/m?3)
= Output energy: 210 Nm3/h x (3021x0.25+3050x0.25)
w HIIAS E 53.1%
47| SA| MEHZ|E (UL 7|F)
= CO 32%, T2 30% 24

« HItA S S 65.8%
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Ref.: 20053 & EPRI A}t 2.
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GE
Direct Quench Shell Siemens
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Ref.: John Henley, “Coal Gasification in China,” 2007 GTC Congressional Roundtable Discussion, 2007/3/23.
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ConocoPhillips GE East China University
E-Gas Radiant Boiler of Science and Technology
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Ref.: John Henley, “Coal Gasification in China,” 2007 GTC Congressional Roundtable Discussion, 2007/3/23.
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Fluid Bed Transport
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Ref.: John Henley, “Coal Gasification in China,” 2007 GTC Congressional Roundtable Discussion, 2007/3/23.
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Kellogg Brown & Root (KBR)

» Transport Gasifier
* Air-blown

» Based on catalytic cracker technology
from refinery industry

* Pilot tested on wide range of coals at

Power Systems Development Facility in
Alabama

» Best on low-rank coals, i.e. PRB and
lignite

 To be demonstrated by Orlando Utilities
and Southern Power

T1AE

Ref.: Steve Jenkins, “Fundamentals of Gasification,” 2007 Gasification Technologies Workshop, Denver, USA,
2007/3/14.
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Ref.: J. Wu et al., Fuel Processing Technology, 68(3), 261-266 (2004).
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CHHIE Scale-up

Process 1970 1975 153!‘.] 1985 1990 1995
———— I
TEXACOQ |2xgenblown | 15.25tid P i, 10001/l D P 22000aDP |
errained-iow 150t/d for Process gas |n Cool Wate.r in;lTampa
T 1 1
Shell oxygen-blown shdpe > —Eﬁmlrd T El]F[ItIcI T
entrained-flow ; -
150tid PP in Buggenun'!
oxygen blown * _ i A
- i —— 2400tjd CP 600t/d DP
E-Gas entrained-flow 12- 35“‘ PP 15“““1 DF : in \Hiahash River
oxygen-blown — i —I""
Prenflo entrained-flow 150t/d :PP 48tid Pi:l' 2600yd DP
, in Puertollano
v bari air-blown H . =
LLuBari fluidi zed bed i 5tid PP ' W |
H 1
1 1
Nakosp |3ir-blown 2tid quI . 200td P

entrained-flow

TAE



AlIS MEHGCCEME JHARH)| 2H Q=

Wabash Destec =434 22 bar

Tampa Taxaco S &E 24 bar

Buggenum Shell HdAAZE 27.2 bar

Puertollano Prenflo 24&l8& 23.1 bar
(Siemens G/TOll &g =)

GEC Alsthom air-blown FBC 22 bar
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High Ash Lignite Sub- Bituminous Bituminous Anthracite Petcoke
Cnals Bituminous | |llinois Basin | Appalachian | & Other Bitum

Allied Syngas
BGL

ConocoPhillips
E-Gas

General Electric

Sasol -

e ———

Synthesis Energy
Systems U-Gas

Demonstrated (500 TPD or more)

Million Tons Operation
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Ref.: Phil Amick, “Experience with Gasification of Low-Rank Coals,” 2007 Gasification Technologies Workshop,
Denver. USA. 2007/3/14.
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[Siemens (7 Future Genergy) J|= &%)

Cooling screen Cooling Wall
(ash-containing ggs'rliﬂalinn feedstock) (non-ash/low-ash gaT.s'rf-ication feedstock)
"-,tr Liquid slag
1Ay
Membrane wall 'Iljl
Badtank s Solid slag

SIC ramming mass
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ShellAl JtA2H | HY 52 Membrane Wall

Glassy surface froni
the top slag layer

Ref.: Ross Fava, “Shell Gasification Update,” 2007 COALGEN Gasification Session, 2007/8/3.
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Figure 6. The Lurgi Pressurized Gasifier
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Figure 7. The BGL Gasifier
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Figure 9. The KGN Fixed-Bed Gasifier



Fixed-Bed Gasifier Example 4
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Figure 11. Sectional View of the Current METC Fixed-Bed Gasifier



Fixed-Bed Gasifier Example 5 o
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Figure 8. The Woodall-Duckham Gasifier



IEE MEHJIASH| [1E HEO

Steam
Gas
Stirrer/Leveller T

Coal for Coal Bed Lum
Inlet e Coal

\c’ >

N
7 F N
'ﬂzrllllam P‘ffessure | 4
Gelger-Muller Tube Linked Gas essel
to Coal Feed Mechanism Outlet N
B :
Gasifying Medium I~ Cesium 137 Reaction N
(Mainly O; and H;0) Source Container ~——| N
Fed Through 8 Ports -
D O i
Pulverized
Coal *‘H
Observation
Ports Water-Cooled Tubes
Supporting Fuel Bed

Quench Water Overflow
MO000CasT M90000869

Figure 12. NCB/CURL Experimental Composite Slagging Gasifier Figure 10. The Voest-Alpine Gasification Reactor



=
AHA] =dH

MEIIADH S

A o1Asie

)

ME} SFA1




	석탄가스화 기술
	전세계 석탄 자원의 사용 가능량
	석탄의 고부가가치화 활용
	가스화 (Gasification) ?
	합성가스(syngas) 활용의 형태 및 장점
	석탄가스화 합성가스 활용 Route
	석탄 가스화를 이용한 다양한 polygeneration 예
	대표적인 화력발전 기술별 공해물질 배출량의 비교
	 해외 석탄 IGCC 현황
	 일본 석탄 IGCC 현황
	일본 석탄가스화 연료전지 연계 EAGLE 플랜트
	중국 Dongting 2,000톤/일급 석탄가스화 플랜트
	 2000년 이후 해외 석탄 가스화 플랜트 건설 추세
	습식 석탄 IGCC 플랜트 설비 배치�(GE Energy, Tampa IGCC 예)
	현재 운영중인 상용급 석탄 IGCC 플랜트 Reliability 현황
	IGCC 플랜트 Availability 이력�(Back-up 연료 사용 운전기간 제외 경우)
	석탄가스화 부분의 Reliability
	원료 내 함유수분의 소각(연소),가스화 과정에서의 역할 차이
	냉가스효율 (Cold Gas Efficiency)의 정의
	열역학 평형계산에 의한 합성가스 조성
	석탄 가스화기의 종류
	순환유동층 개념 석탄가스화기
	중국 Institute of Coal Chemistry 개발중인 석탄가스화기 형태
	석탄가스화기 설계 options
	개발 석탄가스화기 형태 및 단계별 Scale-up
	상업용 석탄 IGCC플랜트 가스화기 운전압력
	석탄가스화기 vendor별 석탄사용 실적
	분류층 Top-Feeding 가스화기 개념도�(Siemens (구 Future Genergy) 기술 경우)
	가스화기 벽면 기본구조 options� (Siemens (구 Future Genergy) 기술 경우)
	Shell사의 석탄가스화기
	Shell사 가스화기 버너 부근 Membrane Wall
	석탄가스화 생성 슬랙 및 석탄 합성가스 연소 화염

