Recent Movements and Some Challenges

of CCS 1n Japan

Toru Sato
Professor, Dept Ocean Technol., Policy, and Environ., University of Tokyo



* Recent Movements of CCS in Japan
* Carbon Neutral by 2050
* CCS Business Act
* Long-Range Roadmap
* Selected 5 Storage Sites and 2 Export Ports

* Challenges of CCS in Japan

* Necessity of Deregulation
e (CO2 Concentration in Seawater



Carbon Neutral by 2050

« COP25 (2019) Bonn, Germany
* EU: zero CO2 emissions within the region by 2050

* Policy Speech by the Prime Minister Suga (26 Oct. 2020)
* CARBON NEUTRAL in 2050

* COP26 (2021) Glasgow, UK United Nations

Climate Change

* Japan declared to reduce emissions by 46% by 2030 and zero
emissions by 2050
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(UNFCCC)
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CCS Business Act
(submitted to the Diet held in May 2024)

* Creation of the permit system of test-drilling and storage business

* The minister of METI appoints possible reservoirs as “special area”, collects
possible storage operators, and gives a permission to the most appropriate one.

* The minister of METT sets test-drilling right and storing right to the selected
operator. The test-drilling right and storing right are regarded as “deemed

property”.
* Regulations for storage operatots
Oragc OpcCrators mus monitor the cmperature ana pressure, éic. O reservolrs.
* St t t tor the t t d fc. of

* Storage operators must reserve funds for the monitoring after closing their wells.

* Under the condition that the COZ2 is stored safely, [OGMEC will succeed the

operations for the reservoirs including monitoring from the operators.

(extracted and translated by Sato from METI, 2024)
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Long-Range Roadmap
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Selected 5 Storage Sites and 2 Export Ports
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Challenges ot CCS 1n Japan

1. Storage Capacity
a. Exportation of CO2

2. Cost Burden
a. Advanced CCS Business Fund

b. Green Innovation Fund
3. Local Public Acceptance
4. Deregulation



Necessity of Deregulation

* London Convention (IMO) (2004)

* Only sub-seabed underground
* Only gas with CO2 concentration of “overwhelmingly” high

* Act on Prevention of Marine Pollution and Maritime Disaster (MoE) (2005)
* CCS operators need to get permissions from Minister of Environment
* Only gas with CO2 concentration ot 99% or more.
* Mandatory monitoring of COZ2 concentration in seawater.

* Not mentioned on the time period of monitoring. External?




Necessity ot Deregulation

Tomakomai Project

Offshore: 3 km, WD: 50 m, Aquifer depth: 1000 m
Total 0.3 Mt/y from 2016 to 2019

HOKKAIDO

® Tomakomas

PACIFIC
OCEAN

100km

(Mabon, 2018)



Necessity ot Deregulation

CO2 concentration in seawater is not constant due to biological activities

pCO2 and DO saturation usually have very good correlation (De Grandpre et al., 1997).

MoE requires to re-conduct to monitor COZ2 concentration, if some data exceed the upper end of
the 95% prediction interval.

However, the variation of pCO2 at the Tomakomai site is very large.
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Necessity ot Deregulation

* What happened off Tomakomai

* High pCO2 data ware monitored one month after the start of CO2 injection in May 2016.
* Stopped CO2 injection from May 2016 to Jan 2017.
* Re-conducted monitoring + more precise investigation with large cost.
* Bubble investigation by a side-scan sonar
* Carbon isotope ratios: C!3 and C!4
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Marine Pollution Protection Act will be merged to CCS Business Act and those treated in
Marine Pollution Protection Act will be co-supervised by the minister of MoE.
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CO, Concentration in Seawater



pCO, (patm)

Detection of High CO2 Concentration

* Variation of pCOZ2 at the Tomakomai site is very large.
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CO2 Dissolution in Seawater

CO, + H,0 < HCO3 + H*

Atmosphere 1 atm HCO; Cog_ L Ht

N2 78% pN2=0.78 atm
02 22% p0O2=0.22 atm
400ppm pCO2=0.0004 atm

DIC = [CO,] + [HCO3] + [CO3]
pCO, = K, [CO,]

Carbonic Acid in Sea Water

2 4 6 8 10 12 14
pH Millero (2005)

The ratio between is about 10 : 100 : 1
mainly depending on pH in seawater

m[CO2] m[HCO3-] m[CO32-]

10 : 100 : 1



CO2 Dissolution in Seawater
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CO2 Dissolution in Seawater

DIC (Dissolved Inorganic Carbon)=[CO, |+[HCO, [+[CO, o
DO (Dissolved Oxygen) = [O,]

Atmosphere 1 atm

Equilibrium to the atmosphere
without biological activity

DIC,,

DO,

N2 78% pN2=0.78 atm
02 22% pO2=0.22 atm

CO2 400ppm pCO2=0.0004 atm
a, and b, depends on water mass

gas exchange
water mass
(How long the water contacted to the atmosphere in the past)

water mass DICeq = f(T,S, TA) TA: Total Alkalinity

TA = [HCO3] + 2[C0%7] + [H,BO3] + [OH™] — [H™]

-

Non-equilibrium to the atmosphere
without biological activity

DIC, = 8,DIC,,
DO, = byDO,,




Biological Activity - respiration and photosynthesis

Atmosphere 1 atm

N2 78% pN2=0.78 atm
02 22% p0O2=0.22 atm
CO2|400ppm pCO2=0.0004 atm

m[CO2] m[HCO3-] m[CO32-]

UuJ

ADIC =-kADO

£ = 0.722 % 0.05 from Chen and Pytkowicz (1979)

DIC = DIC, + ADIC
DO = DO, + ADO
DIC, =a,DIC,,
DO, =b,DO,,

DIC + kDO = DIC, + kDO,
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Biological Activity - formation of calcium carbonate

Atmosphere 1 atm

N2 78% pN2=0.78 atm
02 22% pO2=0.22 atm
CO2 | 400ppm pCO2=0.0004 atm

Formation/dissolution of CaCO,

Ca* HCO,” k> CaCoO,
DIC=[CO,]+[HCO, ]H[CO;" ]

TA =[HCO, ]4{2[CO,* |k [H,BO; ]+[OH ]+[H']

ADICcalcium

ATAcaIcmm 1.
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Biological Activity - formation of calcium carbonate

DIC—0.5TA+0.722DO = DIC, — 0.5TA4, +0.722DO, = C, (ay, by, T)

ag,0y

w

DIC-0.5TA+0.722DO0O

Temperature
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Application Results of Tomakomai

/ 95% upper limit
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DIC-0.5TA+0.83DO[umol/kg]

DIC-0.5TA+0.83DO[umol/kg]

DIC-0.5 TA+0.83DO[umol/kg]

11U5
1100
1095
1090
1085
1080
1075
1070
1065
1060

1055

1105
1100
1095
1090
1085
1080
1075
1070
1065
1060
1055

000000000.0.0......

10 15

2% No

no

20

25

Dz L
- ax ®
.
{im
| = am
an
o™
()
®ece
20

Input Layer € R

2000, 209D
&

AQRAQ Q0000000

TOOO000DDD

Hidden Layer € R®

JOO0OO00D

Hidden Layer € R*

98y 0m0@

Hidden Layer € R*

Output Layer €R

NORTH: 32.73751
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Seepage Judgment by Machine Learning

Table 3.7 Judgements results of data measured off Tateyama by FNN model

Tateyama
Oct.11th, 2022

Tateyama
May 17th, 2023

Tateyama
May 18th, 2023

Total number of

19 23 18
judgement data
Number of data judged
19 23 18
as abnormal (1)
Number of data judged
0 0

as normal (0)

EAST: 130.20278

Table 3.8 Judgements results of data measured in Tachibana Bay by FNN model

Tachibana Tachibana Tachibana Tachibana

2020 2021 2022 2023
Total number of
) 19 60 16 41
judgement data
Number of data judged
2 60 0 41
as abnormal (1)
Number of data judged
17 0 16 0

as normal (0)
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