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IPCC AR5
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Observed globally averaged combined land and ocean surface  
temperature anomaly 1850-2012 (IPCC AR5 WG1 SPM, 2014)
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2DS  CCS

5 
* 2DS: 2 degree Celsius scenario IEA Technology Roadmap CCS 2013

10
0

C
O

2/
COP21	 	(2015)	
ü  2DS:	21 2 	
IEA	Technology	Roadmap,	CCS	in	the	power	and	industrial	sectors	in	the	2DS	(2013)	

ü  2DS 2050 CO2 CCS 17% 14% 	

ü  2015 -2030 130 CO2	 	

ü  OECD 70% CCS
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Figure 1. Mayumi et al., 2012
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4H2 + CO2  CH4 + 2H2O
CH3COO- + H+ + 2H2O  4H2 + 2CO2 

CH3COO- + H+  CH4 + CO2

CCS – – 

 , :  (2008) 

 2016.12.9 

CCS  
-  ‘Bio-CCS’ -

10 

: 1000 – 1300m 
: 5Mpa 
: 55

CO2 

CO2  

CO2  
CO2 lq 

CO2 1 – 105 ton /

 CO2  CO2

10

90

CO2 100

* 0.36 ± 0.04 m mol/day/litter 
water 

* Mayumi et al., 2013, Nature Communications

 
 

 
 

→

 2016.12.9 

Bio-CCS

11 

Bio-CCS
•  CCS

• 
• Chem-TOUGH

• 
• 

•  →Bio-CCS
• 

•  AIST ADMAR II, pro
• 
•  95% 0.01%
• 

 2016.12.9 

-  -
Ø <�#a9��a��+�[�z$L§¦¤ ¢�<�#a9
��+��|z�

Ø *GE���©£°G-����+QY��|��y1��^_
��°fAc- �G-��y6�^_��°��©£°�G-���z 

�mfrjoslmfgflisktfgflmrtkf↔ mpqvhfgfmpsg�
 mpqvhfgfmpsgf↔ mprtkfgfmprsm� 
 hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh�
 uxwfffffmfrjoslmfgflisktf↔ jnrtkfgfmprsm�

Ø �2ª¥®��yVI#��*GE>��"&J�{��	"
�y*GE��%���*GE�G7��������S,�
����z�



 2016.12.9 

-  -
Ø  ?
ª¥®�fCO2�¢, CH4�¢, VI#�#a9���BTCO2 ³CO2aq´, 
BT©£°f³CH4aq´�5-��z 

ü  BT©£°fCH4aq C(�yVI#�A(����:"���BT(�X~�
��y CH4aq � CH4gas �K ���zf��ª¥®� CO2gas ��� CH4gas
�.}z 

�
Ø  CO2 =�����BT��`E�yVI#��#a9�?���z3ª¥®
� SiO2, Cl, S±SO4

2-, Ca2+, Mg2+, K+, Na+, NH4
+, Ac- �BT�+�.��z�

��� ��� �� ��
�	

g/mol vol %
60.08 SiO2 Quartz 29.3

278.34 KAlSi3O8 K-feldspar 13.5
278.21 CaAl2Si2O8 Anorthite 9.8
262.22 NaAlSi3O8 Albite-low 20.2
366.04 Ca0.165Mg0.33Al1.67Si4O10(OH)2 Ca-montmorillonite 29.2
100.09 CaCO3 Calcite 0.2
172.17 CaSO4�2H2O Gypsum 0.1
258.16 Al2(Si2O5)(OH)4 Kaolinite 0.0
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ª¥®��+�y0aQ\�D?��b����.}������z 

ü  ChemTouch ��!EW�Ne�/��+/��c���
±?
±�¢�.
}������z��y`E�_�]��+yBTy;8�\M�UO���
�����z�
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Ø  VI#¸f@ZF 1.0µm2, A( 55°C, �� 5 MPa 
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- CO2 & HCO3- - 

CO2aq. + H2O ↔ HCO3
- + H+  

CO2 gas

CO2 aq

HCO3
-
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Met. gas

Met. aq

pH

- CH4 & pH - 

 
 

100  
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Risk= f (H, F, V)
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H: Hazard  
F: Frequency  
V: Vulnerability
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Table1 Bio-CCS  CO2 CH4  
CO2 10 CH4 1 ( 95%) 

Figure3  

Figure 1. CO2  

Fig 2.  
: 95%  

Fig 3a.  Fig 3b.  

 /  / CO2 105ton  /  / CH4 
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 (1) 
(most likely) 95%
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 (2) 
(most unlikely) 0.01%
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Bio-CCS  

GWP Global worming potential index  
CO2 GWP=1  GWP=25 

[  Bio-CCS ] 
CO2 : 100 /10  

: 50

 CH4 + 2O2 àCO2 +2H2O 
CH4 1 → CO2 2.75  

CO2 
100  
GWP -1

CH4  
50  

GWP +12.5

CH4 50  
 

GWP -12.5

CO2 138  
 

GWP +1.38

 
GWP  +0.38

→ → CO2 CH4
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Bio-CCS 

http://www.aist-georisk.jp/cgi-bin/aist/index.cgi
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Bio-CCS  
 

CO2
Bio-CCS Bio-CCS

10 100 CO2 	 90 100 50
Bio-CCS Bio-

CCS Bio-
CCS  
 

100  

Ø A. (most likely) 95%
Ø  CO2  

Ø B. Bio-CCS (most likely) 95%
Ø  CO2 0.5 / /
Ø  0.0 / /

Ø   

Ø Bio-CCS
 

Ø Bio-CCS CO2

, , , , , : J of MMIJ, 2015.8.
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* CO2 EOR 

/  
[31] 

 
[30] 

 
[28] 

 
[44] 

  
[39] 

 [10] 4 6 

19 
 [4] 1 1 2 

 [17] 7 8 2 

CCS* [8] 8 

 
[23] 

 [15] 3 12 

21 
 [4] 4 

 [4] 2 2 

商業的CCS* [0] 

 
[27] 

 [10] 8 2 

4 
 [7] 6 1 

 [8] 3 3 2 

商業的CCS* [2] 2 

MIT CCS program 2016  



 2016.12.9 

	 CCS  

•   
–   
–   

•  CO2 CO2  
–   

–  CO2  
•   

–   
–  CCS  

•   
–   
–  NIMB Not in my backyard  
–   
–   

• 
29 

 2016.12.9 

 

30 

MIT CCS program 2016  
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CCS  
•  2DS   
ü  2DS  

ü  2050 CO2 CCS 17% CCS
14% 	

ü  2015-2030 130 CO2	 	

ü  	

ü  	

CCS 	

ü  	

ü  CCS 	

	→ CCS 	
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