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In May 2024, the Diet passed the Act on Carbon Dioxide Storage Business, which includes a licensing

system for CCS businesses, marking a major step toward the practical application of CCS in Japan.
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Developing Business Models
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Fiber Optic Sensing

for CO2 Amonitoring
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CO2irBEBMFEVYT

— X HWEE RITEDR (20086, 2008)

* Al (afzmE) w5 | — AR 2000m

B A2 Emewn } ii — KR 1,000m

N A3 cmmm —XR =
B-1 UKt A R) A

© | B-2 (M3 52,000m, KR <200m)
B-2 (% 5% ¥ 1,000°2,000m, K 3R <200m)
B-2 (4 5UW ¥ 800"1,000m, K3 <200m) >
B-2 (% 5U% ¥ >2,000m, AR >200m)
B-2 (%% 1,00072,000m, &R >200m)
_. B- 2 (4 5% ¥ 80071,000m, AR >200m)

RITE(2006, 2008)% B (CICCS(C THiE

-

11 selected areas, 16 billion ton-CO2
storage potential (offshore)

{  Potential ":

| Sub-Regions ;  Basin Selected Potential Qualified
/ Areas Sites Sites
| ——_/ Potential !
w 1k \, Sub-Regions / ! - ‘
:- Potential } ‘ ‘
\ Sub-Regions / 3 - Site Ready for
segee | | [ ReE v Characterization Permitting

e Site Selection
Site Screening

Current Stage in Japan

Storing CO: in Saline Aquifers (1/2)
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Storing CO: in Saline Aquifers (2/2)

Permits (by Japanese Government, METI)

S—
.
DNV
Exploration Perp Storage/Permit jection Permit Transgeﬁof Liability
Portfolio Sufficient funding Container risk Monitoring and stakeholder focus
approach assessment
Focus on reducing largest
geotechnical uncertainties e.g. Risked based
Containment and Injectivity rate  monitoring plan s . e .
critical for Verification & Certification
Front end load data collection, lab regulatory . .
analysis, specialist modelling approval (AdVISOI'y Comm ittee by M ETI)

studies etc. — earlier than oil and
gas developments Third party

> verification an
A | certification

L

Stakeholder planning and engagement

Risk assessment

Community Concern, Risk Communication == Public Support
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RTEAIRE=

Sf: Storage efficiency

A

!

m) reservoir

=1{ffi : Estimating Volumetric Storage Capacity

(RITE, 2006, Ogawa et al., 2011)

To calculate the CO, storage capacity of a deep saline aquifer,
the following equation may be used:

CO:z injection 4 4 Injected CO: 4
S ideal
A A A
* buoyancy
A A A
* fingering

: S xAxh S I
| CO, storage capacity (mass) = 2" OxSexp |
B,CO, !

consideration. Sg is the supercritical CO; gas-phase volume fraction
in the injected CO, plume. p is CO, density at standard condi-

depends on local pressure and aquifer temperature. Therefore, the
term (p/BgCO,) represents the in situ density of pure CO; at the

the ratio of immiscible CO, plume volume to total pore volume,
which incorporates the combined effects of trap heterogeneity, CO;
buoyancy and displacement efficiency and so on. In the calculation,
the entire aquifer below a depth of 800 m is considered.

Sr: a “storage factor”, the ratio of immiscible CO2
plume volume to total pore volume, the combined effects
of trap heterogeneity, CO2 buoyancy and displacement
efficiency.
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Storage Factors in Different Regions

Comparisons of storage efficiency factors.

0./25 0./5 (Ogawa et al., 2011)

Efficiency’ / / Comments
Australia 19 % eodisc, #radshaw et al., 2004
Japan 12.5 % éf X S/g ~ E(DOE) or Cc (CSLF)
Alberta ~9 % Bachu & Adams, 2003 (Dissolution)
USA 1—4% DOE Atlas, 2008 (Monte Carlo Simulation)
Norway offshore ~4.4% Joule Il, 1996

"Note: After Thibeau and Mucha (2007).

Storage potential

=AXhXSfx ¢ xSg.”BgCO, X p

: aquifer area

h . effective thickness

Sf : storage efficiency factor

(o) . porosity

Sg : CO, saturation

BgCO, :CO; volume factor 0.003m3/m3, depth: 2000m, 70°C
o) :CO; density 0.001976 (t/m3)
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.M: CO:2 Storage Resources Management(ﬁ,ﬁ’lﬁ%ﬂiﬁﬁi&ﬂ.

LEOELABREHHER (BFEHEEHHE BHL-C02/4)

® KAXREFM

& —BHHT O wAULTIH

& & :539 BAt-CO/%E
Ti5% 161

T 1y :3.3 BAt-CO/E-Ti5
& K :24 BHAtCO,/F-Ii5

it

(511, jL’J"i (5634, W5541)
we2) LREH  wERE
55 86

RITE (2006) (=" 510,

LEIFEARTU v IL:$1,460 ft-CO; — R0 2RRNENE

(BX8) q
(%%E24]
0

=eFi 10
(Elﬂkiﬁ)'
[(%E10)

4

106
HRZE
(FE72, W$532)

(FE49, &11)

(%

0.,

itigE
(5815, 8§33)]

35 RIALETHR

(KE#)
E35]

(#ER)]

200km

+ WERE
o Hu
LARMBRE MR

Pl EEES

— Ki® 300m

1.Depth: > 1 km .
2.Location:
= reservoir and
containment
= accessible
3.Capacity:
Space to hold all
the planned CO,

Source: GCCS/

KR

RITE (2006) i
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CO2EAMEDELY: HAE vs B

(reservoir porosity, permeability, heterogeneity, thickness)

»» Storage Capacity, Injectivity

N Hydraulic Frachuring Requiired to Produce ’5 gﬂe
Shales Ganite day Conaee Bridk  BuildngSone , Reservoirs Sand

/ T-ateas

Unconventional

0.001 0.01 0.1 i1mD
ermeability Range of Producing Formations and Where Fracturing Is Required
0.001 milidarcy 1 darcy
Dﬁ"ifs‘? " Shale Fractures
Domestic Treatment We Microseismic . g
s, = Sleipner
N v Quest (Canada)
_ 2. v Decatur-ICCS (US)
et —_— o
5 =
- @ 100 milidarcy
. £
o
g e
o h
l 10 milidarcy
SEeSsEnERERERERERERIE 1o o T o 0.1 0.2 0.3 0.4
“«——— 4,000 - 10,000 ft —————————» Porosity
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Furre et al., 2017
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the high storage factor at Quest (high CO2 saturation)

1 Mt/year, started in 2015 Shell Report, 2017
The Storage Complex T — e
BCS Storage Complex — —
o ————— ————————
* Deep (~2km) saline aquifer — ———
* Below potable water zones, zones with '
hydrocarbon potential 1
* Multiple thick, continuous seals (>150m within “'” — —
the comp|ex) | — e
e — — — —
* High quality (~17% porosity) sandstone reservoir o — — |
* Excellent permeability (~1000mD) ms gl ———:—; .
Prairie Evaporite - Additional Seal =
s — —
o ———— | — —
- s — e —
Upper Lotsberg Salt - Ultimate Seal o [E——— -—P
Eh ¢ BCS “scrarrert SCCIP=TT
Lower Lotsherg Salt - Secondary Seal Storage — it
dm| Middle Cambrian Shale — Primary Seal Comp|ex i
, _ 2015 Baseline 2016 Monitor 2016 Difference
Basal Cambrian Sand - Storage Reservoir - i

PreCambrian Shield | | I e R e R VP R R B B BB R B

Sandstone reservoir property Quest —
thickness: 40m; permeability: ~ 1,000 mD

the plume extent is closer to the theoretical minimum

is another indication that the reservoir is behaving better
than expected, and that the displacement of brine by the
CO2 may be more effective than pre-injection modelling —
predicted. (CO2 saturation assumed up to 100%) 2017 Maniffor 2017 Diffesoes

s
+
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Depth (mMMD)

CO2 Distribution @Nagaoka site, Japan

Spinner Test
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CARBON CAPTURE AND STORAGE

Carbon Capture and Sequestration: The Pressures of
Selecting the Perfect Site JPT

Decades of experience injecting fluids into the ground has
revealed a fundamental truth: No two injection sites are the same.

A thorough understanding of site-specific conditions is essential to
ensure safe and secure long-term subsurface disposal of carbon
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