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Schematic &';fagram of possible CCS systems
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Ref. : Intergovernmental Panel on Climate Change (IPCC) website, http://www.ipcc.ch/present/present.htm.



C0, XM&J|= Options

A
N2
02
P Amine
(1) Flue Gas . co
. Absorption 2
scrubbing i
> Power & Heat
Air —P
(2) Pre-combustion
Decarbonization
" ) }‘ - CO, Compression
Gasifier . Power & Heat & Dehydration - Storage
Air —P :
- CO, as Chemical - Chemicals, etc
P Power & Heat P Feedstock
Co,
o, T
NZ

Air —® Air Separation Unit

NG, Coal,
Biomass, (3) Oxy-fuel
Wastes




Pre—combustion Carbon Capture®@l Ji&d

FHO{F}A
“E?E_t_ s (12 CO,
H}O| RO~ H,
H7 |2

C+ % 0,= CO CO +H,0 =CO, + H,

C+0, = CO,

C +H,0=>CO +H,

A 22 225H0] CO,o Hol2RS 0|2 22

O AIZEE A0 80Ul AIZ0 Zets E
— Ol

QJIASH 22483 & BtS2 Soll CO% =4 (Syngas)& 9= 11 Water-Gas-Shift

HISES Soll A2 sEE =011 ST =22 NAHAIA A= EL




A A AE 8 COo, &S 2030 DA SMEAIE XD =2
=2J)} Y = X& CHR M) B CO, 82| Hlw
. 1 000
I:H“ L
i 900 -
Gas 80O 4
Qil - 700 4
2 4004
3 5004
Cod §
oa 8 400 -
Gas 2030 300
o 200
100 4
0 2000 4000 6000 8000 10000 12000 0

Comvenfional  Supercrfical Litra Presurised  Infegrated  Combined
coal supercribical fuidised bed guslﬁtuhuﬂ C':Elir gas
M of CO, combastion  combined cycle  urbine

B OECD  ® Developing countries 1 Transition economies

Qe e AIEA|l CO, 2ME ol Z20lAl RolH, H#IIHOZ AE AIE
TSIAAIS ALS|® HE O AS

O dEo A= MAEEHEI|[=0| (HOt0IH, MEst 8HItAIN B2 JtsottdH
HOIJIA 28R Q| CHOMY

— g =

i1

Ref. : World Energy Outlook 2004, International Energy Agency.



O|=9] MEIAIZ Vision (FutureGen ZZ M E)

Oxygen Gasification Gas Cleaning
Separation

els and Chemicals

Transportation
(fuel cell vehicles)

Power
g Process
1 Heat/
Steam
Cell High Efficiency
. Turbine
CO, Sequestration
By-Products -r*‘ Coal
Utilization Seams
Enhanced Saline
Qil Recovery Reservoir

O AE JIASHE Set &)|, =4, S8R 4 L CO,HH SA =+
(HES HIIA =ZF2Z HEHOHH AL + O ASHEFA T H)

0 1082t 109 = Ol & 20158 JEXl 275 MW & DJ| M A S poly-generation &5 SHE H4,
2020E Al &22 Jl= Y WS, &=2/2 % 20069 =XHgd&= It




2 =9] Pre-combustion CO, MZ J|=F8 U

2005 2010 2015 2020 2025 2030

2004+—Improvement of heat efficiency—f __-Assimilation with Realization of zero-emission
! ! ! separation/sequestration
= | . = afmf i
- | | | s f~ /
/E\\Air-blﬂwing T | : E‘?}re/mm - “E.r T.Emmﬂ
& [gasification=== o AB~4% itfﬁ%ﬂm nd/ v /| -Zero-emission
W ! ! efficiency) / _J\
w 1 1 3 J
= ! ! Commercial faclity|cnmmercial facilfty
Eo-iygen-b!owi O T L OIL I, - 1 ey
D - - _._.-" T
S |gasification| ' SRR
T
2]
-
© Next-generatip; =g~ o T T R,
\@/gasiﬁ{:atign ' ; AT Sy A Al emonstmtmnte,st ’
: mansiration test of the
~-t | new separation and >4
“Yrecotery technology . /
ﬁ Deployment of fully-fledged storage

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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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)

Ref.: T. Takekawa, “Zero Emission Technology Development & Deployment in Japan,” ZETS 2" Planning Workshop, 2002.3.




JIARE St HHHA Syngas =&
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
3yngas
Composition

H, 24.8 27.0 35.4 34.4 145 12.7 619 22 28

co 395 39.6 45.0 35.1 235 153 26.2 45 32

CH, 15 0.1 0. 0.3 1.3 3.4 6.9 0 2

CO; 9.3 12.6 171 30.0 0.6 1.1 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 - 9.7 115 - - -
Oxidant 0, 0, 0, 0, Air Air 0, 0, 0,

=—CcC = ol

0 Syngas A AI9|1H, CO > CO, 0l &l CO,

o 1- 1T

OFXID, H, 222 CO, SEE X2 &

{ e Y



HOJIA HENDLE S0 £4 MA 2 00, HiH BHPNE

Air
—] ASU
Power
Natural Gas 0, Steam 32 MW
59.9 MMscfd
@ CO,
31433 TPD
=% GO,
Partial 20.5 psia
Oxidation 20 psia
Reactor @ 112°F

HE
418 TPD
=I5% H,
146 psia
0 CO, &S S 90% Ol 4, &A= E 99.5% 0|4

Ref.: Longanbach, J.R. et al., "Hydrogen Production Facilities Plant Performance and Cost Comparisons," US DOE Final Report,
2002
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Ref.: Longanbach, J.R. et al., "Hydrogen Production Facilities Plant Performance and Cost Comparisons," US DOE Final Report,
2002. 3.
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Process Flow : A Multistage Nutrient Release Sequestration Soil Amendment
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Ref. : D. Day, “Renewable H2 Production with High Volume Atmospheric CO2 Reduction through Carbon
Utilization,” Renewable Hydrogen Forum, 2003.4.
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Ref.: IPCC Special Report on Carbon Capture and Storage, p. 137, Cambridge University Press, 2005.
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Ref.: IPCC Special Report on Carbon Capture and Storage, p. 119, Cambridge University Press, 2005.



M 2EMANAMS CO, Capture HIE

NGCC PC IGCC
CO, reduction per kWh | 83-88% | 81-88% | 81-91%
with capture
Increase in COE with 1.2-24 | 1.8-34 | 09-2.2
capture (US¢/kWh)
Increase in COE with | 37-69% | 42-66% | 20-55%
capture
Cost of CO, net 37-74 | 29-51 | 13-37
captured (US$/tCO,) L

NGCC : Natural Gas Combined Cycle
PC : Pulverized Coal Combustion

IGCC : Integrated Gasification Combined Cycle

Ref.: H. Herzog, “CO, Capture & Storage (CCS): Costs & Economic Potential," Joint SBSTA/IPCC side event, 2005.11.




M3 EMAMHIMSE CO, Capture HIE (Details)

Performance and cost measures New NGCC plant New PC plant New IGCC plant
Range Rep. Range Rep. Range Rep.
Low High value | Low High value Low High | value
Emission rate without capture (kgCO,/kWh) | 0.344 - 0.379 0.367 | 0.736 - 0.811 0.762 0.682 - 0846 | 0.773
Emission rate with capture (kgCO,/kWh) 0.040 - 0.066 0.052 | 0.092 - 0.145] 0.112 0.065 - 0.152 | 0.108
Percentage CO, reduction per kWh (%) 83 - 88 86 8l - 88 85 §1 - 91 36
Plant efficiency with capture, LHV basis (% ) 47 - 50 48 30 - 35 33 31 - 40 35
Capture energy requirement (% increase mput/ 11 - 22 16 24 - 40 31 14 - 25 19
kWh)
Total capital requirement without capture 515 - 724 568 1161 - 1486 1286 1169 - 1565 1326
(US$/LW)
Total capital requirement with capture 909 - 1261 998 1894 - 2578 2096 1414 - 2270 1825
(US$/LW)
Percent inerease in capital cost with capture 64 - 100 76 4 - 74 63 19 - 66 37
(%)
COE without capture (US$/kWh) 0.031 - 0.050 0.037 | 0.043 - 0.052| 0046 | 0041 - 0.061 | 0.047
COE with capture only (US$/kWh) 0.043 - 0.072 0.054 | 0.062 - 0.086 | 0.073 0.054 - 0.079 | 0.062
Increase in COE with capture (US$/kWh) 0.012 - 0.024 0.017 | 0.018 - 0.034 | 0.027 0.009 - 0.022 | 0016
Percent increase in COE with capture (%) 37 - 69 46 42 - 66 57 20 - 55 33
Cost of net CO, captured (US$/CO,) 37 - 74 53 29 - 51 41 13 - 37 23
Capture cost confidence level (see Table 3.6) moderate moderate moderate




MEHIGCC 2XA0M CO, Capture0il ISt Energy/Cost Penalty

IGCC Minimizes Energy Penalty of CO, Capture IGCC Minimizes Capital Cost Penalty of CO, Capture
PParasitic Power Loss for COz: Capture Effect of CO; Capture on Total Plant Cost
g‘ A 2 2000 DT ost imcrease with CO2
= Remowil
= 354 z 1800-Tlave co: Remoral
- 21 7 1600 —
= 20 3 1400 e
3 S 1m0
s 15 £ 1000
& |
- = 80
w i = 90 %
e 5 2 600
: g g 400
s £ 200
i
IGCC NGCC PC 0
NGCC IGCC PC

Basis: Plants operating at 3% capacity factor, 20 vear life and 2000 .

NGCC : Natural Gas Combined Cycle
PC : Pulverized Coal Combustion
IGCC : Integrated Gasification Combined Cycle

Ref.: “Major Environmental Aspects of Gasification-Based Power Generation Technologies,” DOE Report, 2002/12.
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