CO2 NOXx, SOx
CO2

2004 11 11
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2004 20052 )

| 2008-2012 CO2 6% 1990
CCT

CO2 )

CO2 ) 2006-2008

IHI, CCUJ - Australia, Queensland, CS Energy, 30 MW
CO2 CO2-free CCT
2030-2050
CO2 2
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Coal-fired Power Plant with Active CO2 Recovery

—  CO;separation

Air-blow coal combustion

Air separation

Adsorption
Absorption

Gas separation membrane

Adsorption: chemical adsorption (MEA, etc.), physical adsorption

Absorption: PSA, TSA, PTSA

Gas separation membrane: polymer, liquid membrane, etc.

Cryogenic separation

Combined system:

(membrane + absorption, absorption + cryogenic separation, etc.)

— CO;recovery

Liquefaction recovery

Cryogenic separation -

0,/CO; coal combustion

Gas recovery

@ School of Engineering
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CO2 Recovery Plant by Chemical Absorption Method using MEA
Main operation parameters

1) CO2 Purity: More than 99.9 vol.%
(Dry base) Impurities are nitrogen
and oxygen.

2) CO2 Recovery Ratio: 90% at
normal operation, however more
than 97% CO2 recovery was
attained by increasing steam
consumption.

3) Steam Consumption: 1.5 ton L.P.
Steam / ton CO2 recovered.

4) Amine Loss: 0.35 kg/ton CO2
recoverd.

5) Degradation: Degradation of KS-1
solvent is very slow. The plant has

CO2 Recovery Plant in Malaysia been operated for more than 5,700
(Mitsubishi Heavy Industries, Ltd.) hours, without the need to
reprocess.

8
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,—[ Conventional pulverized coal combustion ]—\

13 %

\.

CO, concentration _
[ in ffue gas is about ]_,[Great energy consumptlorﬂ

to separate CO,

J

/[ O,/CO, pulverized coal combustion ]x

. - )
CO, concentration In

flue gas Is enriched _>[

Easy and efficient COZ]

up to 95 % separation, recovery
b g Practically realized by
Coal — ( N IHI Co., Ltd.
Alr _ o,—
O, productlon} -~ Furnace - —
Small amount of
< > | exhausted gas
(extremely low amount

\_

Recycled gas

of NO,, SO,)




- e

. Gas flow diagram in CO2 recycled coal combustion

. Expert ﬂn_si»?rl_t____wE
| I
S I h | /5
(Virtual-gah) 02\\~_ ! | >
@ > Combustion i N
(R2r) g 98
recycled-gas

Recycled-gas /

CRs = (NO in Recoverd gas) / (Fuel N)
| (N atom mass)
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Gas recirculation ratio (%)

0 50 100 Decrease of system conversion

04 | I ratio due to increase of CO2
concentration 3 : 6 %

Decrease of system conversion

ratio due to the reduction of
Recycled-NO in the furnace 7 8 . 1 %

Decrease of system conversion

ratio due to the interaction 1 8 .3 %
between Fuel-N and Recycled-NO

CRs

1/6

’

2=0.7 )
=02

(RSN N RN FE Tmax =1453 K

0 200 400 600 800 1000 Fuel-N = 1.22 wt% ( N atom mass )

NO concentration in . CO2/(CO2+Ar) = 0.48 (vol.)
recycled-gas (ppm) 1134 ppm

Separation of the three NO reduction effects on the decrease of CRs
from conventional air combustion to CO2 recycled combustion

11
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Summary of CR” values for O,/CO, coal combustion

A (oxygen-fuel

(_ xy-g _ _ 0.7 1.0 1.2
stoichiometric ratio)
NO concentration in
exhaust gas 1130 ppm 1710 ppm 1490 ppm
CR 0.05 0.12 0.13
Ratio of CR™ to that of

_ _ 17 % 25 % 26 %
alr combustion (1/6) 1/4 1/4

CR™ conversion ratio from fuel-N to exhausted NO

Ratio of CR" to CR in 0,/CO, coal combustion

L O &Ll - CR" in conventional coal combustion in air
combustion




—— A very economical method of SO,
V\C/Ihat Ilfs 'ﬁ f“t!‘”rffe ‘ removal through sorbent ( ,
| esulturization: | CaCO,) injection into the furnace

Desulfurization reaction:

SO
2 CaCO, —» CaO + CO,
Q: CaO + SO, + 1/20, - CaSO,
Coal 5 Q CaSO, decomposition:
Ca0 CaSO, — CaO + SO, + 1/20,
. B

The cause of decrease Iin desulfurization
efficiency at high temperature

CaSoO, |

13
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Local desulfurization efficiency 0.35 Removed-S (CaSO,):
1)

Gas recirculation ratio: 0.84 + 077 (mol/s)
4 )
Fuel-S (SO,) 0.16
SO, —T—
1.0 (molis) 2.2 (mol/s) >
1.43 (mol/s) | Exhausted-S:
g ) 0.23 (mol/s)

Recycled-S: 1.2 (mol/s)

System desulfurization efficiency: n =77 %

- Coal property (wt. %, dry) 7~ Calculation conditions
C:71.1 0:8.86 Oxygen-fuel ratio = 1.2, Temperature = 1400 K
?240203 N:1.76 one pass residence time = 8 5,Ca/S = 5, CaCO, (10 um)

T4
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System desulfurization efficiency,

Oxygen-fuel ratio = 1.2 natS=1wt%
One pass residence time =8 s
Ca/S=5 SiX times higher

100— caco, (10 upm)

N (%)

80 0O,/CO, S=2wt% | In-fu rnace
L \ | desulfurizatioin
60 . at high
"~ GJCO,, S = 1wt % temperature
40 | I
20- | Air: impossible
L Ar, S=1wt 5/5\\ | [ 1
] | | SN . |
0 1300 1400 1500 0,/CO,: can
Temperature (K) be realized

n inO0,/CO, == about four times higher
== high in a wide temperature range

‘ Effect of temperature on system desulfurization efficiency\
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Conventional combustion
: R O.,/CO
Mg wea | OO
CQO recovery rate - 90 90
Gross capacity 1000 MW 840 MW 1000 MW
Net capacity 946 MW 672 MW 720 MW
Gross efficiency 41.4 % 34.7 % 42.9 %
Net efficiency 39.1 % 27.8 % 30.9 %
O, production / CO, liquefaction - - 147 /108 MW
CO,adsorption / CO,liquefaction - 38/72 MW -
Other utilities 54 MW 58 MW 25 MW

*MEA: Monoethanolamine, a typical absorbent used
for CO, recovery in conventional coal combustion

Energy efficiency of O,/CO, pulverized coal combustion

(the largest energy loss: oxygen production) <— (electrolysis for hydrogen)
18
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500MW Class IGCC with CO2 Capture
2 r using Wet Gas Sulfur Removal iy
Base IGCC
Gross
Efficiency
BS - - - -l ..
48 Sl ]
X
>
8]
c
o Base IGCC
o “or Net T
= Efficiency
L B - oo L Impact of
- Sa - . €0, Compression
£ T
_
(0]
=
= 40 -
PN
LEGEND
1-Stage 2-Stages
CO Shift | CO Shift
36 | -
Gross Efficiency O @
Efficiency without
COz Compression ZAN A
Net Efficiency with
32 F COz Compression * * 41
// —
/|/ L | L L L I L I L /|/
0 10 20 30 40 50 60 70 80 90 100

% CO 2 Capture

CO, IGCC
CO, 70% 20
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CO2 Sequeatration (US strategy)
Technology Roadmap and Program Plan (March, 2003)

LoreR&D US’s Share of Fossil Fuel
Separation and Measurement 4 RGSEFVGS

Capture of CO;
.I Regional Sequestration L4 Coal 25 %
'- Partnerships .

e Natural Gas : 3%
(Russia : 30 %o)

ks Break-
through
Concapls

¢ Integration

P FutureGen — Integrated
Sequestration and
Hydrogen Research
Initiative

US’s Enerqy Consumption/head

» five times of world average

e The Vision 21 Program : The President Clinton, 1999

(gasification, CO2 separation-recovery-sequestration, production of hydrogen alcohol, etc.)
» Climate Change, Hydrogen Initiative : 1.2 B$/5years, The President Bush, Jan. 28, 2003
» FutureGen Project : 1.0 B$/10years, DOE, Feb. 27, 2003

(prototype coal plant combined with CO2 recovery-sequestration and hydrogen (275MW))
* International Carbon Sequestration Leadership Forum : signed, June 25, 2003

(14 countries : USA, China, Russia, Japan, India (main 5) and others)
21
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CO + H2 FutureGen Renewable Energy
gasmcatlon/, Xhljt reaction (Wind, PV ..)

(Future) v

Fossil Fuel \ steam reforming Electricit
'\ (Coal, il ..) /7 x| CO2 +H:
exergy enhancement \
e B N 0f Tow quality waste heat o H2 + 02 4—L H20
Combustion Combustion Energy System
with Exergy Regeneretion
(Fuel Cell ..\)

COz Recovery | | CO2 Separation
and Recovery

(MEA, KS-1.)

[ L

Cco,

COz2 Sequestration
(Ocean, Geological ..)

22
@ School of Engineering Tokyo Institute of Technology W



CO2

02 —
NEDO-CCUJ 1996 1999
C0O2/02 IGCC+CO2

CO2
NEDO-RITE 1:1997 2001 Il :2002
02 —

WE-NET
NEDO-IAE ENAA [:1993 1998 11:1999 2002

JHFC (Japan Hydrogen and Fuel Cell Development Project)
METI-JARI 2002

23
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Various IGCC Related Projects in Japan

 Entrained Flow Coal Gasification Pilot Plant (1985 -1995)
200 ton/day, Air-blown, at Nakoso

e Entrained Flow IGCC Plant (now under construction)
250 MW, Air-blown, Efficiency:43-44 %, at Nakoso

* Entrained Flow Gasification Pilot Plant (HYCOAL) (1988-1994)
50 ton/day, Hydrogen Production, Oxygen-blown

* IGFC Pilot Plant (EAGLE) (1995-2006)
150 ton/day, Oxygen-blown, at Wakamatsu

* ICFG Pilot Test (at Sodegaura)

IGCC: Integrated Coal Gasification Combined Cycle

IGFC: Integrated Coal Gasification Fuel Cell Combined Cycle
EAGLE: Coal Energy Application for Gas, Liquid & Electricity
ICFG: Internally Circulated Fluidized Bed Gasification

24
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1 GW Fossil fuel fired power plant

CO2
16,000 ton/da

years

5182 m
(50.92 MPa)

T=2746K

Undercurren
, (1.42

(u=3cm/s)

)

Dissolution of C®
., into undercurrent

-

Liquid COypool
(surface covered with clathrat

CO2 Sequestration on the Seabed of Deep Ocean
(Lake Type)
26
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Ocean Sequestration of CO2

M oving Shiph T F i e

1. iR DR 4. B ORFET IR
2. Feth A Z DR 5. EZ AL D RGNDRFE
3. Wi AL A E R

CO2 Ocean Seguestration using Moving Ships

1000-2500m |
’I

SEA-COSMIC : Study of Environmental Assessment for CO2 Ocean
Sequestration for Mitigation of Climate Change R”—@

@ School of Engineering Tokyo Institute of Technology W
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Gigatons of Carbon
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3,200
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1000
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Hurnan &M F - oncepts
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(G AT
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Huge Capacity of Ocean
for CO2 Sequestration
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The Essential Meaning of
Ocean Sequestration of CO2
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Electncity .
L i=

Transportation

B

N
-ﬂ
Enhanced Onl Recovery Geological Sequestration
C.L.Miller 12 (2003) )
CCUJ ]
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Geological Sequestration of CO2

Capture |::} Tranzportation |::} Injection

T
. | Large-Seale CO,
i BEmission Source
y  Fipeline i Tanker Shipping £ ks
: Tranzportation e & . ) .:.-
AT sl LAEA 4 i|

Onshore Aquifer Pipeline
B Rk Transpartation
- ¥ i Offshore Aquifer

RIT&

@ School of Engineering Tokyo Institute of Technology W

30



, 100om. =
' ’ RITE (Kyoto)

CO:z2 Injection Experiment in Niigata Prefecture R|[& "
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Project Integration and World Collaboration

Council for Science & Technology Policy,
Cabinet Office

Coal Utilization with CO2 Recovery CCUJ
0O2/CO2 Coal Combustion
COz2 Capture from IGCC
HyPr-RING for Hydrogen Production

CO2 Sequestration RITE *

Ocean Sequestration
Geological Sequestration

Hydrogen Energy System ENAA, IAE Weonsistent strat
consistent strategy
FC-Vehicles and H2 Stations JARI-JHFC
Distributed Co-generation System (307,250 M$for FY2003) |INTEGRATION
(1.2 B$/5years, 290 lyear) *

US (Hydrogen Initiative, FutureGen), Europe, etc. E> cO

. . LLABORATION
and developing countries

to iImprove our global environment for future generations
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