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1.

Present German Energy Policy in the European and Global Context /
Jiirgen-Friedrich Hake; Forschungszentrum Jiilich GmbH (Germany)
Zero-CO2 IGCC Power Plant of RWE Power AG - First Steps Toward
Commercial Implementation / Johannes Ewers, Werner Renzenbrink,
Karl-Josef Wolf; RWE Power AG (Germany)

Gasification - History and Activities within the Vattenfall Group / Thomas
Porsche, Nicklas Simonsson, Hubertus Altmann, Dmitry Korobov; Vattenfall
Europe Generation AG & Co. KG (Germany)

Siemens IGCC and Gasification Technology - Today s Solution and
Developments / Manfred Schingnitz, Frank Hannemann,G. Zimmermann;
Siemens Fuel Gasification Technologies GmbH (Germany)

Modelling IGCC Plants Using the Simulation Tool Ebsilon Professional /
Reiner Pawellek; STEAG KETEK IT GmbH (Germany)

Development of Evaluation Technology on Various Phenomenons in Coal



10.

11.

12.

Gasifier / Saburo Hara; Central Research Institute of Electric Power Industry
(CRIEPI) (Japan)

Gas Turbines for Syngas / Klaus Payrhuber; GE Energy Europe (Austria)
Nuon Magnum Power IGCC Project for 1200 MW_e Net Power / Rik van
der Ploegl, Rien van Haperen2; 1Shell Global Solutions International BV,
2NUON (Netherlands)

Advanced Modelling of IGCC-Power Plant Concepts - Effects of
ASU-Integration on Plant Performance and Gas Turbine Operation / Mathias
Rieger, Robert Pardemann, Bernd Meyer; TU Bergakademie Freiberg

The Future of Integral Processing of Fuels by Gasification at the Gasworks
of Sokolvskd Uheln4, Czech Republic / Petr Mika; Sokolvskd Uhelnd a.s.
(Czech Republik)

Puertollano IGCC Power Plant. Operational Experience and Current
Developments / Francisco Garcia-Pena, Pedro Casero Cabezon; Elcogas SA
(Spain)

Integrated ITM Oxygen-Gas Turbine System for IGCC / Dennis Horazakl,
VanEric Stein2, Gerhard Zimmermann3, Mike Rost3; 1Siemens Power
Generation Inc., 2A1r Products and Chemicals, Inc., 3 Siemens AG Power

Generation (USA/ Germany)

2 [ GPEFIAT -

L.

Conceptual Study of Legnica Lignite Gasification / Marek Sciazko, Tomasz
Chemielniak; Institute for Chemical Processing of Coal (Poland)

Syncrude Oil and Upgraded Syncoal Production from Mild Temperature
Pyrolysis of Subbituminous Coals / Dieter Neubauer, Ebbe R. Skov;
ConvertCoal, Inc. (Germany/USA)

Sasol-Lurgi Fixed Bed Gasification for Fuels and Chemicals / Osman Turna;
Lurgi AG (Germany)

Operational Status of the BGL Gasification Technology on Low Rank Coal

-7-
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i
L.

and other Fuels / Matthew Seed; Advantica (UK)

PWR Compact Gasifier Dry Feed System Development / Kenneth M.
Sprouse, David R. Matthews; Pratt & Withney Rocketdyne Inc. (USA)
Conceptual Analysis for a Grass Fired IGCC Plant / Johannes Judex; Paul
Scherrer Institut (Switzerland)

CFD-Modelling of Oil and Coal Gasification / Andreas Ortwein, Bernd
Meyer; TU Bergakademie Freiberg (Germany)

CEA Research Activities in the Field of Entrained Flux Reactors / Jean
Marie Seiler, F. Defoort, S. Rougé, S. Ravel, P. Castelli, B. Drevet; CEA
Grenoble (France)

Investigation into the Root Cause of Fouling During Processing of
Condensate from Fixed Bed Gasifier / Setobane Mangena, R.H. Matjie; Sasol
Technology R&D (South Africa)

Thermodynamic Modelling of the BGL-Gasification Process with
Consideration of Alkali Metals / Stefan Guhl, Bernd Meyer; TU

Bergakademie Freiberg (Germany)

5% %(Syngas) JE" |§% PEY

Large Scale Synthesis Gas Production for Gas to Liquids / Kim
Aasberg-Petersen; Haldor Topsoe A/S (Denmark)

GTL in the Tail-End Phase of Gas Fields - Focus on Small Size Units / P.
Bernoux, W. Kleinitz, C. Ryszfeld, E. Zindani; Gaz de France (France/
Germany)

Refinery Integrated XtL: Challenges and Opportunities / Veronique Hervouet;
Total (France)

Hydrogen Production by MPG Gasification for Upgrading Canadian Oil
Sands to Transportation Fuel / U. Wolf1, H. Schlichtingl, S. Walter1, J.
Quinn2; 1Lurgi AG, 2North West Upgrading Inc. (Germany/Canada)

Large-Scale Fischer-Tropsch Diesel Production / Ir. R. W. R. Zwart; Energy

-8-



10.

11.

Research Centre of the Netherlands (Netherlands)

World Scale BTL Facilities - Technology and Site Evaluation / Olaf
Schulze, Matthias Rudloff, Kathrin Bienert; CHOREN Industries GmbH
(Germany)

Novel Technology Platform for Warm Syngas Clean-up: Progress from Field
Testing with Coal Derived Syngas / Brian Turk, Jerry Schlather; RTI
International Eastman Chemical Company (USA)

Metal Sorbents for Mercury, Arsenic and Selenium Capture from Fuel Gas at
Elevated Temperatures / Johnson Matthey Technology Centre, 2National
Energy Technology Laboratory, 3Stationary Source Emissions Control
(UK/USA)

The Order of Selectivity in Fischer-Tropsch-Synthesis / Hans Schulz;
Engler-Bunte-Institute, University of Karlsruhe (Germany)

Options for Upgrading & Refining Fischer-Tropsch Liquids / John. J.
Marano; Energy Systems Consultant to the U.S. DOE (USA)

Diesel Selective Hydrocracking of Fischer-Tropsch Wax - Experimental
Investigations / Matthias Endisch, Thomas Kuchling, Thomas Dimmig; TU

Bergakademie Freiberg (Germany)

= (BRI ) -

1.

2.

German Participation in European and International Activities Related to
Clean Coal Technologies Including Carbon Capture and Storage / Hubert
Howener; Forschungszentrum Jiilich GmbH (Germany)

Linde Rectisol Process — The most Economic and Experienced Wash
Process for Removal of Sulphur Compounds and CO2 from Gasification
Gases / A. Prelipceanu, H.-P. Kaballo, U. Kerestecioglu; Linde AG
(Germany)

CO2 Capture: The IGCC Retrofit Conundrum / Chistopher Higman; Syngas
Consultants Ltd. (UK)



4. IGCC Plant Designs for CO2 Capture — 90% Capture, Partial Capture and
Capture Ready / Neville Holt, Jeffrey Phillips, George Booras, Ronald Schoff;
EPRI (USA)

5. Study on CO2 Capture through Desulfurization in IGCC / Hong-Yue Wang,

Hyung-Taek Kim; Division of Energy System, Ajou University (Korea)
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Natural Gas
Hard Coal 9.6%
24.5%

Nuclear
a,
27, 7% Waste
(50% fossil)
0,3%

Lignite (Brown Coal) 3,4%

26,7%
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fiﬁdi%ﬁlﬁﬂ%ﬁ:?iﬂ‘lxlﬁ%? Ty E > BMWi I 1kl g (35D
PR 2196) =580 phEf# - 2 1Rl E! (Joint Implementation ) » 3.
BHER %l%’ﬁjﬂ (Clean Development Mechanisms ) &= ~H% -

B! BMWI 12002 & [ilff; 2538 COORETEC 7HH (= 4 [~ Bl 75 »
2004 T30 COORETEC 7 #f} » H SL 55 Q0D R & T 3]
378 (Roadmap ) U1 2> £ [l e S ige BRI 1 2017 2 72 2010
# 5 IGCC - MRl 1 2019 # {12 2015 & FEAT TR -
fiZ 2018 &

Direction of research in the field of power plant engineering

Potential of utilization on time scale

2050

Vision

2020

2015

2010

2005 o — _

o v High
Risk of R&D

[fi 2 ~ COORETEC wf#h H#{:E% (Roadmap )
o AL lﬁ{Jfg_{'—?j/ ;"lﬁi‘g{'—?gw“bi :

a. RWE 7 2 il CO2 F#HT 450MW IGCC Fflert i = it CO2

{

:J/I’H:.E»[[:J.‘ o
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b. Vattenfall 50 * AR ESEEH - CO2 FEFV AR EEY =
ARl

c. HEPETRUESAL S5t lA] = 6096 -
d. FEHE FSaEVE 700°C Vﬁ e Wﬂx?pﬁﬁﬁr{? TSR o
(2)% RWE F 2 il CO2 F#HV IGCC it &

RWE & F Ji 0 fl IETH 'J’gﬁrﬁ SRR R [Pl =1 — R 3290 ~ REAR 3396 ~ £
fi= 2196 ~ AR5 1191 W F |2 [T 396 U1 3

Renewables

Hard coal
32%

Lignite
33%

[f' 3 ~ RWE 7 o f= TR g

EIJB‘G‘%ELEEE'JEI “I3 659 » Fp[1RRR A B AE (& - RWE Fbk 5 F[H [
R T AT R S B PRI - I
.V 450MW IGCC ¢ i ’Ertli CO2 ?FPTE{H?#F‘E' i flrs =973 CO2 Vit
181 ok 7 0 RIS el CO A5 S i
B R -

45OMW IGCC-CCS FH i [*) y v + AR FR% PRI el i i ~ BT
450MW > 5152 TR )4 360MW > ¥RE SR (F D) 409 (LHV) @ CO2
PRVEN 2.3 FIEPR/ » SRT YIS 2014 &
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RWE 7 450MW IGCC-CCS 7 F'j] (2007 & 5 5] ) =1 A ¥ AEG A
Sl - I R ROE MY 50 [CRPEF L HTW ~ SFG g% SHELL ') ™
CO2 }*F"ﬁiﬁjrh PE (il CO2 R s T SRS AR S HIh
(B = 4 FHEHRT 2007 & 8 FIHRESR AP 5 [~ 5IAR  elpRips» 5t
HEIR I 4 -

8/2007 8/2008 2010 2014

Power plant | Project Detail engineering, Erection,
| development | approval planning commissioning

Decision on Decision on
gasification process, overall process,
site suppliers, contractors

Approval,

1stgrid connection
FID

C.02 gtorage, Screening, exploration, approval Erectlc_)n,_ .
pipeline commissioning

Legal bases for )
o PS>
[fi' 4 ~ RWE 450MW IGCC-CCS 7 E
RWE FHU = BIFT e e -

a. TER[TRPE P R G > SBIT (Scale-up)

P IR 1 | e
b N PRI FRSL SRR i AT PSSR )

o, ZRCHTAE R0~ ¥[G-SR )
0 S S -

A, [SEETRS A 1 RS -

(A IR (AR5 A7 RWE ! ?H“?ﬁwgﬁﬁ?ﬁ?' ST ERRYA
PRECHERRE © 2 IR R S R ST
2 LD f Y 5 (G -

-13-



IGCC "[uf CCS B Bt el > 7 Uk CCS il ™ IGCC e #>
FA9EL 4996 ~549% (LHV Gross ) ~ 38% ~45% (LHV Net) » CO2
BI /AT 880~1060 Ja/% fi] ) E [ CCS PSR 35k R 1 489

~509% (LHV Gross) ~ 36~38% (LHV Net) » CO2 V#HEl i il £
90~290 fu/™% = i) RWE .V IGCC-CCS 7 | M#a" £ 4096 (LHV Net)

DT 5

Efficiency
[%, LHV]
o IGCC-Mode IGCC-CCS-Mode

50 | Gross Gross

40 4 Net Target 40%
Net

30

—\
—

«

specific CO, emissions _ .
la/kWh,] A 880 - 1060 90 - 290

Q%ﬂ' 5~ IGCC W/O CCS #5322 CO2 R & i

i+ IGCC ;Liiﬁﬁ‘}i HED EE PR E?Tﬁ*[ﬂﬁf?i%’ I} 2007 =+ £3 lﬂ
S S 1 2005 FF A 30-4096 0 F H T CCS g - WA
R R A R R R (A - P IGCC Rt
AR 'Jff&F B BRABRH R e (s

(3) B Vattenfall B 51 & B S (SR -
Vattenfall 5% 58 ?&ﬁmgﬁﬁ :

fE ! Vattenfall F‘q‘ JH B[R] *J%F&%&fp’ FL“EM% 1 660f JCEE §
105 fRE 7 > 2D A9 2f »BEEE 127 6,000 f Jﬂhﬁfﬁ%ﬁ%@ﬁ(hgnne) )
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Rl ATl ﬁ%ﬁ%ﬁ fii (/pqgﬂ 6 Fra-

Vattenfall Europe
total 58.0 million t
- Janschwalde 14.5 million t
- Cottbus-Nord 5.1 million t
- Welzow-Sud 19.4 million t
- Nochten 19.0 million t

[ﬁ[ 6 Vattenfall T B ¥ Fey S s 5 7

Vattenfall = forS il oT 5= I 4 RS PRy~ B RS | T BT

TR U RS SR AR RS 7 420MW IR B T

Boxberg FpiErE 675SMW Bt i 1 iF&JQfE ’FLL' £ 8,095MW ; 7B %Fﬁg?{ !

FIErE ] 18 Rostock ”F:ff‘JF!s’J’rSS?)MW DI ’F:_T"%'ﬁ | Moorburg (¥ () ==

Klingenberg (Af1#f) » ELAER ”’Fﬁii 73 WIS 1,640MW =2 S00MW - i ﬂ\E'fl i
A PRI T -

Vattenfall Europe
(gross capacity)

7.420 [MW
lignite power plants £.420 [MW]
- Janschwalde 3.000 [MW]
- Boxberg 1.900 [MW]
- Schwarze Pumpe 1.600 [MW]
- Lippendorf (50% property) 920 [MW]

553 [MW
bituminous power plants 253 [MW]
- Rostock 553 [MW]
- Moorburg (Hamburg)

- Klingenberg (Berlin)

smaller units 3.183 [MW]
- Berlin (partly gas / oil) 2.708 [MW]
- Hamburg (partly gas / oil) 475 [MW]

[fi' 7 Vattenfall ¥R P B
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F R4 Boxberg % 7 unit R %% i—’pﬁﬁ il BSAE 'éf&f‘;f Bl 675MW » £S555 ¥

F43.7% (LHV Net) = ZN50EE /F EEVE /ES) 8L 600°C /610C /

28.6Mpa > CO2 £Hir 795 900 ** ju/H > ik Boxberg gﬁ’?ﬁ‘ EIESAY unit N
I CO2 £HEN 1200 50/ o A ﬂ[‘klEE 25% ° Boxberg unit R fi ﬁj(ﬂﬁaﬁ' =

q%'\l

Boxberg Unit R

Mnet- 43.7 %

Py 675 MW

MS: 600 °C /286 bar SN §

RS: 610 °C / 30 bar
ES: 32/ 39 mbar

/w"!‘- "‘~.;
e
e

-

Bo xberg
D spec. CO2 emission [/kWh]

ﬁ?ﬂ' 8 ~ Boxberg unit R F4f= ﬁlﬁ%‘l'

PN PRSE Wlﬁfﬁfll LS Moorburg » HE [ i 2 FITS 7 R 820MW
Gl PSSR > B 5k 46.5% (LHV Net) = 2y’ w{ﬂ’*s*‘é/{ujf‘?/ﬂ@/’?t
7985 600C /610°C /27.6Mpa » CO2 #HrEIF4EL 700 2° /% » 5 LF 2

*5 Gk Rostock ”F;L?’Frh’frﬂ/ CO2 £HiEl 800 * Ha /% » [ [F4% 12.5% -

Vattenfall 275 T 0K 5 FRHAE LY E | S S

_—‘?J.

%15#‘!5% =5 ﬁ?ﬂﬁ
2. NIRRT ] T IR € -
3. AN B AP CO2 22 okl — fl T fodt (o<l -

4. IGCC Y RIS B IO ol gL 5
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Vattenfall 7+ % E¥sa [“J% %5 (Biofuel Gasification ) FV3E5

Vattenfall 8 % W5 {4 fas 18 Bt pumRpll » 2 BT5 [~ R LA EUR| & i
7[\7[»‘1‘ )[%j‘-ﬂ,bf&?‘[:“ ' 32 ;’? | g{[?ﬁ_}jﬂ’tl'{?‘*‘ LVEF'JE/\}ZLE?‘*:H 4
(Combine Heat and Power ) fjfiis > | i =15t 35 i Tampere l%‘fﬁ'l'— EENT]
EJIGCC & 5 [~ 5% F:i’?f:‘am F:LTi[ EFH] o AFFEDY IGCC ') 2 BVELR
SR 7’7"/7'@73:' GT @5 F[M GT BEVPEALS T E= ST
gl lfkgﬁﬁﬂlﬁl MR #AT (IGCC 2+ B fa%ﬁﬁﬁ'@iﬁi%%[v['%[ 9)e

A

q%ﬁ' 9 ~ Biofuel IGCC and CHP —Fn’ﬁﬁf%[ﬁl

S 5 CCS Frdfi s -

IR B e Pl CO2 ?F" JRle P 5 AR RN B R

(Post-combustion ) ~ At VI HLEIRE (Oxy-fuel process ) I') %5 Fre /g
BT S AGCC HAH Pre-combustion)< = 4  Post-combustion fHH%
I L T AR P B S A R R CO2
Scrubber 77 EECO2 = Oxy-fuel process 7] J7¢T TV R~ J2 S35 S
e W’ynl%(@aga = el 53 L CO2% H20- £ #{]*'] Condensation $% F55Kf CO2
77 BE < 11 Pre-combustion F[[RL }l‘—’j*i!;k' 5 {85 CO » ]| CO Shift (CO <
e ) K CO2 ST BE » 5 CCS Sk RR ' 10 -
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Post-combustion CO, capture (steam power plants)

Conventional power plant
with CO, scrubber 1,000 m¥s, 13 vol-% CO,

Coal — GConvent. Flue gas J
Air —= steam PP~ cleaning CO,

Oxy-fuel process

Coal ——» @
O, T -7 - ==
GO,/ H,O

Pre-combustion CO, capture (IGCC power plants)
IGCC process

Coal— Gasi- _ Gascleaning CO, CCGT
0, — fication — CO shift [ capture _
10 m¥s, 45 vol-% CO, L®’ CO,

i 10 ~ 45 8l ) CO2 HFHERVAH T T

AL TAFR PR S BRSSPSR T e = CO2 AR »
Post-combustion A ~ Oxy-fuel process #[#REAE]"] » Pre-combustion
IGCC #HIEAH . "9@ YA o PRSI Y A (S BT "“:Ajt%” i
76 CO2 FFHREP > Ry IV g P A SRR (5 S I RS0 55 4 il I
F' “F CO2 P HHSIAE Y g2 F5 4 B ELs il -

24 (Hard Coal) 7 T4/ CO S 7 o 4 I > 2. CO2
PR Sy 429 39 € /7 > 7 HRT CO2 ff7Hk- Post-combustion =
Pre-combustion B 4l b 4 ~-35 ‘F{'ﬁ%‘ S55€/7 % » [ Oxy-fuel process
é@?‘fﬁgi i [ 52€ /T -

907
80- Note: Il No capture
Power generation cost [ Pre-combustion

70 | without CO, transport [l Post-combustion
o and storage cost [1 Oxyfuel
50+
40
30

EUR/MWh

20

Hard coal Lignite Natural Gas

AL SR DI CO2 PRI g Py £ it
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Vattenfall =~ 25T TGCC Ry 1= iy ™ I f56% -
1. F'R[E (Availability) 5 9091

2 R RIERTE -

3. e F%yf}ﬁg

4.l CO2 i

5. (R EREAES A

0. THEERH 1A LY B TATT -

ARE R E 2 IGCC 7o 58 CO2 FEFV RS - (il TP
s

(4) Siemens > Fil IGCC ~ 5 {*$ ST WA 1

Siemens >+ {1 = G I ([ MIREF - W1450E CO2 PR 751
= ﬁjﬁﬁ* SRR R R SRR OB i) ~ (TS SR 5 CO2
IR 0ol SR GRS S e =Rl 5 AP g P v
Siemens -+ Fil F a5l 5 [~ BJAEY Siemens Fuel Gasification (SFG) B
Oxygen-blown ~ §iz=VyEH] ﬂzh" =¥ (Quench) » & [~ TS /7 1300
CT~1800C VR > 5 (™ %ﬂﬁiﬁ@ﬂ%ﬂ'%ﬁ%ﬁ' 12 -

Coal'Feedstock

Steam
Wenturi Partial

Wash Condenser

.
Oxygen 1 H
LP Steam

i

LP Steam

5

Raw Gas

170 to 230°C .
Quench to gas cleaning
B ——————
Water ;

(3 A | Black Water \Water

I EEE—

Treatment
l Sludge

[
‘I Slag

12 ~ SFG A i
i i
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SFG = Ell'if‘jﬂ LS ™ B F,F‘)éﬁ (raw gas) %[JE'J”J‘K?‘({“]% 200C » FJ
E%*iﬁ‘?ﬁ’?‘}%ﬁ (=% > = SFG ﬁﬁ Fﬁ*ﬁ”f%] (SR~ TahE s 2w
SERAPIZT) o IR SR PSSR o R [ PR g BT
TR %165’[3[’#'] FL[ bhad fi CO2 R ’JD]%CCS ?f?ﬁJﬁf\ °
Siemens * fllFil Sj“J 38 IGCC th?’?\riﬁ il > & IGCC &4k £5) Siemens
Gasification Combined Cycle (SGCC) » “ HF] 5352 » SGCC | i34
ASUZ GT J° (3 #5° [T Siemens * Il # % GT > &= ASU -5
P HE i S 0 5 GT A IEpof' e 53 BErEE=F]M] > SGCC -# Ak
ﬁ%\' ElRl 13 -

Gas Island Power Island

Coal Air Separation N i
Preparation Unit [ e |
Coal Oxygen i
co2 H, rich Syngas |
Removal i g ;
1 ]
3 | v

Raw Sulfur ! Electricity

SR Removal *' . .
Co-Production of Chemlcals

Gasifier-Island
— Transportation fuels
l l l Synthesis [ *Methanol
—»Ammonia
Slag and Sulfur CO, disposal or —® Hydrogen
Filter cake Enhanced Qil Recovery
(EOR)

‘-:I Siemens PG scope of delivery

{13 ~ SGCC ki A

Siemens 2 FilTHINLEHELT SGCC - #31% IGCC 5 el 0 gk CCS %ﬁﬁ
VEEEHCEVE R > i ASU - GTﬁ b F\[@ﬁr@’ EIT?,EJ"EJ IGCC Fq’?\f‘“[
N [7"@%@ [T R TR B S fﬁé@ o [ (YRS A o

(5) f*[#¥ NUON %2~ Fil Magnum IGCC S FFT 1
@ F# Nuon ”F'ILT*‘J SRl PR - e Shell 5D IGCC = A Ey F“'
(Buggenum) * Shell f“‘"?}!*@ Shell Coal Gasification Process (SCGP) 2]
Oxygen-blown ~ §iz=V 3% J‘;%, (IR ﬁ H1. Magnum IGCC 48 Pt
o ST PRRESE T - 51— R IGCC FHIS Buggenum PRS- 7?
PF[I CCS %’[fﬁ (13 7‘;}' CCS V%‘fﬁf EaGE: r%?.f ?JH_‘L_‘FJI:%}JS 'IGCC A%
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TSI AR £5 1200MW » SSEIARALK - TS BTROR K2 5 1R
T e GT 4R P17 SRR St FBRPoE RIS 46%

(LHV) = 57 WP TFE pRSA 610 CCS REAIFHILCOD » KRR 2 i
AR P HI S T SRV B R TR
F[EEEL 429 (LHV) -

SCGP 7 CCS F%fﬁl'l‘fjﬁxj@ﬂj? -1 *Ejﬂf@???iﬁ  BUIEFRLA ST CCS
T \5'»5?7{2#’ e JE’}%EI[EJT&%" COS #afk f‘%’él%fg[' Sweet WGS 75 EEY F2[i#
CO2 & T L Sour WGS [ WIS [ 53 £+ — [HPLIRFR T
CO2 P 4y 41 TRk 0 i S5 P ¥ IR CCS
VA 30T R 14 -

Slag

Steam

Dry/wet
solids
removal

Dryfwet
solids
removal

solids Flyash Flyash

removal

H_5 remaval Claus/'SCOT

(Buffinol M)
[t =t reTTrTTTTT T 1
s I | |
Steam? =pf Staam? —f Sour WGS :
| |
| | !
| | |
| | !
| | 0, and H, S
| | removal 1
i I (Physical) | , co
I o=g=<—a [ S— P ! ’
Sal. & Sat. &
Diluent Diluent
Power Power Power
IGCC without CCS IGCC with deferred CCS IGCC with CCS

Q?qﬂ' 14 ~ SCGP & CCS A= E:'ftﬁﬁ'
Shell #=1- SCGP 53¢ I k- 4 ?%F% IGCC F%’ﬁr?;?ﬁ CO2 %ﬁﬁ%ﬁﬁé!
PRy g s S R Y I'F&"%ﬁifﬁ’? Jo T’f’iﬂ/*ﬁz‘j [’F‘[ IGCC . CO2 sy
T AAS TR 20~25€ I T AR I BSRE AR CO2 Ry A A
51T 30~50 € /I -
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(Z) 5[ GIHFHHL)
T F VR PHRR D 5 (IR 57 BRI (Fixed Bed) ~ Wi (=74

(Fluidized Bed ) ~ *[E i+ (Entrained Bed) = 7& » & ;H ST HIT A lF:F:
S g R CED S SETECE R o

il 7 7 5 (4 (Fixed Bed)

e Bl VA (5.08-0.635em ) 5 (ALY T o AR
e IS S e N e e S BN A Al
P ERT e WIS %&iﬁiﬂ By qi g 5 s IR
S ST RS S 1 R e R S BT
ek 4 B (tar) FEERETR 5 (SH NEVERR A o 2 SO AP
TR AR > R PR AR £ T S0k 5T SR R S
ISR o BT O [T ERAZ7 7 (dry ash)FY ARG (Slagging) A
U4 RV AR 430~1540°C (800~28000F) » & % Y1 & 31 fkfiz S ff 5L
P F* B PR R SR G i o SEPRSRETRSSLR A i H
1ﬁr%r%’ﬁﬁﬁnﬁ%ﬁﬁﬁgﬁﬁa~’wﬁﬁﬁﬁﬁﬁﬁ@ﬁﬁﬁf
[%597F 430~1095°C (800~20000F) °

T 5 [ ARLIL LRI [ S B
107 Y Lurgi(27 =) ~ British Gas Lurgi (f#ij#% BGL % [*4) (=)=
®ESY Wellman Balusha 357 > BETR Lurgi #1273 56 (4 =817 " (il
R B iR e i R R S s R R
British Gas #! Lurgi ** il HL [l 5211 BOL A = 5¢ 4

TRHR 79 % (™4 (Fluidized Bed)

PP 20 50 skt (OFF 7 <0.5em ) 25 b 50 (AT IS =L 6 0 7%
LR R AR e ISR P R U
[ = VApL s PIFSERFTISRT RV 2 B0 ] 50 (= T o5k
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N S SR o I’“‘%??rﬂ’?ﬂ[l F"E sk BB R R
870~1038C (1600~19000F)  Yfi {5 5t 5 7 SRS il |
AL (I TR ST VI F R
el ?F,E TR ?“‘?ﬁ Kellogg KRW ~ HT Winkler ~ U gas Al & ’E{?QF%
& Winkler =~

HT Winkler =!7 B Berrenrath = &= FIJ il 708 [ RER YA Fy
[BESTIEL 10 [ 50 B]0 > S (1R 2 96%RVRhEi gt » &) [FRHY Ry

EIFTEE 0.6 VSR A 0.3 FERVAS. o E1 ik LB EFE Y E | Kelloge
Rust Westinghouse ( {4 KRW Process ) » U-Gas Process xﬁﬁwj*ﬁ ¥ [~ 2
P HIERLEH SRR [ S (A J gy > = kL BTpaT AR
PR [T R S LR > T 58 [ sk -

FESRF s (48 (Entrained Bed )

e o 56 (0T PR SR R I <0.013em ) S35 2 SH 52
TR AR R AV TS SR A S A OER S
W (R FRIE 930~1650°C (1700~30000F) » 17 (RNt » PRIIFE | il
OGRS [ > £ TS ST R T
FRER o IR R A TS ST S I R
yaQ’”ﬁﬂﬁﬂﬂﬁM%?Wi%bﬁFﬂ ,wp”KEC£%%
A IRE I SR o FIFIEAE R SR ol g

GE(Texaco) ~ E-Gas ~ Shell ~ MHI I'] » Siemens ©

B 50 (R 1) 12 AR R A B TR RS 4
g ﬁ%%ﬁﬁﬂﬁb"@ﬂﬁﬁﬁﬂ@iﬁﬁE%“’uﬁ“*@ib
PIEHE VPR - AT R A G h S A B
200 FH e Sasol-Lurgt Bl &R SR PIFISRTW 57% gL LRl 5T
7 BOL % [T 7| (Rl (Low Rank Coal ) I/ SETfHIGE =" 5T A Af1
P
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(Z) fi 5 (Syngas) T |55

S f=m F—\[’?’V?‘ (Syngas) PR [EERISRIE S F LY 9t - FI’?‘}@“J
FAR A %@E’r'ﬁﬁi%ﬁ’ﬁﬂﬂf ™2 FURUP Ammonia 3% R
VISR~ FITEE (Methanol ) ~ FI’?‘H\?EI (Diesel) I') & [’?&6,\% (Wax)
5o AR P RRYI S -

—» Ammonia Fertilizers
—» Methanol/DME/Propylene

— Electricity (IGCC)

—» Diesel Fuel/Kerosene/Jet Fuel

Coal Fischer- I Naphtha/Gasoline/Detergents
Coal— o Syngas —»
Gasification Tropsch
P —» Waxes/Lubricants

L» Steam/Electricity

-» Synthetic Natural Gas

» Hydrogen

L Carbon Dioxide

1S ~ 5 50 2 8

F’ﬁ’?‘}i&ﬂ/ i Z1"] Fischer-Tropsch (FT) Z{AdRLs S fEhAE > 35 (27 e

MR EVRAT o B[
(2n+1DH2 +nCO — CnH(2n+2) + nH20

Fischer-Tropsch SRR FII™ | £ 56 = ol [~ 575 73 CO= H2 > BBl A5 T8
FEABRPIRE A A “‘A I VR g R T AL
(Large-Scale ) Flscher—Tropsch Fﬁ%f T g I T 4 TS
RS o P A F S TR F mflt”,lhf[[u@m
IS e 9 Se SR TIPS TS [ 7 e R e i e A
SYREH A PR IR RS R ROR] SRR iR T
73 VRN RURCR] > (LR SR E S L
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SR DOE Dr. John J. Marano 7 H5= IR XL 1 & BIPS 5557 K500
S [ Rl S0 R E R O ER I (4
B T~ SRR~ S PROR) 1 (SR A - (T SR

EYBEORIIE 5 (P8 ~ %+ EUS UG ) Fischer-Tropsch e
B QRIS ~ BB 5 ) o T W) A IR T R P
AR 0 PO SRR FT b5 3 E

qgﬁl 16 °

W Resid/ Wax Heavy Gas Oil m Light Gas Oil (Diesel) @ Light+Heavy Gas Oil
Kerosene @ Kerosene+Diesel m Naphtha mLight Ends (C2-C4)

100% -
90% -
80% -
70% -
60% -

50% A
40% - ﬁ e
30% 4 e
20% - 'ﬁ :
10% e
0% -
Lo-SiLgt Hi-S/Hvy Hi-S/VHvy Hi-T Lo-T FT
Crude Oil Crude Qil Crude 0il FTS FTS Syncrude
°API 39.5 274 14.7 N/A 53 57
Sulfur 0.4% 2.8% 2.7% nil nil nil
Nitrogen | 0.1% 0.2% 0.5% nil nil nil
Oxygen nil nil nil N/A 1% nil
RON N/A 50 65 ~20 ~20 ~40
CN 50 N/A 39 >70 >70 >70
Asphalt. | 0.2% N/A 8.7% nil nil nil

[Al 16 ~ SRR FT £ 5550315 53 Ey]
(1) = 3 [ Bif iRt rlisy

CO?2 j@%{%gblﬁ&th = —j&{gﬁ NG gﬁ— f' j«lrﬁﬁtﬂji\sf Jij"F;Q‘—LjJﬁSz ET
o Bﬁﬁlfﬂ%ﬁt%;ﬁ R AV R ey ﬂ%%ﬁﬁé}ﬁjﬂﬁ Vi
VEEE > I NE s B > 97 2010 & Ykl = 2000 F P ERYE (T
9% ) > 2020 =F YRRl = 1990 &+ EEEMRYEE (FEE 30% ) > 2050 & 47
VAR = (ST 1990 F #HVE! (J@E! 809% ) ° &%ﬁﬁilﬂﬁ’ﬁfﬁjﬂ%fﬂ » FTE T
?ﬂ%&%@?ﬁl%ﬁﬁ?’ 1 CO2 }?EFV%T H ﬂf%ﬁﬁ;ﬁ?ﬁfﬁfﬁi}?ﬁ” £l
(433 2 ju/ ) -

lpmfm

-25-



BEESRE ) COR Vet 7% 0 AR 0 I i 0 2 e 5. g
e T o T N COR AT » =% ) St fos il » ﬁu?ﬁ@;ﬂa
R BT ~ $R IGCC I ANE R | o R S N i

= R A HURTIRE 17 -

Postcombustion N Ad
(PC) 5
Coal
L; Power & Heat l-—> CO, Separation
Air .
2
Precombustion
(R Air/Q, Steam I £a,
i CO,
co L N\
= Gasification St'gbog:gfgzgg | Power Compressmn
: i Dehydrahon
ir
Oxyfuel Combustion
A
i " Air Separation
02
[
Ci'- Power & Heat

[l 17 + COD Hp e 57 Ty

SR CCS FelEHBRE » (AR I ARG fe v
o ST o V) SR B S h % - 3B EPRIPOAERT. - [y
EVR] 0 B IGCC+CCS TRy A &5 %:E”lﬁ‘*“ EVISE] > fIIl IGCC+CCS
] R +CCS 7 BB Aot ¢ I AT
AR AR+ CCS 5 8 (% 5 20050 F AN CCS 6 1752 (S8 05
SBUPHE-COD 4y VT 0 S WTES sl # 1  -

SRR A P CCS e ol B pipd > B | Vs Bl 4 P50 R
7 593°C (1100F) 1) ™ =Vt TR » 28 70EE /T 610°C ~593°C (1150
F ~1100F) VRl pirssiidend | e 38 sebiFe > 2970EE 7 760C ~6101C
HI PR PR - S TGCC IR g TR - R S i e !
HAPALLE ™ SRR - 24 CCS HI5T > COD P =1 et [
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Anticipated Cost of Full-Scale Application

CO e H 7 FameTEs (5 P AR iR 18 -

Research Development Demonstration Deployment Mature Technology
Advanced USCPC Plants

1400°F co, Capture 1'I59°F+
'USCPC Plants X
1150°F+ 1100°F
IGCC Plants
Oxyfuel <1100°F 1050°F |
) X SCPC Plants i
CO, Storage
Time

[l 18 ~ A1 B Pl 52 CCS 3 S

iRz \QJ’? 1R (A RE SRS 1 CO2 H)3Ri% #53 MEA

( mono-ethanolamine ) % > H = PHFHRECEZPI™

CO JFIFEA~ AR SE A FOD (PRI ) b g i >
W 05 Ry 2 TR - DY RS ﬁﬂfﬁﬁr&d/%z’;a«ag“ i
gl COR 1 #: MEA FRIWI » S8V 5 F PR 5% 5 CO2
MEA 538 $UKf CO2 73 BE3% * bl 4 CO2 Swipper f{ll CO277(~ > F|

2 8 (RS COL NIRRT 19 -

C0O, to Cleanup
and Compression
Cleaned Flue Gas i
‘ to Atmosphere
T e
QO Stripper
LT -
Absorber
Tower
Flue Gas | _ _ _|
from Plant
o ——-
co,
Stripper
Reboiler
L 4 ™ l

A1 19 ~ MRS MEA JFHRUFCRIE ) A
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S E PR PR A ] MEA JFR-CO2 » B H (=5 s (IR
A Tl > UM R ERERR i A A R ISMW R > CO2 4]
FRLATI S 9096 « T FbIR! Rebolier » 7 fighist ity - 1
=k GOOMW PP A% 1Ay 5S~6 e (592.5 1) 1 R - MEA )
FE[#FPHRLCO2 9F - BIE IS i 2~ WIS Sox = NOx V#H»
P R FREY

F ] GE (Texco ) S#( 1 (Tempa ) == /F[F H I IGCC 75 (AEP ~ Duke)
T CCS %{fﬁ 7 o4 e P CCS [ Cretrofit)» 7A@ R1 IGCC
WA ﬂ@”@%ii BIIEEZCE

IS ABP FEERERHLT > — el GETEB SRS -
PRI HEF 1 GT 1575 30-40%H Tk 5T R (ASU) [l » iy
i ASU R I+ §ELA] Rl [ERLE\ TR CCS 8 % o 1 GE 7
F GT A S TR R AV 5 » NI GT T2 ] Ll ASU
T B R SR -

2. PIVRTRUHISHISE (= 105 GT Rl ot il - 7t CCS g < -
SRR [0 FRER > PIPBRIGEET > GT L] SR L

3. FUIGCC P retrofit i T CCS %ﬁﬁ SR RUETR R CAGR) 1
COS/HCN hydrolysis ] ’T,'E\%[TE ’ }FI}Z\% sour shift reaction » =7 CO2
73 BEY £ %@Fﬂiﬂifﬁl PI9E 4 F3IEV HRSG 1P flVESFE A0 (=55 CO-
shift “J<H el 50V R R CO2 391 [ 17 138Barg -

4. EUGE F%?f;'/ Radiant Quench IGCC without capture {fi*'] MDEA % &
VB » o BT CCS 7 » MDEAK{) 17782 % Selexol PIH)
IV [EEETEECO2  H2 ) S e .

5. FHESTRTE B [~ BHNTR CCS B s D" (14 Shell 9
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Net Power Output, MWe

120MW) ~ E-GASG# 9TMW) & P £l GEGRY 78MW) » = Fl it GE %™
%[ Quench (Q) #* Radiant Quench(RQ)F’KJ@P%‘?P > feHH CO2 i

BT B

253 | P4 PSSR 1GCC (GE » Shell ~ E-GAS ) 7 %::?F“?ﬂcoz \
Retrofit £ CO2 Tﬁ]?ﬁ#ﬂr&?%?ﬁ JFFH-CO2 7 & R & EERC iR Rl 3 [ﬁ‘
20) > JEFT %Fﬁ%:

'_El

1. PR S ST COR R >t e -
i

{I'| Retrofit *E\%COZ TF"TE]?Q[F Ef ’?’“}H%ﬁﬁ#*ﬁ& YR DL e
%”f"*r;ri 30% » IGCC %J%EL[' |99 DAFE 16%~25% 1 [t » H HIJ‘J
E =%H J_}Uﬂ‘\‘ﬁjlEE

3. %?ﬁ?’?r CO2 JF3R- (new Capture ) [Rf » ™ [N fifs bl e ]9
& (%55 8.3% » [0 I'] Shell 5FE¥R DIt 23E 20% -

Supercritical GE Radiant GE Total Shell Gas E-Gas FSQ
PC Quench Quench Quench

20 ~ (LB RA ] COR R AL L L
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B 45747

SMRPREE Y

TR R A PR 27.5% 0 T ETHERECY HIRE 20%

II:_L

12006 &+ X [ES«'E[?E—W‘/

FYRUFTTHIFERAE A 4 o NGRS
T S I

el S S

o T SCBIELTET 2003 & &

4/\,‘,‘

&7

(R 21) [

TR VS S I EH PP R 3

i 2,400 3 /KW =

[y o et i

F"LTEIE 2= 2, 800 = ﬁ/KW ° rj: 1GCC ﬁgﬁiﬁ[ []j > F|| P15 ﬁﬁ

F KW I

CFEUIIp 22) -

—E

T =3 S

SoLa ST

[rI o

"“J I 3

=71 HTAEP .V Hempstead F

2 3,000

W P,

?WW%%PWM%&@W%WWWﬁ@M@W

Construction Cost Indices
(Source: Chemical Engineering Magazine, March 2007)

560 1,400
540 4--- =i~ Chemical Engineering PlantCostindex | ' &+ 1 1 4350
k] =$— Marshall & Swift Equipment Costindex 3
E 520 - L 1,300 %
g 5004 L 1250 2
: i
o
o 480 4 F 1,200 2
£ 3
o
E 460 F 1,150 s
£ g
£ ]
W 440 4 | 1100 *
E -
E 420 1 I 1,050 IE
& 2
400 4 F 1,000
380 T T T r T 950
Jun-98 Jun-99 Jun-OO Jun-01 Jun-02  Jun03 Jun-04 Jun05 Jun-06 Jun-07
/u —t 1;__‘ KT 1B
21~ (7 R 4 S B
Owner Plant Name/ Net MW Technology/ Reported Reported
Location Coal Capital Capital $/kW
$ Million
AEP Hempstead, 600 USC PC/PRB 1680 2800
SWEPCO AR
AEP Sooner, OK 950 USC PC/PRB 1800 1895
PSO/OGE
AEP Meigs County, 630 GE RQ IGCC/ 1300 early ?
OH Bituminous 2006 now ?
Duke Energy Edwardsport, 630 GE RQ IGCC/ 1985 3150
IN Bituminous
Duke Energy Cliffside, NC 800 USC PC/Bit 1930 2413
NRG Huntley, NY 620 IGCC/Bit, Pet 1466 2365
Coke, PRB
Otter Big Stone, SD 620 USC PC/PRB 1500 2414
Tail/GRE
Southern Co Kemper 600 KBR IGCC 1800 3000
County, MS Lignite

[fif 22 ~ 2006 F S [t 2+ A

-30-

I_L

T T 1 - i



SH

~

53 PTG I PR IGCC Pl )72 CO2 7] l’% i 7 e
Y4 P4 No Capture H1{73)) jéﬁ it Pl %’%’(ﬁﬁ (A3 /T 1,900~2,200 57
/KW (2006 = it ) IGCC AN GE Total Quench ##[% » £ Retrofit
Capture Wi?ﬁﬁ? = IGCC HI T 73§25 A E5 3,700 S /KW (2006 +
{15 ) > F& New Capture [[J# {47 Retrofit Capture 7% 3,500 57+ /KW (2006

AR (R Tu%&ﬁ RS IGCC AL HRF] CO2 JPRLE T s 4 1
£ No Capture f# {%% ~ New Capture - * J/|fi| Retrofit Capture ﬁﬁ, | (%ﬁ%ﬂ‘ 23) e

5,000

No Capture
Retrofit Capture
— 4,500 B New Captwre . § 0 _ . ]
[
©
o
&
“g" 4000 t-————"—--—"""-"-4+--—"""44r—+F+ """Vt
=
a H
€350 fy—1——@Ot"""1"""®t "=y 1
[}
=
e
S 3,000 - - e e E BiE BRGEaEEECEEEEE Ry
g
14
£ 2,500 {---—---—-- - B I —————————————————————————————————————— I ———————————————
[=%
-]
5 2000 |-
g I T Tl S o i i
[
1,500
Supercritical GE Radiant GE Total Shell Gas E-Gas FSQ
PC Quench Quench Quench
[ﬁ[ 23 ~ INGRR ;ﬁir (o HiE CO2 ?ﬁ?&[ﬁﬁéﬂ U HEEYRY A PR

EPRI 5 58l i == IGCC 4 T CCSE'F:'F EEIS AL A T
7 f'—r[ﬁIEL#t'o 2006 = g > 30 = I 51 Fuﬁ‘f¢ » 7+ No Capture ¥
P I%Eﬁ& bl %’?Wm
CO2 #Hd | WiEG2 @ » FR Retrofit Capture Eﬁj %Eﬁ Erj ARy 10 357/
% [0 IGCC P! | GE Total Quench 38 {Fa%55 9 553/ > Shell 8t i

F i/ [ IGCC %’Eﬁv‘ﬂ 6.5~7 F 3%

&I S
T B

115055 3 4% New Capture [Ff i 5 & FoRGf1E 545 Retrofit Capture0.5 .53/
B (2F
% o (FElH 24)
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=71 Retrofit Capture
I New Capture

130 T T T
l- No Capture COE Includes $10/tonne for CO, Transportation and Sequestration ‘
120 =

100 -

=
i p—
——

[1=]
o
—
——
e

30-Yr levelized COE, $/MWh (Constant 2006$)

oo+ttt
70 - I ffffff I 77777777777777777777777777777777777
60 §-------- R R —I ————————————————————————————— I EERERate
50 _____l____ ——— .
40
Supercritical GE Radiant GE Total Shell Gas E-Gas FSQ
PC Quench Quench Quench

[l 24 ~ A5 B Pl 5y R CO2 APJRAFY ™ V9™ 3R F ’?WHﬁI

ik i PRI » IGCC i 2 F 398 (Scale-up) 5 A RS -
HF] S (] ~ R (328 CO2 APRREDR= 28 1 RS 4 o 1T e
L1 CO2 ?F‘?ﬁiﬁrwwy?“@@%i F % IGCC IV REETTY T e bibin
P 5 ETE T CCS 4t isfi[ i 4% CO2 fivr 1% » % EOR =¥
9 > H P CO2 @ fkefsy vt - BEREgRIL- -

() Ep SVZ 3% 3!<‘«|E-1 H 4 IGCC & %‘ﬁﬁif?&?ﬁ

"?%H SRR fﬁg@“ﬁ\ljﬁﬂ SVZ ?ﬂ?ﬁzﬂé IGCC - Sustec Schwarze
Pumpe 3% /7§ o F' » Sustec Schwarze Pumpe 3 [HA 1964 & 55 Fid
[l e (A FIRAGED R ERISR] 5 (™ (B8 town gas V] o A
1969 F KR 24 4 50 (> RS EE 2 SRE S town gas S TR (1SRN R
859%town gas %TTE'I ° 1990 & PP M- 5 town gas =T REEMEHL IR
V1992 F A RAREELT PR PSR S [T 1995 SRy AR T
S [TEHE P ‘ﬁ%ilﬁ;’?ﬁ bfkfﬁﬁlé éﬁrq’ﬁr‘ 12005 F 7 Hifl s J_I Sustec

Sustec Schwarze Pumpe Mﬁﬁgfi‘[ﬁ&'iﬁ* APPSR (T R H 2 R
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2275 IR 40 PYPF > RIS R - R e
BRI LR S FY RS I Y A A HIHEr (175 %
(synthesis gas) ~ ['I[# (methanol )~ T ¥ (gypsum) ~ ]2 57
ARV S (B R e = 'EIJTH 7 Siemens HIF (fERA )~ BGL &

A FDV SACRL Lurgl) V[l A ﬁlqﬁa\lﬁéfqg\l 75 o

Externally processed solid waste

I 1
. | | 1
Sewage sludge ® @
ol ‘_— b ! .l Methanol
Used plastics @
»x e
=) o = =y = xq
e e
Electricity
Contaminated wood ® b ¢ @ »
——— — .
e ——
Sarhme ® L= — it sean
Qerveste . l —_ v . »
[ ] [ L ®
T a N Calcium sulfate}
ar an ——
other sludge l®
—— —
B |

Liquid/pasty waste
- Cleaned effluent’

Oxygen
—]

) —
@ Sewage sudge briquetting (®) Entrained flow gasification @ Methanol production
(2) Compaction of plastics (7) BGL gasification @ Combined Cycle Gas Turbine
3 Wood chopping Pressurized bed gasification @ Boiler plant
@) Waste preparation (@ Gas purification 14 Sewage treatment
®) Pelletising plant © Separation of oil/ water

ﬁ%ﬂ‘ 25 ~ Sustec Schwarze Pumpe A A ﬁLﬁ%ﬁ'

E[ljif‘\ﬁﬁf sk 2 g FE’%* H 3a (= (BGL =2 Siemens S ) 25757

R -

BGL (British Gas - Lurgi Gasification ) 3t [*ZI%

BOL B2 2 (WA » 5 (/R 1250 3.6M » 9t} » gt

Mo
3] s

R TRURI ERE PR P > TRFETAT (Slag) (5] RIS - BGL %2
TSR AR 35 /TN -+ 75 50 3 1A 35,000 Nm/hr » S 46T [~ s
T8 EE 1,600°C » 3 (<] 185 25 bar > (7553 1R 500700 °C - 34

e £ SRR /14T 200°C 57 ! £ 6,000 N 07 ¢ 111
o+ TRERU P SEAF 7.5 thr » BOL & (4 B 26 -
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wastes

0O

waste bunker

waste lock waste lock

feed hopper

gas outlet

wash cooler

fuel bed

gasification means

(steam/ oxygen) injection of

gasification means

=

ring burner

slag quencher

lislag outlet

slag

[f' 26 ~ BGL % (™% Elp
Siemens 3 [~ ZJ*

Siemens FYEH A 50 [=HRA > 50 T B 24M > PRERAEEE 0 50T
E = TR 0 oI «F,”’Eiﬁl (EER] Slurry ) ~ ARG ENIIE =
FERER] > I IREER RS 200~600 Nm*/hr » EHIRER R4 2~4
[i/hr - TIEWEWF'JT SR gl 3~9 P/ hr > kR F"iﬁ‘ (Slag) £} IFR
¥$ Higl F[ o Siemens % [~ Fﬁ"f%ﬂ % £179 50,000 Nm?*/hr ° ]?I%%‘«%\ﬂ“ (il
12,000~15,000 kJ/ Nm? » 5 [ 7" |~ EEVE £ 1,800°C » 3¢ [ <] s£S 25 bar -
A HEERNER 5,000 Nm/hr > 25907 (TEE 4 [Bf/hr ﬂ&ﬁgg%ﬁ@gguﬁgﬁ 2
52 [/ éﬁgi%sznw SR FLE'E b ASMW > el FpAE FL
EHED 30MW - Siemens 3 [~ ,%Lq%ﬂllqil:q%ﬂl 27 °
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steam oxygen/steam

cooling water u L] © cooling water
.

gasifier

gas

quenching water

qguencher
soot water

lock

slag

[fi! 27 ~ Siemens 5 {4 Hp

Sustec Schwarze Pumpe 5 {“Hefi* #5 tH _FRL{EGHE (=7 o I &I~ FF[‘[
EERNS EF“f 3?] R R RAT B
AR 2R R st e B (e
95%I'] -
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W8 [EC 57~ iR IGCC & XiL R P it i "ipe i 47
1227 HHT Puertollano 2918k 19 Elcogas 77+ il IGCC Pl (FLIA 28) -
A EapgraEE 1GCC é@%ﬁﬁf%: AR ‘[ﬁ% o

[fi' 28 ~ 1757 Elcogas IGCC 4% Pl 4T i/

— ~ Elcogas IGCC ”F%’E&ﬁﬁﬁ

1992 & 4 F|i220 ~ B SRR SRV AV FEREE Rl
R =i IS Puertollano $91k = — ZEgT R PO B (=
HI TR Eéﬁ_L*JrEf, Elcogas Project #f PRI 195K 4 Ff ro i
e r"Iﬁlﬁg'[ﬁ'?”FL‘JrEf'. HIPEF g > 2 2h R EE A
Elcogas f[JgleFh#ﬁ;wFﬁZ, SFIFH o B S5 F ENEL il o i
National Power “* Fil » 177 i Babcock & Wilcox Espanola * Fill'} st
fiy Siemens #{! Krupp-Koppers ** [i I At [fa\‘ 29 Fr-=- J[1ES Eleogas Ff
%:WF.IIBF\']:? 0K F:ﬁ’zfﬁlaff%if?%ﬁi’%ﬁ ( European Union ) THERMIE
Program [IWFT2] = 1992 & 7 F| R E Rt #h 7 1727 Y Puerfollano it
7] o #37H] Krupp-Koppers 1Y Prentlo % {4 CE /=11 Shell s )

I'J% Siemens Y VO4.3 HIPAZBUSR: - At AR 355MWe ISO (R
190MW + Y7 14SMW ) -
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Autocartera Wilcox

. 0,2% Espafiola Krupp Koppers
Electricidade de 0,1% SIEMENS GMBH
Portugal ‘E‘%E"/L 2,5% 0,04%
4,3% 19 /o
' ENDESA
GENERACION

Hidrocantabrico

4,3% 40,9%

Iberdrola
Generacion

12,0%
e EDF

INTERNATIONAL
31,4%

[fit 29 ~ Elcogas BB “"?‘ﬂy}f‘j qEa]

[fi' 30 kL Eleogas * il 5 [~ Hil PR PP o A o Sff’?ﬁr
100%%%%@ » 55 ’%’J’r’:’l’frﬁffﬁ“#‘ﬁ (e PR BRSO I - 2
TR B Air Liquide I - FR7 | {SIRIS IR0 03 B S 2
FRANEG > FE G5%ATE AU 5™ 99.9%A T 1Y F S H AIRE
s AT [ 2 50 PR AT 575 5 1|3 D NOx 92 15 < Elcogas IGCC
AR S FJ D3 50% 315 (pet coke) BB = fol ] SRpEAL
B R T SR S S ) 2 5T R TR i Prenflo
(A e 50 1 SRR S L 0 P Ty Bty = 1 5 5.6m
ALRIEY A% 55 53] FITAR Ay S2m o 215 o 5% 5 LAl ETER T - S
SYASYA [V {ER 55 50 [ZIPETHET ST 1 > Sy IED £ 56 2057 2 900

’ [JB’BLF ’?‘/%H'EJ’?‘WH‘*ﬁiF,’?‘/%wq—m JERpuiEEE F,E‘/;E&EIHI
PRI SRR 55 N A - SR AR 240°C © )
BRI 795 50045 1B 2 12.6MPa {1 3. 7TMPa [OBIA AT £ | R BE R
IR PR A T RIS B TS ?‘l"ﬁ?ﬂﬁﬁw‘%’
VER[TR)R ITRELF | PR T (Lock HopperfPT i = (75 56 81105 £
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e 5050 D5 o 8 s RS IR R SE
LNy e i JLHUI?%% R 2 (R ’“}’?‘/5?@%%
L ”QBQEPJT[(Venturi scrubber)Z. 55 pki [ o PR 5038 [~ 2k ]| £ EIJ 7 COS
B IS o o 1) MDEA BRI Plse =l ™ %I'TF T[pif fnﬁ’ﬁEJIH%EE'J
Claus SRR Ffke -

4 Flue gas to stack

Process description

Steam
> Heat Recovery
G:r:izrl::m =
HP Steam TURBINE
MA Steam 135MW|50 ‘
Limesmimleum o Con enser
l Hot combustion gas E—
Dre;:;rjillicn = h:::::rer Raw Gas: R w::: RE::’;I jin o \
1 Tail|Gas Claus gas GAS
‘Quench Gas TURBINE
Slag Fly ash Water ?llr_: R::E:;ry e MWISO
to treatment * |
Waste N,
Air Separation Unit
Compressed air
[fi' 30 ~ Elcogas 7y 7ot i A
Elcogas IGCC Ffr= EIF%%‘?Q@ b U/
TP (Pet Coke) 2 E[WJ}‘&LiE'L]: A Y P
: VI FUEL MIX
COAL PET COKE (50:50)
Moisture (%ow) 11.8 7.00 9.40
Ash (%w) Ca1.1» 0.26 (2068
C (%ow) 36.27 82.21 59.21
H (%ow) 248 3.11 2.80
N (%w) 0.81 1.90 1.36
O (%w) 6.62 0.02 3.32
S (Yow) 003 | Cs500 | Garo
LHV (MJ/kg) 13.10 31.99 22.55
ff™ 5 Fe 5 Puertollano #if9 2 & I {5k (0.93% )~ 77 (41.19%)

S IR TS AE

)

(0.2696) ~ iy (5.5%) V1L = K
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22.55MJ/Kg (5,386 Kcal/Kg) ©

BRI SRS

[A4EL 20.689% » ﬁlﬂtﬂ 3.249 o IR A

GAS STEAM | GROSS NET
POWER  TURBINE | TURBINE | TOTAL | TOTAL
OUTPUT (MW) (MW) (MW) (MW)

1823 1354 317.7 282.7

EFFICIENCY GROSS NET

(LHV) 47.12% 42.2%
EMISSIONS g/kWh mg/Nm® (6% Oxygen)
50, 0.07 25
NO, 0.40 150
Particulate 0.02 7.5

FHHART] Siemens 94.3 S TS FIESLN]Y 182.3MW » SR Pl P ]

;'B: 5‘}' %“‘r:_‘!a::\ /HQ?(Q

1 317 7MW > 351 ] 282, TMW @ A8 =2

’—jj"’i ir)ﬁ‘kLr J1354MW’III—I‘ ,;}JZJ L[I

¥ 47.12% (LHV ) > 181355 42.2

96 (LHV) > [ 31 B~ g ft= =g & (% -

5 Yfﬂﬂ}‘lﬁﬁk[ 77 » Sox £% 25ppm (0.07 Pu/% ) ~ NOx £% 150ppm (0.4 Ju
/%)~ Tsp £% 7.5ppm (0.02 Pu/™e ) » [T 72 4 24 SCR PAINOx £

BRI -
IGCC, NGCC and Total yearly production
2.500
ONGCC GWh
m IGCC GWh
2000 1,938
1,712 1672 1744
1,533 [ ] 1ss0
1.500 — a2 Vﬂ 452 1
1421
g 1,171 622
1.000
752
836, a7
500
744
0 H : . . .
1998 1999 2000 2001 2002 2003 2004 2005 2006
year
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Elcogas ** _F[J}l’j’ i F’—} University of Castilla 1a Mancha * Empresarios Agrupados *
Técnicas Reunidas* INCAR-CSIC » CIEMAT =% (W%;F% 8T Elcogas
IGCC Fefefit CO2 PR Bl = i 331 FHHE Y 1,000 P -
KT SO COD ST T AT [ B 1 10CC B
PR E CO2 MR P58 FRg{2l - 2 Elcogas Py Pl P i 2! |
L Y G o YtTEJaer%‘.“J}Iﬁ’ﬁEI I'F‘[ CO2 H]HtloT BER SRy (“f=T17 - I+
SR (7 B €1 o 33~ 34 KRTRARINE B T <

COAL + BIOMASS + WASTES

l

GASIFICATION

GAS

Potential demonstrating of new
process with synthesis gas
partial flow.

N3

Power Block

Air Separation Unit

M! wi | (o

1 " [T Gasification unit

Pilot Plant for
CO, capture and
H; production
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[l 34 ~ 5t COD H IS 14) 0 feln 1
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=~ EEE 3 (Availability ) 53T

Elcogas IGCC e 1993 £ JHIBENT 1996 4 7| GRS | Rsa e

{5 > 1996 F 10 FIH PRSI S5 et - 1998 & 3 [T syngas

S o FIB V943 SRR (75 50 G R ff 2 !
ASLEE: [ [ Buggeenum IGCCAHSR H1 VO4.2 S0 91| 275 50 S HE I
(IR A 55 RE R > SEPINGES S (7 055 » 202U 2000 3 5] 58 Sl
PR B EER « [T R SR 10097 R Bl w e e b

LIS o [P ST TS 2006 F ERT - = R F S B
5296 + FHEFERISHIN 17.49% - JERHE IR RISRS 30,696 » 15
(T H I3 6596 > PRI it M IR 6896 - ASU IS i I35 80.8

% - (G 35)

O Availability O Planned Qutages B Unplanned Outages
100% 1 55
/o 172 15,0
30,6 137
80% — 16,9
17,8
60% -17.4 808,
68,0
40%
65,0
52,0
20% — —
00/0 I 7 T
IGCC GASIFIER POWER BLOCK ASU

[ 35 ~ 2006 = FErHeTi* ]k ) el

3G WIHERARISHI ST AT - 50 (7Rl 48.496 ~ HH PR Pl

SRS 41496 ~ ASUHISTRS 5896 E PRSI 4496 = HEIR [

R ST R R (i [~ F s 34.569%6 ) ~ A nﬁmf

A R [ AR et 22.496 ) 0| FE PR Feffl o) = forfs i 8 S 4
s (IRl I 94.78% ) -
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FARTR T 55 50 (syngas)F - GT fE3fa Q:ﬁ]ﬁ JHEETE humming
ISEIEON Wl*ﬁfﬁ%;&@*&%ﬁl'g Seimens * Fil FRAERI KE L) fffd— F)
WA o =S GT pﬁp;ﬁg, %@r ; cm & GT B RIARE
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CHE Y HE T PPER > TSR

U5 1T i
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[PEAEAFET > AR IR AR
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VRCAR T 2 % 8000 1R » o it fu [ I~ 2 3 4000 7
[ Vi ZENERC 5 R o AR R R L R U e
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