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Japan’s GHG EmISSIONS (after MoE)
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el @CANOlOQY Development Roadmap of Japan

and Technoloaw.

<Current technology> Mapped out by METI
(O Cost for capture is currently about 4,200 JPY/t-CO2.
<Technology development roadmap >
(O Target capture cost of 2,000s- JPY by 2015 and 1,000s-level JPY/t-CO2 by 2020s.
\ (O Start a large-scale demonstration project as soon as possible after FY2009 )
2000 2010 2020 2030 2040 2050
i i 1 1 I I

o Carbon dioxide separation and capture Dramatic reduction in separation cost

Spearation cost 4,200yen/t-CO2 2,000yenft-CO2 1,000yen/t-CO2 (Application of separation membrane on high-pressure gas) [
;'5551;:2:;323 \:rt:tion ] - Chemical absorption, physical absorption, membrane separation,
L mzpmbrane P . - Regeneration of absorption solution by utilizing unused low-temperature waste heat, etc.
- Large-scale implementation of membrane separation, continued production

® Geological storage of CO2 @ Ocean SEﬁuesIration of CO2 Dramatic increase in storage potentilal
Geological storage demonstration

Large-scale demonstration facility
- Aquifer storage, storage in depleted cil/lgas reservoirs, storage in unminable coal seams
- Transportation technology - Dissolution, lake type storage, etc.

Supporting technologies and related technologies

;Enhanced Olligas Recavery (EOR) Integrated coal Gasification Fuel cell Combined cycle (IGFC
- Behavior prediction #integ ycle (IGFC)

- Monitoring technologies 4 Integrated coal Gasification Combined Cycle (IGCC)
@ High-Efficiency Natural Gas Fired Power Generation

Implementation and _
diffusion scenarios
Separation and |

caphite | Reduced cost of COZ separation and capture >
System | _ Verification of large-scale systems _,'Zi' Application while watching condition of environmental steps >
| Establishing environmental impact assessment and social acceptance (Including monitoring after CO2 storage) >
sEtré;'sr.onmemal | | Establishment of domestic laws and international rules
| Assessment of storage potential

Increased international cooperation B




a4 Tentative schedule for CO, Geol. Storage
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Framework of CCS research in Japan

Ministry of Economy, Trade
and Industry (METI)

(MOE)

Ministry of Environment

o

AN

Japan NUS
(JANUS) and
General
Environmental
Technos Co.

Research New Energy
Institute of and Industrial
Japan CCS Innovative Technology
Ltd. (JCCS) Technology Development
for the Earth Organization
(RITE) (NEDO)
JAPEX etc AIST etc AIST etc

(Demonstration Project) (R&D) 9

(CCT and CCS)

(Regulation)
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A candidate of the demonstration plant
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Offshore Pipeline

Air-blown
250MW S o - >

Iwaki-oki Gas Field

Sub Sea
Capture Compress Completion
WD 150m
|
3 —
F“k“Sh'm*a lwaki-oki Gas
\ Field
e ;

e Depleted Gas Reservoir
‘N \Nakoso  H 2000mbMSL

Offshore sub-sea completion well
CO,to be captured at the Nakoso IGCC Demonstration Plant, transported to Iwaki-oki Gas

Field and injected into the depleted reservoir
ecoal Gasification Combined Cycle, demonstration plant is owned and being operated by Clean Coal Power R&D Co., Lt_dLO(CCP).

elwaki-oki IGCC : Integrated gas field was operated by INPEX (Teikoku Oil).
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Amendments to the London Protocol 1996

Permission of offshore CO, geological storage

In Japan, @

Marine Pollution Prevention Law

(National Law)

Cabinet Order

|
Ordinance of the

Ministry of the
Environment

Amendment was accepted in the Diet
(2007.05.23)
12



o 1. Prohibition of disposal of oil,
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wrenas Nazardous liquid substances, and wastes
under the seabed

No one shall dispose oil, hazardous liquid substances, and wastes
under the seabed, except for CO, stream storage under the seabed
with permit from Minister of the Environment (Article 18.7)

Qil Hazardous Liquid Wastes

O ‘
Subsurface under the seabed .ﬂ

Carbon Dioxide

13



a4 2. Provisions for the permit for CO,
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(1) Anyone intending to dispose CO, stream under the seabed must obtain a permit

from Minister of the Environment (Article 18.8) @

YA

Permit Minister of

i the Environment

(2) The Minister of the Environment shall not issue a permit for the CO, stream
storage under the seabed unless it meets all conditions required such as “the storage
site under the seabed and the method taken for the storage will not harm marine
environmental protection at the storage site”” and “there is no other appropriate
disposal is available other than storage under the seabed”. (Article 18.9)

~ |¢
q

) (=2

(\"L’)) No other appropriate
A~ r~ No impact to marine /\r—//;\ ) pprop
¢ /; environment /)\/f disposal way

(3) A person holding a permit for CO, stream storage under the seabed must
monitor status of the pollution at the storage site and report monitoring
results to Minister of the Environment. (Article 18.12)

Monitoring and

Reporting 14
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Application for a Permit (ordinance of the MOE, Article 1)
® Project Plan
® Monitoring Plan

Attachments (Ordinance of the MOE, Article 4 and 5)

1. Site selection report

2. Environmental impact assessment report

3. Explanation for no appropriate disposal is available other than
sub-seabed storage

4. Financial capability of the applicant

5. Technical capability of the applicant

6. Outline of the entire project (beyond permitting period)

15
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gt oo Guideline
“ast” for safe operation of a CCS demonstration
project
mapped by METI in August 2009
Contents
1. Things to be assessed for CO, storage from geological aspects
2. Transportation Standard
3. Safety consideration for placing CCS-related facilities
4. Environmental Impact Assessment (EIA)
5. Safety consideration for the drilling, completion and P&A

(plugging and abandonment) for CO, injection and storage wells
. Safety considerations for CO, injection and operation
. Concentration standard of CO, to be injected
Monitoring
Measures to be taken when abnormalities occur

© 0 N o

http://www.meti.go.jp/english/press/data/pdf/090807 02PDF.pdf
16



@4 1. Things to be assessed for CO2 storage
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1-1. Formulation of hydrogeological and geological structure model

— In order to assess feasibility of a CO2 storage project from geological aspect,
following conceptual and detailed models should be formulated.

(1) Formulation of regional (conceptual) model

1) Based on existing materials.

2) A hydrogeological and geological structure model including CO2 reservoir,
cap rocks, and their upper section

(2) Formulation of detailed (numerical simulation) model

1) Based on the regional model.

2) To assess the hydrogeological and geological structure of the reservoir
region (including cap rocks)

3) To estimate the extent that would be impacted by injection of planned
volume of CO2
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1. Things to be assessed for CO2 storage
from geological aspects (cont.)

1-2. Things to be assessed to perform large-scale demonstration
project

(1)

(2)
(3)

(4)

Confirmation of the existence of reservoir and cap rock
1) Storage possibility and reservoir volume
2) Continuity of reservoir and cap rock
3) Characteristics of cap rock
4) Characteristic of artificial structure (ex. wells) and fault, if any

Setting of adequate CO2 injection plan (rate and amount)
1) Possible CO2 injection rate and total volume of injected CO2.

Sealing property of cap rocks

1) ....should be confirmed to avoid the break down of the cap rock \under CO2
injection pressure.

Seismic activities occurred in the past near the CO2

Injection site

1) In order to identify the seismic activities, background (baseline) data should
be acquired :




~@4 1. Things to be assessed for CO2 storage
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from geological aspects (cont.)
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1-3. Data to be acquired, acquisition methods and time-
frame for acquisition

(1) Datato be acquired before drilling the exploration well
1) Public information and existing data related to geological condition
2) Implementation of seismic survey.

(2) Datato be acquired before COZ2 injection
1) Formation data obtained by various loggings
2) Stratigraphy and lithofacies
3) Mineral composition, porosity and permeability
4) Capillary pressure of reservoir
5) Threshold pressure of cap rock
6) Breakdown pressure of reservoir and cap rock
7) Downhole temperature and pressure
8) Chemical components of formation water

http://www.meti.go.jp/english/press/data/pdf/090807 _02PDF.pdf
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wert.  R&D subjects in AIST, GREEN
AIST

h) Estimate of Env. effect to Seabed formations

i) Risk analysis f) Effect of underground water flow

Large CO2 Spt’xtgeg

Key I — N
ey issues Fault

g) Geol. DB for site selection

How CO, is stored _
in a saline aquifer? N e o
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a) CO,~Water—Rock interaction d) Geomechanical stability

estimate of cap rocks
against CO,

c) Estimate.of Sealing ability of cap rocks and faults agains




> 1) Development of Combined CO,
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Objective @ To detect CO2 movement precisely, such as distribution of CO2 saturation

® To monitor dissolved CO2
CO2 Injection

4.5 8
® Sonic Vp
G = Induction Resistivity| 115
,-a -
“‘T _? .I—E-
£ £
2 853
9 =
2 6 3
CO2 plume detected by Resistivity ¢ @
e 5.5 =
a
-5 45
CO2 plume detected by Seism " | , , , i .
Downhole 0 01 0.2 03 0.4 0.5 0.6 0.7 0.@'
co turati
sensors z s After Nakatsuka, 2008

Difficult to detect dissolved CO2 only by seismics

4

Combine both of seismic and resistivity
methods

Research Items

/Optimal Data Acquisition
/’Joint Inversion analysis of Seismic
and Resist.

2

2
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FY2009:

Data acquisition of both seismic and resistivity methods during CO2 injection into
shallow well (50-m depth) , located in AIST, Tsukuba.

Example of calculated Electromagnetic response in offshore

Amplitude Ex, Tx #2, F=0.75Hz
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o 2) Development of Optimal Modeling

National institute of .
Advanced Industrial Scienc
e Technologies
AIST

Objective =To obtain areliable reservoir simulation model to predict long-term CO2
movement behavior

- To utilize geophysical monitoring data, such as seismic, resistivity, SP and
gravity methods, for history matching purpose

We need to develop post-processors calculating observable geophysical data
from output (CO2 saturation, T and P changes) of reservoir simulation

Monitoring (Observation data) -—
Direct history— P T
Well data matching is possible CO2 saturation
-Downhole pressure = = Chemical Contents
HH Changes
*Downhole Temp. etc. Revision of the ST T 777
simulation model B “’5/\#,7/;
NONEEININE AN
Geo’_ohy'_Mon' ﬁ et In o order to conduct ~ SN /;/;
Resistivity | | e a2
: : oo We need = - ﬁ
Gravity T T o processor‘/f ;' . //ﬂ
g || - 5
sSF Changes I L 5y Sl /f' X ;V




- 2) Development of Optimal Modeling Technologies
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o (Post Processors)

FY2009:
Development of Post-processor for Seismic Reflection method

After 50 years Prediction
— - of CO2

E———— -— distribution

S e "
— T ___'_'___-____________F4-.—-

fter 1050 years

Meters East
Seismic reflection survey performed at t = 18250.000 days.

vie refleéction survey performed at & = ;
. P-wave amplitude displayed.
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a4 3) CO, Trapping Mechanisms in Interbeds
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Objective

® To construct hydrological and
geological model

® To examine sealing ability of
caprocks

® To examine sealing ability and
leakage risk of microcracks and
faults

Interbeds of Sand- and Mudstone

26



i Three research works for the trapping
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(@ Measurement of @Measurement of Capillary @ Evaluation of Influence of
Capillary Pressure pressure of Cracks Chemical Process

ERRN
Seal rock

—IVE

/.- Water

BREL E&RGys—E) BR(—HBEREAR)
il or gas ﬂt\%o)%ﬁ - }Wﬁﬁfﬁgﬁﬂ"

T4—ILEDNSDH RIS

FY2009: Uniform—size artificial specimen FY2009: measurement of permeability using FY2009: Evaluation of reaction
specimen including cracks process of sandstone minerals

L

Development of Long-term S%Iing Ability of individual formation
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v’ Storage potential estimation around the Japanese Islands
v Numerical modelling and simulation

v’ Laboratory experiments

v Monitoring tools

v' Ground water data base

v' Geochemical reaction study (Formation water data base)

v Evaluation of the permeability of micro faults and the seal
ability of cap rocks

v Development of the risk analysis tools.
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Thank you for your attention

We are interested in joint works on CO, geological storage

In saline aquifer, EOR in oil/gas reservoir and storage in
coal seam (ECBM).

Shinsuke NAKAO

sh-nakao@aist.go.jp

Institute for Geo-Resources and Environment (GREEN)

National Institute of Advanced Industrial Science and Technology(AIST)

View graphs were prepared by
& Shinsuke Nakao and Toshiyuki Tosha,
GREEN



