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0il Futures S A
of Energy/Energy ._.-:.,.-’
After geologist M. King Hubbert correctly Information garipee”
Administration » ‘.-“;.-]
predicted that U.S. oil production would it
Many Lertwee” International
peak by the early 1970s, analysts adapted expect peak AP Energy Agency
by 2015 B '
his mathematical formula to calculate .,--'_:.-"
LRPa RANGE OF 100
the peak of world oil. Forecasts vary ...-'* g WORLD OIL PRODUCTION
o * FORECASTS
widely, but there is agreement that once ._..-" »*1
" o
oil peaks, extracting what remains will ® & 32l M
.-'. i‘.
be vastly more difficult and costly. chery .,a.'"
0-"'
.'.4. BO
Forecast by analyst Forecasts by
Sadad |. Al Husseini othar analysts
WHY A RANGE?
Peak forecasts differ in how they
WORLD OIL . include unpredictable variables
PBQDUWON that affect production: how 60
;"::'I':’" barrels much oil is left in the ground,
y new technologies, and rising
demand from China, India, and
other growing economies.
HISTORICAL FORECASTS
1990 1995 2000 '05 '06 10 "5 20 ‘25 2030

_________________________________________________________________________________________________________________________________________|
Source: P. Roberts, “Tapped Out,” National Geographic, pp.86-91, 2008. 6.
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LARGE OIL-FIELD DISCOVERIES = Gilant: 500 million to 5 billion barrels

B Supergiant: 5 billion to 50 billion barrels
® Megagiant: Over 50 billion barrels

41 30 64 : 130 i 113 : 51 : 44 34
: EHEEREENNEE : H
EEEEENEREE - EEE
ENEEERNEENE & EENENEEDEE
EENEEEENEE A2 SEHEDEREERE
ERFOENEEARE TR o R
R e Eo N TREEETE
pEER . HENESHERNE BUANEOAERR :
NENENEAEEE - NENENEENEE  EVUNEEEEENE C B !
| ENEENENEEE : FREEEAERNE : BEUNEEEEEREN : EHACEEEEEN - EEEN
PP T EET T ANEENEDEEE : ENENERENEE X SDDSENEEDE : DNENEEEEEE @ SIUEEEENEE : ENEN
HNENNERERE GEEed ndEEE AEEEEEEANE : ERAPEEEERLE @ SERNERNEERE : OAEEREEEEER @ ESEESEEEESEE ¢ DEEEEEAmEE
HENENEHREE EEENNEEENRE =llllllﬂﬂh : IIIII!!I!I . ENSEEREEEE @ EESEEEEEEE . EIREREREEE : ENREREREES
namEa’ . o AEEEEE : : ERERER 0 : [ [ [ S : NEEENEEEEE ; BEEEEEEEDAS
1930s ‘405 S50s "60s ; Tos : "80s : B0s ! 2000z

: : : . None yet
b ' : on line '

CURRENT AVERAGE PRODUCTION PER FIELD thousands of barrels a day
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Source: P. Roberts, “Tapped Out,” National Geographic, pp.86-91, 2008. 6.
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Q200212 SHOIE MAH KOS MEIHRE (WOHE) O MK 20028 AFR YD 20309 E 0 S HEH LR
QU SO ARG IS (HOHE)

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 &)

JW'

TAE

Ref. : World Energy Outlook 2004, International Energy Agency.
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AMEF QFIRHOIA CO, 1S M

MAHIA =M= ZIIM2Z C0, SFHIE (Zero Emission) 2§IHEM J|SIHE, M

carbon |
Reduction | Zero.ll_EaTg;‘sE.:nons CCS ﬁ%ol'o:l lé‘/(\sl

90%

Capture ready concept

_.’ Framework/Market?
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;
+  Policy/Regulation? .-—"‘
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C+H,0> CO +H,
CO +H,0 > CO, + H,

=

I'-Iﬁ

= V\z} SHUANHE B2
M EH: 5-10% steam/feed (wt/wt)
=& &AL 1 30-50% steam/feed (wt/wit)
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WHIIA S S (Cold Gas Efficiency)e] A 9]

9|
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.



0l=3 Restructured FutureGen ZE2ME == GreenGen TZHE
(MAMEEX 300 MW + CCS ) (18 IGCC 200MW + CCS ]
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F ZeroGen EZHIE

o] | A E}
[AEHIGCC 100MW + CCS ) 21X 8 16cC 100 MW XHHITIE

| fa
HAE {55 Foetnecring CCS : Carbon Capture & Sequestration, IGCC : Integrated Gasification Combined Cycle)
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Gasifier structure — final height 90m p)
September 2005 g7 —
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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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¢l 2502 482 AMH |IGCC S E Reliability HE

Plant A (2HI®l Puertollano IGCC)

13%

5%

Plant B
(0l 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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90.0%

80.0%

IGCC design goal

70.0%

60.0% -

20.0% -

40.0% -

=$=hLiON Availability
-#-\Wabash Availability

=#=TECO Availability
Elcogas Availability

== Coo0l Water Avallability
=8=| GTI Syngas Availability

30.0%

20.0%

10.0% A

0.0%

1st

L) Ll L) Ll 1 1 I I I

2nd 3rd 4th 5th 6th 7th  8th Sth 10th 11th

year year year year year year year year year year year

- _ __ |
Ref.: Steve Jenkins, “Fundamentals of Gasification,” 2007 Gasification Technologies Workshop, D!\@@A

2007/3/14.



A9 &7

Plenflo GE
Shell | (Shelll f,?_'g;‘;? GSP | Emeray | CRIEP/MHI '[*E'I\‘(‘;fg'
gid) (Texaco)

Al TE 1A TEr 1A 2cr 24l | EM 1A e 1 2ct 24l 25 1A
ME 33 a4 a4 =4 a4 = a4 a4
JIASHI HALPAS LAY LAY LAY LAY MARHYIE T HALPAS

az Side Side Side Top Top Side Side

U 4 4 2+1 1 1 ? 4+4+2+2

wall Membrane | Refractory Refractory| Membrane | Membrane

\g
[ [EL= '
1

- 23)|= copy & =. -ZF:ShelD|==Q HA0A. -HO IAEE] M=



GE
Direct Quench Shell Siemens

IAE

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

IAE

Ref.: John Henley, “Coal Gasification in China,” 2007 GTC Congressional Roundtable Discussion, 2007/3/23.
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Ref.: John Henley, “Coal Gasification in China,” 2007 GTC Congressional Roundtable Discussion, 2007/3/23.
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22 ME |GCCSHE A9 2M e
Wabash Destec =434 22 bar
Tampa Taxaco S &E 24 bar
Buggenum Shell HdAAZE 27.2 bar
Puertollano Prenflo 24&l8& 23.1 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

TIAE

Ref.: Phil Amick, “Experience with Gasification of Low-Rank Coals,” 2007 Gasification Technologies Workshop,
Denver. USA. 2007/3/14.
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Fixed—-Bed (11 &3] Gasifier Concepts

Coal
Lockhopper

Distributor
Drive

Scrubbing
Cooler

o Gas Outlet

Water and Sludge

Water Jacket

Ash Lockhopper

‘——o Ash

M20000839

Figure 6. The Lurgi Pressurized Gasifier

Feed

Coal Lockhopper —\

Distributor Drive —,

Coal Distributor/Stirrer
Gas Quench \ Water Jacket
Refractory Lining
Product Gas Outlet <——| e
Pressure
Steam/Oxygen Feed ———a_p
Slag Tap
Slag Quench Chamber
oo _\ -+—— Circulating Quench Water

——= Circulating Quench Water

Slag Lockhopper
i

Figure 7. The BGL Gasifier
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HIOI2UHA A=9| Gl

Moisture 15.0%
Volatile matter 67.2%
Ash 0.04%

Fixed Carbon 17.8%

Moisture 5.4%
Volatile matter 74.0%
Ash 0.6%

Fixed Carbon 20.0%

C 50.6% C 50.4%
H 6.2% H 6.2%
N  0.04% N 0.27%
S 0.04% S 0.08%
O 42.5% O 43.0%
Ash 0.6%

Ash O.OS"/iAE



=W MSW 2E& B2} =0

Heating Value (kcal/kg) Cormposition (Wt%) No. of plant
Year . , , sites for data

Average | Maximum | Moisture | Combustibles | Ash collection
1997 1,496 2,001 54 35 1 10
1999 1,511 2,019 53 36 11 15
2001 1,578 2,981 50 40 10 27
2002 1945 |/ 3403\ | 47 43 10 29
2003 | 2243 [ 38%@ | 4 46 12 33
2004 | 2302 330 | 4 49 10 3R
2005 | 2541 3611 /| 38 52 10 33

N

/

O Mainly due to :
- Lower moisture, food wastes

- Higher content of vinyls, plastics, papers, woods/leaves,
textiles

[ Clear trend in moisture, combustibles

- MSW : Municipal Solid Waste (= Al 2 H J|2)

TAE
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Externally processed solid waste

-
Sewage sludge . @ |
L~ 5]

Used plastics !®
—
Contaminated wood Q
—

Municipal and

other waste 1
—

Tar and ®

Methanol

!
im

>
HT

Electricity

Ash, slag

Calcium sulfate

other sludge -L
—

Liguid/pasty waste

p.

Oxygen

(1) Sewage sludge briquetting
@ Compaction of plastics

3 Wood chopping
(4) Waste preparation

& Pelletisi ng plant
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(8) Entrained flow gasification

@ BGL gasification

Pressurized bed gasification (3 Boiler plant
@) Gas purification

Cleaned effluent

() Methanal production
@ Combined Cycle Gas Turbine

Sewage treatment

) Separation of oil/water
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Coal / Waste Gasification
for liquid fuels (methanol, gasoline)
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Coal + Biomass
Ultra Clean Diesel Blend
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JtA% - A M HAl =

Syngas
(CO+H,)

CO, H,S, COS
aI’tICU|a1'°C 2 2 2 nthetic Crudg

Natural Gas . '
ool | 035 jmd | 688 =) (O, H,, CO
ENDEES 73 on  Cleaning 2 2
Wastes l
—
C+0, == CO, Combined Cycle,
C + H,0 =+CO + H, MCFC, SOFC

CO, Sequestration @
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