—2<,3v 7 2007
20074 2H 15H
HWEABRZZYHRTI T

e SEM 600 nm

RITE)
Research Institute of Innovative Technology for the Earth




2. CCS

3. RITE

co,

Co,

Technabogy for the Earth



DNE 21

Energy Saving

] Fuel Switching

J Biomass

J Solar cell

1 Wind Power
Hydro & Geoth.

B Nuclear Power

4. CCS CO,

B Ocean Seq.
] Aquifer Seq.
B Gas Well Seq.
B EOR

5. CO,

I Reforestation




2100 CO, 550ppm Rlle

o1

"] Energy Saving
[ Fuel Switching
M Biomass

M Solar Cell

1 Wind Power

] Hydro & Geoth.
B Nuclear Power
M Ocean Seq.

1 Aquifer Seq.

M Gas Well Seq.
M EOR

M Reforestation
B Net CO2 Emission

GtClyr
NI,
O

=
a1

=
o

ol

Carbon emissions and reductions

N ©

000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
Year RITE Report NEDO-GET-9623 (1997)

4



0 0.2 0.4 0.6 0.8 1
ton-CO, /MWh 5



X 1000 JPY/ton-fuel

45
40
35
30
25
20
15
10

P
l
L I

1990 1995 2000 2001 2002 2003 2004 2005
Year Ref:

(% / MJ) in Japan
- =300 :300: 100 : 500



Research Institute of Innovative

co, Rl e

Technology lor the Earth
A

Post-Combustion Capture

CO,,H,0,N,,0,
PC > > > —| CO, >
v
Co,
Oxy-Fuel
CO,,H,0,0
- 271222 R R R l H,0
—>
‘ Co,
Pre-Combustion De Carbonization
CO,CO,,H,,H,0 H,0 CO,,H, H, v
' + > » COZ F————>
v
T g < -« CoO,
W r-----TT

__________



100 -

(US$ / MWh)

a3
=

40 -

20 4

co,

Co,

allfEs

Rescarch Institule of Innovative
Technology for the Earth

IGCC

||
[ ] NGCC)

\.‘\&B

— /
o
co,
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
CO, (ton-CO2 / MWh)

Ref: IPCC Special Report (2005) 8



Co, Rll&
coz2mRa Xk =/ SN I 15
US$/ton-CO, avoided |M/F> ™
: 29 51 41 4,900
+HEFEWRUE
: 45 73 59 7,000
+HbERUE
XHKH 2/ (R
' ] 37 74 53 6,400
+HE R IUE
BiRAR AV NNAUFR
TR sk 13 37 28 3,300
30 B SR R ST 14 72 40 4,800
HE: IPCC Special Report (2005)

*
1US$=120



CO;, e
CcO
[GJ/ton-CO,)] ?
TSA 3.1 PC
PTSA 6.5 PC
TSA 4.2 PC
(MEA) 4.0 PC
(KS ) 2.9 NG Boiler
1.7 IGCC
2.5 Oxy-fuel (
0.7 IGCC

10



[ GJ /ton-CO, |

3.00

2.50

2.00

1.50

1.00

0.50

0.00

Theoretical
—— 298 K
=573 K
@®
“~ 873 K
S
%\* B
\0~ S ——
4 —— m}
0.2 0.4 0.6 0.8 1
CO,

11



Oxyfuel Rl
Oxyfuel

a. A 2.1 GJ/ton-CO,,

b. CO, A 0.3

C. 0.1

d. 2.5

v =/

X

12



co,

Research Institute of Innovative

Technabogy for the Earth

Co,

+SOFC

13



RITE

v

CO,/N,

co,

CO,/H,

Research Institule of Inndvative
Technobogy for the Earth

14



COCS (Cost Saving CO, Capture System ) R|T§§

Research Institule of Inndvative
hhhhhhhhhhhhhh

— O B co.B
co,
— wev| | el 99
— \{/D‘
Co, 22 —=p bt
(CO, H ,etc.) N \Ti
H v v
- 3
Hgn
2.5 GJ/t-CO,
1.8 GIt-CO, | g




COCS

Research Institute of Innovative

Technabogy for the Earth

;
--------- g )

C b

------ C ;
---------- C )

16



R1, R2, R3, R4

Co,

: OH

R1

2O\

RS

R6

A V4

R3 R4

VA NIANV SN

OH

Co,

HCO,-

17




H esearch Instibule of Innow
TT abogy for the Eart

| I

( RITE-3A )
6J/t-C02 4.0

I \ /
5 3.0 Y =t
~

st 2.9 \(2.7 2.8

] 2.5

. 2.0
ST H B § -

if . %ﬁ

| co,

% 1 %% 1 | '{7 //- W//AI L 11 I
VEA TRTESA T ks ITC’ RS Gk
RITE-4B MEA-MDEA

aive
h

18



| atcoyd) RIS

- 150mm 3,600mm 1,000mm>=<
- 200mm 3,720mm

1,000mm>=<
- BFG 100Nm3/h

S i ;
. J.ﬂ :
= B
L] P 4

B A/
_..-.:‘-‘__ F L

N Y 1'-1“.-'-.".

/N

——

_ __'
e — LN
ESEEEE el

i
LY ltﬁ

|"l|I

i T A

/s :".’:5"!“

i\

D
B
[

L]
5 ,‘l

nl

g
it

. --'.__r

19



ALK
R
—
|
|
m——————-
I H,, CO,H,0O
|
(i
1 | o
1 | o
1 | 8 '--1
Lyl <
N’
H.S, CO,

H,, CO,

> 020 K

20



Pd

allfEs

Research Institule of Inndvative
Technobogy for the Earth

21



5 AR
SIT (
AR
—

Water-Gas

H,S, CO, shift Reactor CO,

22



allfEs

Research Institule of Inndvative
Technalogy for the Earth

CO,:40% QCO2 :1x107 *
IGCC 4 MPa (m3 m2s?tPal)

Ho, 2O (COLH, 500

(KS )
2010 ( ) |
2013 ( ) H
0 2,000 4000 6,000
1,600 ~4,400 JPY (13 ~ 37$)/t-CO, IPY /1-CO,

* 15 5

: 50,000 JPY/Mm2=420 %/ m?

23



Research Institule of Inndvative

Technabogy for the Earth

COo N> H> etc.
0.33nm 0.36, 0.29 nm 4 I

24



allfEs

Research Institule of Inndvative
Technobogy for the Earth

> CO2/N2 separation:
N‘{_l NH. NH. A. S. Kowvali, H. Chen, and K. K. Sirkar
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