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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 &)
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Ref. : World Energy Outlook 2004, International Energy Agency.
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Ref. : World Energy Outlook 2004, International Energy Agency.
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Ref. : Intergovernmental Panel on Climate Change (IPCC) website, http://www.ipcc.ch/present/present.htm.
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New coal fired Oil fired Cement plant Steel plant
power plant power plant
Capacity 1000MW 1000MW Clinker: Crude steel:
2.24 mtly 7.1 mt/y
Volume 2,830,000 3,200,000 610,000 780,000
(Nm3/hr)
Temperature 49°C 53°C 85°C 250°C
Composition
CO,(%) 13.2 10.3 25.0 26.8
N,(%) Bal(71.7) Bal(71.0) Bal (58.0) Bal(68.4)
H,O (%) 11.4 3.6 7.0 0.9
O, (%) 3.7 15.1 10.0 39
SOx(ppm) 5.0 5.0 3.0 70.0
NOx(ppm) 5.0 5.0 380 55.0
Dust (mg/Nm3) 2.0 2.0 10.0 25.0

Source: NEDOQ Report (RITE) (1999)

TAE

Ref.: T. Takekawa, “Zero Emission Technology Development & Deployment in Japan,” ZETS 2" Planning Workshop, 2002.3.
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Project
Wabash | Tampa | El Dorado | Shell IGCC Sierra India IBIL Schwarze IAE Coal IAE Waste
IGCC IGCC IGCC Pacific | Gasification Pumpe Gasification | Gasification
IGCC Gasification
Country USA USA USA Netherlands | USA India Germany Korea Korea
Pet Lignite/oil
Fuel Coal Coal |coke/Waste| Vacuum Coal Lignite slurry, RDF, Coal Wastes
oil residue waste
plastics
Syngas
Composition
H, 24.8 27.0 35.4 34.4 145 12.7 61.9 22 28
co 395 35.6 45.0 35.1 235 15.3 26.2 45 32
CH, 1.5 01 0. 0.3 1.3 3.4 6.9 0 2
CO; 9.3 12.6 171 30.0 0.6 111 2.8 g9 30
No+Air 2.3 6.8 2.1 0.2 493 46.0 1.8 24 8
H.0 22.7 18.7 04 - 0.7 115 - - -
Oxidant 0, 0, 0, 0, Air Air 0, 0, 0,
0 Syngas S A A8, CO> CO, 0l 2l CO, & =0tXD, H, 2212 CO, sE2 12 =9
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O|=2 FutureGen EZHIE =2 GreenGen TZHE
(A& IGCC 275MW + CCS +F4A] (A& 1GCC 200MW + CCS)
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FutureGen 22 ME XXl

FutureGen Industrial Alliance, Inc.

External
: ; Relations
Cooperative S —] .
Agreement 7 E ol vh puilliton  ppl & F cou Committee

&= CONSOL ENERGY “"2‘5&'&% Peabody

U.S. DOE O [{Ieshans | Technical
i ' _ Committee
Board of Directors
GSC
(012, oI, 943, o
ST, 88, ZF)
Technical
Subcommittee - GSC (Government Steering Committee)

TAE

- Modified from “FutureGen The Right Project at the Right Time,” Gasification Technologies Conference, San Francisco, 2007/10/14.
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Ref.: S. Sakurai, NETI Coal Division Director, “New Coal Policy with a Focus on 2030,” The 21t Pittsburgh Coal Conference, 2004. 9.
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Hybrid gasification of coal,
biomass, waste plastics, etc.

P — s oil, Naphthalene, etc. % IGCCAGFC ]
& —*Methanol, QWAL ¢

Ton
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Ref.: S. Sakurai, NETI Coal Division Director, “New Coal Policy with a Focus on 2030,” The 21t Pittsburgh Coal Conference, 2004. 9.
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Ref. : Gasification Technology Conference 2004, October 3-6, 2004, Washington, DC.
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Company/Project
Fuel Plant output/cost Technology Start
Name
Centrica/Progressive 800 MW (+ H2 to grid)| Gasification (IGCC) — syngas, conversion
Coal (petcoke) 2012
Energy, Teeside, UK ($1.5 bn) H2/CO:2 + separation+ precombustion capture
China Huaneng Group Gasification (IGCC) — syngas, conversion
Coal 100 MW 2015
[CHNG), GreenGen, China H2/CO=z + separation+ precombustion capture
Gasification (IGCC) — syngas, conversion
E.ON, Killingholme, 450 MW
Coal H2/CO=2 + separation+ precombustion capture 2011
Lincolnshire coast, UK ( Pound 1 bn)
(may be capture ready)
500 MW
Ferrybridge, Scottish Pulverised Coal (supercritical retrofit) +
Coal retrofit 250m, 2011
&Southern Energy, UK post—combustion capture
capture 100m
Gasification (IGCC) — syngas, conversion
275 MW
FutureGen, US Coal H2/CO=z + separation + precombustion 2012
(US$1 bn)
capture
Gasification (IGCC) — syngas, conversion
GE / Polish utility, Poland Coal 1000 MW Hz/COz + separation + precombustion ?
capture
Gasification (IGCC) — syngas, conversion
Nuon, Eemshaven, Coal / biomass
1200 MW Hz/COz + separation + precombustion 2011
Netherlands / natural gas
capture
Gasification (IGCC) — syngas, conversion
Powerfuel, Hatfield
Coal ~900 MW Hz/COz + separation + precombustion 2010
Colliery, UK
capture
Gasification (IGCC) — syngas, conversion
450 MW
RWE. Germany Coal Hz/COz + separation + precombustion, 2014
(€1bn)
capture storage in saline reservoir
1000 MW Pulverised Coal (supercritical retrofit) +
RWE, Tilbury, UK Coal 2016
(800m) post—combustion (may be capture ready)
SaskPower, Saskatchewan, Pulverised Coal + post—combustion capture
Lignite coal 300 MW 2011
Canada or oxyfuel, storage in oilfield EOR
Gasification (IGCC) — syngas, conversion
1000 MW
Siemens, Germany Coal Hz2/COz + separation + precombustion? 2011
1.7 bn EUR
capture
Stanwell, Queensland, Gasification (IGCC) — syngas, conversion
Coal 100 MW 2012

Australia

H2/COz2 + separation + precombustion

A2 CCS T2 HIE &gt

1
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Project name and location

Source of CO;

Type of geological
formation

CO; stored

Sleipner (Norwegian North Sea)

Stripped from natural gas

Saline reservoir

1 Mt/year since 1996

In Salah (Algeria)

Stripped from natural gas

Gas/saline reservoir

1.2 Mt/year since 2004

K12b (Netherlands)

Stripped from natural gas

Gas field —EGR

More than 0.1 Mt/year

since 2004

Snohvit (Norwegian North Seal

Stripped from natural gas

Gas/saline reservoir

0.75 Mt/year, starting 2007

Gorgon (Australia Poffshore]

Stripped from natural gas

Saline reservoir

129 Mt over the life of the
project, starting between

2008-2010

Weyburn (Canada/USA)

Coal

Oil field ?EOR

1 Mt/year since 2000

Permian Basin, US

Natural reservoirs and

industry

EOR

500 Mt stored since 1972

Frio Brine, US

Saline reservoir

3 Kt injected in 2005-2006

Nagaoka, Japan

Saline reservoir

10.4 Kt in 2004-2005

Ketzin, Germany

Saline reservoir

60 Kt total , starting? 2006

Otway, Victoria, Australia R&D project

Stripped from natural gas

Depleted gas field

50 Kt/year, starting 2007

Callide,? Queensland, Australia

Coal

Underground sandstone

formation

More than 30 Kt/year,

starting 2010

Monash, Latrobe Valley, Victoria,

Australia

Coal

50 t/day, starting 2008

TIAE
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Ref.: Jared P. Ciferno, “CO, Capture: Comparison of Cost & Performance of Gasification and Combustion-based Plants,” Workshop on
Gasification Technologies, Denver, CO, USA, 2007/3/14.
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Ref.: Jared P. Ciferno, “CO, Capture: Comparison of Cost & Performance of Gasification and Combustion-based Plants,” Workshop on
Gasification Technologies, Denver, CO, USA, 2007/3/14.



(eg. power plant)

- Ref.: John Kaldi, “CCS Activities in Victoria,” CO, CRC Workshop, Australia, 2007/7/27.



EOR (Enhanced-0il-Recoverylil At2& C0, X2

= High Pressure: > 2000 psi

= High Purity: > 95%

= Scale & Deliverability

= Long Term Availability: ~10+ years

= Proximity to Target Fields: < 300 mile radius

= Economic

- Ref.: George Pan, “CO, EOR Sequestration Experience: The Weyburn Story,” Workshop on Gasification Technologies, Bismarck, ND, USA.
2006/6/28.
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Landline 28" Offshore Pipeline

Gasifier
complex

@ New Wells

15 MM TePY Liquid New Injection
CO, Capacity Platform

Depleted Gas
Reservoir

TAE

- Ref.: Cal Cooper, “Opportunities and Challenges for CCS Projects,” IEA/CSLF CCS Workshop, Oslo, 2007/6/22.



ConocoPhippilsAte] €= Immingham CCS =M E

Humber Area Existing Power Plants & Proposed CCS Schemes
Total potential CO, emissions ~ 80 MMT/yr (14% of UK)

6 20 .‘____SITIIﬂﬁ
Ferrybridge - P 2 P : 3
é;ﬁbmwgh _ — -

8 2 EON @ immingham

Keadby V. : . '

O 2 oo @ Eon "
#G%er Fuels ICCS 25-7.5 \

Souhﬁumﬁrm

«——\West Burton §

- -Cottam 8

. Proposed CCS Scheme, CO, emissions MMT/yr
© Existing coal plant, CO, emissions MMTAT
2 Existing gas plant, CO, emissions MMT/yr

Possible
Gasifier Site

-Ref.. Cal Cooper, “Opportunities and Challenges for CCS
Projects,” IEA/CSLF CCS Workshop, Oslo, 2007/6/22.
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- Ref.: John Kaldi, “CCS Activities in Victoria,” CO, CRC Workshop, Australia, 2007/7/27.
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- Ref.: John Kaldi, “CCS Activities in Victoria,” CO, CRC Workshop, Australia, 2007/7/27.



1) IEA ALO| E : http://www.iea.org
2) CSLF ALO| & : http://www.cslforum.org
3) IEA G8 Gleneagles == 18 AIO|E :
http://www.iea.org/G8/index.asp
4) L= {4 A0l E : http://www.g8-ccs-assessment.com
5) =2 e DHAZ : http://www.g8-ccs-
assessment.com/programme.htmi
6) 2007 112 MI3XF ItLICH I3 4F AFOI E : http://www.CO2network.gc.ca
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