2010 2 3

CO;
RITE




CO, RITE

]

CO,

RITE CO,



CCS(CO;

CCS Carbon dioxide Capture and Storag - IPCC-CCS-SR,2005>



IPCC CO; 2005
CO;

CARBON DIOXIDE
CAPTURE

AND STORAGE

Co, co,
300 km

Co, 2 t-CO,

CCS CO, 25-30 US$/t-CO;

CCS 2100 Co, 15-55

Co, co, 1000 99

CCS CO, 1
ccs 2006

Co,
Co,

CCS CCS
CO2



Overview of Geological Storage Options Produced oil or gas
1 Depleted oil and gas reservoirs - Injected CO,
2 Use of CO, in enhanced oil and gas recovery EESEEEE st
B o e ored CO
3 Deep saline formations — (a) offshore (b) onshore T :
4 Use of CO, in enhanced coal bed methane recovery

5,600GtC
1,500

10% t-CO, s
IPCC-CCS K. Akimoto et al., GHGT-7




7o CCS co2
IEA CCS
" ccs
CCSs ﬁ CO?2
50 CCs
21 2020 100
Sio 2050 3400
- 7
: 1 2020 1.5~4.5Mt/
pm . 12 CO2 38
20 24 2050 CO2 145Gt
| IEA Blue Map Gt 44—+ 1%
IEA Energy Technology Perspective 2008a 2010~2050
i WEQ 2007 450ppn " =ETP20Q8 BLUE Map " S
OECD
CCS CO2
2020 2020 2050 2050 2010-2050
OECD Gt , Gt 1130 USD
OECD Gt Gt 475 USD
OECD Gt Gt 530 USD
Gt , Gt 1170 USD bn
OECD Gt , Gt 1765 USD bn
145Gt 15,500Gt 5070 USD bn




CO, RITE

CO,

RITE CO,




CO,

2007

2010 2020 2030 2040 2050
2008 | | v ®co | | |
7300 /tCO2 v - Gez ® co
q
co2 > [
co2 >
= =
Co?2 > |:| D >
Q@ IGCC)
© A-USC)
@ (IGFC

2000 2009 -
2007 2011FY
2008 2012FY
2002 2008 2009 FY

2010 2014FY)
2010 2014FY)

8






CCS

CO2
80 A
L ( <T| ) A
29
CO2 —
> —
CO2
BFG( ) - ﬂ
—>
, 14 A
\ (, )
B
>
,1 11 A
Mo ) 2
4 |
| 7 |
HHHHHHH :‘}
)
] i

H17  RITE 10



a0 7

)

10

G8

2009

- —

. 2000 {2001

2002 ;2003 H

2007

2008 (2089 : 2010 2011 2012 | 2013 2014 £

2017 2018

2019 ( 2020

RN, 30 W 22

atmeéye.acg d.rillin:g;

> -----::::‘--:-‘-'y'l

--------------------------------------------------------
-
o

Emnm n‘-':.-.l.gn_l__n




2008 5 26
21 7 30 37 RITE
11
JFE NK 1
H21 2
FS :
cCs j
..,.w"ﬁ%’\J?Okm
\\ |
/ IGCC @

2008 8 19 12



NEDO

CO,
H20-H24 H20 16.58
H21
(1) CO2
(2) CO, JFE
3) CO, RITE
(4) CcO2
(5) CcO2 CCS
(1) CcO2 IGCC
(2)
<: FAUEUFy - ASF 4 (RBHS CCES ETD RF—F LA F LIZDLT) >
{ERHAAE - 850 LoTRE - Bl KD 4 Mooy i >
s = - A

Liomb

G AE
(Ah) R

<

T —

- CO: BRI IGCC fEhmbR
- =

13



FRCER

H21
CO2
21 12 3
CCS
2020
CCS
CCS CCS

CCS
CCS

CCS

CCS

14



RITE

12§ 13 14 15 16 17 18 19 20 | 21 22 23 24 25
E> CCS
H12 HI16 D H17 H19
CO2
CcOo2
ccs
| : A
(NEDO Ii
HO9 H13
IZEC) >

ccs >

CCS-EOR >

15



CO,

CO,

RITE

RITE CO,

16



CO, CCS CO,-EOR

® Sleipner _ - Weyburn
Statoil W e o=
0y EnCana
CO, 100 t/
PJ 2000
CO, 20
CO, 100 t-CO2/

-GHG Weyburn-Midale CO,
Monitoring and Storage Project

P In Salah
BP Sonatrach Statoil

2004
Co, 100 t/

17




Oxyfuel IGCC

e Vattenfall Schwarze Pumpe * FutureGen
30MWe 2008 CO2
© CS Energy Callide A 2015 300
T 2009.6.12.FutureGen Allianc
T e s - -:5-:_:-"““—.‘
® ZeroGen
@
30MWe 2010 -
NEDO 2008~2012 FS ccs
200-250km Postcombustion
o CCS
IHI Kosto FEED) Mongstad
JCOAL o AEP Mountaineer

20MWe 2009 5 10

18



CO;

CCS
2009.10.30.

Alstom
CO2

AEP

AEP: American Electric Company

MW-3 (Rl FSBG) CO. Capture
(D, E, F, G, H) & i ﬂs_eparaticm
P N C:/ﬁ
[?tegth} i e 1 s
"~ - i Y 2L N &/
. = I T
Mountaineer Plant oSS Y IS e
( New Haven, West Virginia) S T 1 | e O i
3.000—_ pereni e [
CO2 2009.9.1. L, e R
I Z e ] %‘—%_
2009.10.2. Queenston/Reedsville Shale
2,400 Copper Ridge Dolomite
2009.10.30. 7 _,
Black River Limestone /
CO2 : ( MWe ——1——5—_____@_;:_@%/
20 1 2 1 5 0 |V| W e e 8| Beekmantown Dolomite /
—-______%
http://www.aep.com/environmental/climatechange/carboncapture/ e %‘ 19



http://www.aep.com/environmental/climatechange/carboncapture/

Weyburn
-GHG Weyburn-Midale CO, Monitoring and Storage Project

(2005-2011)

e CO2

PTRC (Petroleum Technology Research Center)

20



Weyburn

Modeling

co,

Site

Characterization

N/

Carle et al. (2006) :‘_:f*’ﬁw =
o

=g Aquifers  [dinterbedded
fimy =y [Aquitards [BlBasement

MMC

PTRC

21



Weyburn

Monitoring
e Monitoring:
- C02
« CO,

PTRC

22



Weyburn _ _ _
Geophysical Monitoring

Fugro Seismic Imaging: Enhanced Seismic Modeling and CO2
Pressure-Saturation Inversion for Weyburn CO2 Monitoring and
Storage Project Phase 2

University of Saskatchewan: CO2 Saturation vs. Pressure
Effects from 4D PS surface and 3D VSP seismic data

Bristol University: Passive seismic monitoring: Part 2. fault
properties and the geomechanical response to CO2 injection
within an oll reservoir

Carleton University/GSC: An assessment of caprock integrity
using seismic amplitude versus offset and azimuth (AVOA)
analysis to detect fracture systems

Geological Survey of Canada: Seismic Repeatability
Permanent seismic array / Monitoring well Passive monitoring

LLNL: Numerical modeling to assess the sensitivity and
resolution of long-electrode electrical resistance tomography
(LEERT) surveys to monitor CO2 migration, Phase 1B area

New proposals: Rock physics, INSAR

PTRC
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L8WE | 3.2 Storage Prediction
3.2.1 Reactive transport modeling (ARC)
3.2.2 Reactive transport modeling (SLB/LLNL)

5% 3.3 Process/Property Studies

4 3.3.1 CO,-brine-rock interactions

3.3.2 Pore-scale matrix analysis

3.3.3 Fracture perm & its CO,-induced evolution*

3.4 Observation-tuned forward modeling

3.4.1 Stochastic inversion of time-lapse
geophysical & geochemical data
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