(

)

co,




co,

RITE CO,

RITE CO,

Rll&

Research Institute of Innovative
Technology for the Earih



co, Rll&

Technology for the Earih

+CO0,
Co, l :
‘_ _____

()
PSA,PTSA Co,
ot g O F
1T (A+C0,) 'ﬁD = C0,
(A+CO,)
(b) (©)



1bar

. 0.75bar

‘0

@
\

0.25bar

o
e © ..kg‘—%bar

Rll&

Research Institute of Innovative
Technology for the Earih




co, Rll&

Research Institute of Innovative
Technology for the Earih

e N, 0.75bar lbar  CO, 0.25bar 1bar

W, RT 1 n, Xlog 1 n, /1
+ N, ><log(ney,/1) / (N, ><44/1000)

Ncoo CO,
R 8.314J) K1 mol?
T K



1,000,000

600,000

400,000

200,000

co,

Rll&

Research Institute of Innovative
Technology for the Earih

0.1

0.2

0.3

0.4
Co,

0.5

0.6

0.7

0.8

0.9 1



[ GJ / ton-CO, ]

3.00

2.50

2.00

1.50

1.00

0.50

0.00

Rll&

COZ o e e
-
\\

—=298 K

1 =573 K

~_ 873 K

@
\L\-_\'* —e—

R —— = — - —veaun
0 0.2 0.4 0.6 0.8 1



F
=
h—

I { I I‘ k%
R: Instituie of Innovative
Technology for the Earih

co,




co, RIT&

F " of i
Technology for the Earih

\d
H
Kﬂ'

- BRE — RE <
IEECO S REELR < L FUE=T

PR =R

\

 RERE
R <L
L R i

|
E \

L = £ CO, 7 A B4R

% 7 i

g2k !




co,

e

Technology for the Earih

10



RlT&

COZ e
ton/day ton/day
RITE ( 1 DOW/ALSTOM -
AlalNEESe 10 CASTOR->CESAR (EU) 25
10 ENEL( 0.5
* 12 BASF/LINDE

CSIRO 36 25 ALSTOM EU 36
CO2CRC 27 POWERSPAN 20
B&W - CSIRO 3)
ITC ( 4 Vattenfall( 36
Cansolve( - TOTAL 36
Flour - ENEL( 5

11



Rll&

Research Institute of Innovative

H, CO

Co, |22-23%

H,S ppm

CO |50-
ppm

02

CO,<2% R —— CO,
I o
| :
- 0.1 MPa - 15 MPa

12



COCS 2005 2009 RIS

itute of i
Technology for the Earih

4025
GJ/t-C0O2
¥ o
(D
6,000 - 3,000
¥/t-CO,
A
1500 /t

13




co,

1.0

0.0

=
=

Institute of ative
Technology for the Earih

MEA30%(est.)

4.0

T ~o Target

14



co, RlTe&

Research Institute of Innovative
Technology for the Earih

Co, o (H)

30% O ()

O (N)

MEA Co, 2 o o)

co,
2HOCH,CH,NH, + CO, <«  HOCH,CH,NH,H* + HOCH,CH,NHCOO"

058 cqy — o
G

Co,
HOCH,CH,NH, + CO, + H,0 < HOCH,CH,NH,H® + HCO,

gty o 2= Aply 3




(1). (A) CO,
(ca) CO,+ 2A A-COO- + -H*
(8c) CO,+H,O+A HCO; + A-H*
(2).

1,2

2,3

16



[9_coo/L/min]

Co,

RITE

Rll&

Research Institute of Innovative
Technology for the Earih

(p B H H HNE

RITE

70 80

[kd/mol-CO,]

90



20%c0;
co,
1too,/d

4.2m x 0.26m¢

2.1m x 0.2m¢

Rll&

Research Instibute of Innovative
Technology for the Earih

MNIPPOMN STEEL
ENGINEERING

‘. -_ '._I II
/™ it :':- = 0

-
Vi

il A
—
=l

iﬁ-

a\

|.".*’.I:r

&

?

-

e

T

[
ke
-

EoN
iV

gt 1)

vl
LLLA
IJ"F



P
==

« 3,000 t-CO2/day 2.5 GJIt-CO,
4.5 m 3,000 t-CO2/day|
b 4 mEER T —4&
1 tUday ST
3.5 mESEIER
. 3,000 t/day - B E
* 2.5 S
2
1.5
1
0.5
0 ) | J
Y |
MEA RITE-5 RITE-6

19



co RIT&
e
[ —
z .
MEA./ 7% 5.2,500M /t
RITE-6.” & 52,500 /t
RITE-6.” %% K.1,500 /
| | |
1000 2000 3000 4000 5000 6000 7000
[ ¥/t-CO, ]
MEA  ¥100/kg- ¥10/kWh
RITE-6 ¥500/kg- 12%

20



IEA

CCS

Figure 6: Global deployment of CCS 2010-50 by region
(MtCO, captured/year)

12 000

10 000

g

Captured CO, (Mt CO /yr)
A o
o o
S 3
T T

2000 |-

OECD Pacific
B United States

Other OECD
MNorth America

B OECD Europe

[ Other Developing Asia & Africa

Middle East

2015

18 projects

OECD (72%)
Non-OECD (28%)

[N

. 2050
India 3,400 projects
¥ Eastern European Union OECD (35%)
and Former Soviet Union 2040 Non-OECD (65%)
M Central and South America 2,100 projects
- OECD (40%)
B China Non-OECD (60%)

2030
850 projects
OECD (49%)
2020 Non-OECD (51%)
100 projects
OECD (50%)
Non-OECD (50%)

4]
2010

2015

2020 2025 2030 2035 2040 2045 2050

Note: The dashed line indicates separation of OECD/non-QECD groupings.

2020

CCS
22GW,

1.3
co,/

il o

Coal
(29 GW)

CCS capacity 2020 (22 GW Installed) 2020

Gas Biomass (synfuels + H2)

(3 GW) CCS
1.68 t-

Cco,/ >

3%

Gas processing
41%

F

A
g

-4
=

Institute of

ative

Technology for the Earih

2010 2050
CCS

Gas (synfuels + H2) —h

Captured in 2020 (168 Mt CO2/yr)

Cement
6%

=~ Chemicals
11%

18%

Iron and steel

21



Rll&

Research Institute of Innovative
Technology for the Earih

) > >

1 /ys—t-crzz/day

G8:2010 20 /

CCS /

\/ ;,&ﬂmqmw:@o /
\l - j—
10 25t.CO, day ~°20 S00t&0./day=10 — /

2010 2020

22



RlT&

Research Institute of Innovative
Technology for the Earih

/MHI KS-1
-2011 500t-CO,/d
CESAR BASF/LINDE
Alstom
— European CO, technology test Center Mongstad
2011 CC 110 t/d
RCC 360t/d
TOTAL 30MW Vattenfall
30MW , IHI,JCAOL

2011 30MW

23



2.5 GJ/t-CO, RIl&>

mhgyhﬂileEa

RITE 1ton/day 3.1GJ/t-CO, (3000 t-CO, 2.5
GJ/t-CO,
5 o : MEA30%
o I (COCS) + :RITE-5B
s 4 L s (CASTOR) X X : RITE-5C
O, ! +  (MH) G X X : RITE-6B
% <
3 —_— - A :CASTOR2
———————————— - - - ¢ :KS-1
2 % ® :Cansolv
a ®  : Fluor
1
0 | Ll | Ll | L1111l | Ll | L1111l
0.1 1 10 100 1000 10000
[t/d]

(Data from COCS project and from IEA 11 CO, Capture Network) 24



RITE RIT&

Research Institute of Innovative
Technology for the Earih

RITE CSIRO

RITE

25



RITE RIT&

Research Institute of Innovative
Technology for the Earih

COCS ;
- RITE-5 RITE-6
RITE -
COURSES0

COURSES0

26



co,

e

Technology for the Earih

27



co, RIT&

Research Inslitute of iInnovative

Technology for the Earih

Rectisol Linde
Selexol UOP)

25

A NERANERN

5,000 t/d

v IGCC) http://www.uop.co
CO,

P 28



o DOE FutureGen
RWE Hydrogen Energy, ZeroGen
GreenGen

IGCC with Hydrogen Turbine and Full Integrated
Carbon Capture & Sequestration

. MW 2000
S

FutureGen

29



IGCC

o |GCC

¢ IGCC CCS
co,

o |GCC

co,

+CCS

Rll&

Research Institute of Innovative
Technology for the Earih

MDEA,SELEXSOL,RECTISOL

CCS

30



IGCC

= ECO, 5 B MY

R 75 &l

[4' v I 7.

|
2S5 AL—F

- Zoin

Rll&

Research Institute of Innovative
Technology for the Earih

:{ BRE
AR <
\ | ﬁFE\

31



V V V

Rll&

Research Institute of Innovative
Technology for the Earih

32



O-OH-PAMAM

HZN/\/\N-K\\ JN/\(\NHZ

H OH
HO HN‘\(Q WNH OH
HN- O N NH,

4-OH-PAMAM
RITE -

CO,/H,

800

600

400

200

RlT&

Research Institute of Innovative
Technology for the Earih

CO,/H,

33



CO»

Rll&

Research Institute of Innovative
Technology for the Earih

COy CO,/N>
m3m-2s-1pPal
1.5 x 1010 150

34



PEG RlT&

Instibute of ative

_OH. - 1010 ¢ — 1000
o O-OH-PAMAM dendrimer E ; — ol o | .
+ n 7 Ng
NE 10712 s
/H/OWO(H/ PEGDMA E - 1 100
o |
+ ™ 12 I ]
4 )1\’( N B |
i i o ? 0
ﬁ‘)ko o. o TMPTMA _13E ] 10 Ng
/\i 10 7 ¢ <_l ] I
N J i H» | —~
—_— |\ ol
0

1 2 3 4 5 6 7
CO, Pcoz, atm

Qcozr Quo Ao CO,

PAMAM/PEGDMA/TMPTMA = 50/37.5/12.5,
Feed : 100 mL/min,Sweep : 20 ml/min,
RITE T=313K, R.H. = 80%

35



n*(STP)/(m“sPa)]

PVA RlIT&

Research Institute of Innovative
Technoloay for the Earih

10-10 50
o >
10-11 - Qcoz 1 40
1 30
10-12 B zN
120 ©
13 o o0 ~
103 | g O
G 1 10
Q2
1014 0
20 30 40 50 60 70
[ ]
CO, : 0.6MPa
0.41 mm PAMAM 60 wt%; 80 %RH

36



CO, CO./H, Rll&

Technology for the Earih
50
PVA
0
H
&
2
AN
T
\N
@)
U '
PAMAM/PEGDMA/TMPTMA * i - 3 |
(50/37.5/12.5) 0p ~Science <« (1) i
1:  120C 40C i s g 35 | 1
2:  90C 40C ‘
3:  100C 40C
4: 25C ol
: 4 —_—
¢ e 10" 10" 10" 10" 10 107
7: 55C
8: 55C 500
9 55C 390 CO, / m3(STP)/(m2 s Pa)
10: 55C 270
11:PVA-Ti-60C (1) H. Lin B.Freeman et al., Science, 311, 639-642 (2006).

37



A 000

Rll&

Research Institute of Innovative
Technology for the Earih

[BA° R
“ B ARA —H—

Bh° R

: \ﬂ"i‘ ){ﬁi@ﬁ'xx«"—ﬂ—
£h2E DT -ME

RAEIRIE—

BHR - —— JEFEB/AR

ENEEH THET—



¢ IGCC
¢ CO,/

e CO,

e CO,

40

H2
co,

co,

95

95

30

99

co,

Rll&

Research Institute of Innovative
Technology for the Earih

co,

39



co, RlITe

Research Institute of Innovative
Technology for the Earih

LCA
/ \
— -

RITE

40



vV V V

Rll&

Research Institute of Innovative
Technology for the Earih

41



co, RIT&

Research Instibute of Innovative
Technology for the Earih

][]
2.5-4 MPa ;\
CO, 40% ] —— g
H, 50%

CO, CO,

CH, ... lj
S A

i X

Eagle

P 42



CCS co, RlTe

T e

CO, 0.1 0.3 MPa

4 —)D —> 12 I\/IPa\

CO, 3 MPa

B

co,

1/5

43



2 s

RlT&

Research Institute of Innovative
Technology for the Earih

[GJ/t-CO,]
SELEXOL 2.0 1.0 [(100 kwh) 3.0
IGCC
MDEA 3.0" 0.2(20 kWh) 3.2
(2.5 - 4 MPa)
CO, 40% | MDEA-flash 1.0" 1.0 (100 kwh) 2.0
1.5 0.2(20 kWh) 1.7
“Dow Chemical
0.2(4.0) - 7.2 [MPa]
2,150 [kecal/kwh] 0.4

P 44



N2

Rll&

Research Institute of Innovative
Technology for the Earih

CO, 1.6 MPa 40 - 120

[g/L]

45



RlT&

Research Institute of Innovative
Technology for the Earih

[g Lh1] [g/L] [kJ/mol]
MDEA 144 72 59
X 105 67 47
Y 263 46 64
Z 204 123 60
MDEA

46



RITE

RlT&

Research Institute of Innovative

Technology for the Earih

OEfETw) L F—
3 Oz adcsh
WA EE
25 m Fz a0
2
&
¢
5 is .
N =
1
05
0
MDEA RITE-H1 RITE-H2
MDEA CO,

47



co, Rll&

Research Institute of Innovative
Technology for the Earih

RITE

48



co, RlIe

IGCC ) >

i‘\( 2007 CCP
IGCC
2017
* IGCC
[co, > >

100 500 t-CO,/day = /
/

. 10
10 25 t-CO,/day
—

2010 2020

—

49



vV V V V

co,

IGCC

co,

Rll&

Research Institute of Innovative
Technology for the Earih

50



RlT&

Research Institute of Innovative
Technology for the Earih

. co, 2015

t-CO,/day(100 /

. co,

e RITE co,

51



	経済的なCO2分離回収技術の進歩と実用化に向けて
	目　次
	CO2分離技術の３つの方法
	理想的な分離仕事
	CO2を分離するための理想的な仕事量
	CO2分離の理論エネルギー
	実際のCO2分離エネルギー
	常圧ガスと高圧ガスのCO2分圧差
	CO2分離技術の分類
	低圧ガスからのCO2分離技術
	低圧ガスからのCO2分離
	製鉄所高炉ガスの化学吸収法
	COCSﾌﾟﾛｼﾞｪｸﾄ　（2005～2009）
	吸収液の開発目標
	ｱﾐﾝ価数と反応形態、吸収性能比較
	RITE吸収液の特性
	製鉄所高炉ガス回収のCO2回収コスト
	IEAブルーマップのCCSの予想
	常圧の吸収液開発、今後の展開
	常圧の化学吸収液の動向
	RITE吸収液の実用化への道筋
	RITE化学吸収液まとめ
	高圧ガスからのCO2分離技術
	プラントイメージ
	IGCCのデスバレー（開発の死の谷）
	IGCCに適用する新技術
	膜分離技術の開発状況
	モジュール化でのCO2純度の向上
	高CO2分圧のｶﾞｽからの膜分離
	高圧吸収液による技術の開発状況
	CCSに適したCO2回収
	高圧ガスからのCO2分離回収・圧縮エネルギー削減
	高圧吸収液のスクリーニング
	実験結果の一例
	高圧用のRITE吸収液のエネルギー推定
	高CO2分圧のｶﾞｽからの吸収法分離
	高圧ガスからのCO2回収
	高圧ガスからのCO2分離
	まとめ

