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Project Overview

* First large-scale CCS
demonstration project in Japan

* Location: Tomakomai City,
Hokkaido Prefecture

« Commissioned by: METI, NEDO
 Contractor: JCCS

_, ..'To'makomai City

Copyright 2020 Japan CCS Co., Ltd.



Project Schedule

* Constructed demonstration facilities from FY2012 to 2015
« Started injection at scale of 100 thousand tonnes per annum from April 2016
* Achieved initial target of 300 thousand tonnes cumulative injection on November 22, 2019

Monitoring is being continued
Fiscal Years

6

CO, Injection

Baseline

Monitoring Mon itO ri ng
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Project Scheme

« A portion of PSA (Pressure Swing Adsorption) offgas containing approximately 52% CO, generated by a hydrogen production
unit in adjacent refinery is transported by 1.4km pipeline to Tomakomai Project capture facilities.

CO, source Capture .' Injection " Storage
| Activated amine process
’l i |
?:1' Pipeline 1.4km ’ Compressors
|- e———————— Ll i i i Injection wells
Offgas CO, capture capacity ] 2 wells
Containing CO, ) _=200,000 tonnes/year | Offshore Tomakomai 7
Hydrogen production unit of —
existing oil refinery {}
Reservoir
Typical PSA offgas
composition (vol%) Moebetsu Formation : Sandstone layers l
1,000 —1,200m sub-seabed
CO, | 51.6
H, | 38.8 Cap rock

CH,| 6.6

Co| 23

H,O| 0.7

Takionue Formation : Volcanic rock layers
2,400 — 3,000m sub-seabed
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Bird’s Eye View of Tomakomai Capture/lnjection Facilities

L .

:' CO; absorption tower

CO; stripping tower + CO, rich gas from refinery is sent to the
CO, absorption tower

+ Captured CO, is compressed and sent
to injection wells

Pure water
production system

Primary LP CO; compressor

Secondary LP CO,
compressor
HP CO; compressor

Control
building

@ Flow of PSA offgas

Industrial water intake pit

,‘
/

Flow of high purity CO | . = > A
g p 'ty 2 ’.. > \\ -,\7'"« .?/

Copyright 2020 Japan CCS Co., Ltd.



CO, Injection and Storage

Depth in meters (bMSL)

Schematic diagram of geologic layers and injection wells

0 400 800 1200 1600 2000 2400 2800 3200 3600 4000 4400 4800m .
o s o * The captured CO,is compressed and
Observation Well for _ stored 3-4km offshore in two sub-seabed
\ Moebetsu Fm. Quaternary sediments » reservoirs at different depths — Moebetsu
-400 ro- . .
\ Injection Well for and Takinoue formations by two
Moebetsu Fm. Mukawa Fm. (Sandstone, Mudstone, etc.) g independent injection wells.
-800 - -800
i + Deviated CO, injection wells drilled from
Moebetsu Fm. (Sandstone) onshore to offshore sub-seabed
-1200 1 (TD 3,650m) ©-1200 . - .
NinalFm» (Mudstone) a * Cost reduction of drilling, operation 9
1600 1600 and maintenance
Biratori-Karumail Emxp(Mudstone) « No disturbance on marine
2000 - -2000 environment and harbor operation
Fureoi Fm. (Mudstone)
-2400 r -2400
2800 Takinoue Fm. (Volcanic Rock) " 2800
-3200 Takinoue Fm. (Mudstone) [ -3200
-3600m -3600m

Landward(North) ¥ Aspect Ratio=1:1 Seaward(South)
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Location of Monitoring Faclilities

L RAMra™
. Onshoré' Selsmj,c < ..‘..,
statlon..,’b i '-’5

L
"3 »h,

Observation well OB-2 for
Moebetsu Form. {vertical)

(D
Observatioftwell OB-3 for
Takinoue-Form. (vertical)

Observation well OB-1
for Takinoue Form. .
(deviated) OBS (Ocean Bottom Seismometer): used for

monitoring of micro-seismicity and natural
earthquakes.

OBC (Ocean Bottom Cable): used for 2D
seismic survey and monitoring of micro-
seismicity and natural earthquakes. . ; Length: 1,37 m

3D seismic suyvey - G ... o
- . 3C sensor module  Weight: 126 kg

0BC

Receiver line:area of

_absewati_t'm welr
0B-1

Micro-seismicity monitoring area (ka X 6km) Image: LC81070302016141LGNO0O, courtesy of the U.S. Geological Survey; text and graphics by JCCS
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Schematic Diagram of Monitoring System / Monitored Items

« Offshore CO, storage in Japan is conducted in accordance with Act on Prevention of Marine Pollution and Maritime Disaster,
with a storage permit issued by Minister of Environment. Permit holder (METI in this project) is required to conduct monitoring in
accordance with “Monitoring Plan” submitted in permit application and confirm CCS is being conducted safely as planned.

« In accordance with Tomakomai Project “Monitoring Plan”, observation of reservoir temperature and pressure, and seismic
surveys to grasp CO, distribution, quarterly (seasonal) marine environmental surveys are being conducted.

Schematic diagram of monitoring system

Observed Signals —> c_«:_&_g
Ty <~ Observed Signals Hi-net Data
- ._l <~ Observed Signals

1 o~ 1‘ *
] o o 3 |: 2
: ol |o § |3 3 :
@ s E @
g VI I¥ & 5 H
Onshore Seismic g 5 3 2 :

tation 3 8 |2 z 8 Observation Well 0B-3
Injection Well for b4 5 o

m Takinoue Formation o 2 for Takinoue Formation

@ : CO, Flow Meter

® : Pressure & Temperature
Sensor

| O : 3-Component Seismic Sensor |

.->
n|l>

Injection Well for
Moebetsu Formatio

__ Takinoue Formation: Volcanic Rock Layer '

| Observation Well 0B-2
_\ for Moebetsu Formation

Monitored Items

Equipment/Work Monitored Items
Injection wells, Downhole: temperature, pressure
facilities Wellhead: injection temperature,

pressure, CO, injection amount

Observation wells

Downhole: temperature, pressure,
micro-seismicity, natural earthquakes

Ocean Bottom Cable
(OBC)

Micro-seismicity, natural earthquakes,
recording of 2D seismic surveys

Ocean Bottom
Seismometers (OBS)

Micro-seismicity, natural earthquakes

Onshore seismometer

Micro-seismicity, natural earthquakes

2D seismic survey

Distribution of CO, in reservoir

3D seismic survey

Distribution of CO, in reservoir

Marine environmental
survey

Marine data (physical, chemical
properties, biological habitat, etc.)
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CO, Capture

Two-stage absorption process

Fuel Gas

CO, approx. 0.1%

CO, Absorption
Tower

Low-pressure

Lean Amine

Semi-lean

Amine

A

PSA offgas
Approx. 50% CO,

N’

Captured CO,
Purity~99.4%

w

Flash Tower

CO, Stripping
Tower

=

| L]

Rich Amine

I

Amine

~

4 Steam .

Reboiler

CO, Capture facilities
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Key Results of Tomakomai Project
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CO, Capture Results

» Achieved following results in capture/injection facilities demonstration:
@®Designated capture amount (25.3t/h), recovery rate (=99.9%), purity (=99%), capture energy (=1.22GJ/t-CO,)
@Complete automation of CO, compressor control system (simultaneous injection into two different reservoir types).
 Adopted two-stage absorption process employing activated amine for capture process. Achieved capture energy

(consumption) target of less than 1.22GJ/t-CO,

* Capture energy = reboiler duty/boiler efficiency

+ pump electricity x heat conversion coefficient/power efficiency; 4

Example for FY2016: 0.923/0.9 + 19.8 x 0.0036/0.42 = 1.20 GJ/t-CO,

FY2016 FY2017 FY2019 Designated Value
CO, recovery t/h 25.3 24.3 26.4 25.3
Reboiler duty GJ/t-CO, 0.923 0.882 0.915 0.949
Pump electricity KWh/t 19.8 21.0 18.8 19.2
Capture energy GJ/t-CO, 1.20 1.16 1.18 Target:1.22




Results of CO, Injection

Achieved 300,110 tonnes cumulative
CO, injection into 2 reservoirs at
different depths (Moebetsu Formation
— 300,012 tonnes, Takinoue Formation
— 98 tonnes).

Maximum values recorded by PT
sensors (pressure, temperature
sensors set close to reservoir) during
injection were sufficiently lower than
the upper limits set to avoid
destruction of cap rock of each
reservoir.

Injection record of Moebetsu Formation

@ April 1st, 2016 —December 31st, 2019
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Results of Micro-seismicity Monitoring

Events detected in micro-seismicity monitoring area

* No micro-seismicity or natural
earthquakes attributable to CO,
| e | ? injection were detected in vicinity
Injection interval of = o .. .
- '*. Mosbotau Formation . of injection area between startup
v | o % of injection and December 2019,
. ‘ ] including before and after 2018
§ = 9 g Hokkaido Eastern lburi
-
o £ gjﬁﬁ Earthquake.
4
4234 km Micro-seismicity monitoring I az'3a
0 12 3lEmmmOm | ! 3 Detectability: Mw > - 0.5 16
141°34" 141°36' 141°38' 141°40' 141°42' 0 5 10 S
Depth (km)
0 T 0 — :
~ 0 5 0 ) 3D View
Depth (km)
T e
Injection interval of M-1 M0 M1M2
. Moebetsu Formation - C Events detected duringinjection . . . . . . L. . .
E 5 5 E n Micro-seismic events detected in the mlcro-selsm|0|ty monltorlng area
= - -
= = c . - - Period : Feb. 1, 2015 — Sep. 12, 2020
a a g 5 Moebetsu Fm injection (Apr.6, 2016 to Nov.22, 2019, with suspended periods)
a o a © 4 Takinoue Fm injection (Feb.6 2018 to Feb.23, 2018,Jul.31, 2018 to Sep.1, 2018) Hokkaido Eastern Iburi Earthquake
V8 5 Magnitude 6.7 (Sep. 6, 2018)
™ 3 Moebetsu Fm Takinoue Fm injection _ Moebetsu Fm
101 L 10 _8 2 injection startup (Apr. 6, 2016) startup (Feb. 6, 2018) end of injection (Nov. 22, 2020)
Cross-section (E-W) g 1 I " l
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Seismic Survey Results - 2nd & 3rd Monitor Surveys -

 Distribution of CO, in Moebetsu Formation confirmed by seismic surveys since FY2017. Injected CO, is limited to upper portion
of reservoir in correspondence with predictions made in advance, and not believed to have behaved abnormally.

2"d monitor survey (61,239 - 69,070 tonnes; JFY2017 ) 3'd monitor survey (207,209 tonnes; JFY2018)

cross-line no. cross-line no.
om0 o o 100 . o 190, . 2000 220 o 30 o 100 130, 200 . 250
1 d 17
50j : E 50" E
o' .
2 2
£ 100 - [RMS 2 100 !
— —_— —
_I il ia = a0y _|
k= k=
1504 [ | R 'L 150 1| g
| RMS amplitude of difference volume = -
{ time window : 970-1,050msec. { time window : 970-1,050msec.
200 —4—mm———"V/—7mm"7"""F 1+ Tr—T1T—rr 20 ——mmovw——————

% S/N ratio and accuracy of difference calculation
is low due to the limited area of the data utilized for
calculation.
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Public Engagement
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Public Qutreach Activities

Voice of Tomakomai Citizens Outreach Activities
1. Information Disclosure = o
Thorough disclosure should be made @Panel Exhibitions

®@Forum for Tomakomai Citizens » Mini seminars: 27 times

2. Safety/CO, leakage » @sSite Tours

Want more detailed information
on risk of CO, leakage

» Monitoring &

Disclosure Plan @Information Disclosure System

: : : . Mini seminars for students
3. Dissemination to Young Generation » ORI | y

Should consider efforts to involve young generation

®Kids’ lab classes/site tours

Panel Exhibition in Tomakomai Kids' lab class Site Tours Information disclosure system

in Tomakomai City Hall

Outreach Activities (JFY2019)

Site Visitors: 2168 people
(401 from overseas)

Panel Exhibitions: 8 times
Kids’ lab classes: 3 times

Booth in Environmental 20
exhibitions: 11 times

CCS Forum: 600 people

¥

Project being conducted
with understanding and
support of local community
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2018 Hokkaido Eastern Iburi Earthquake

At 3:07am Sept. 6, 2018, a magnitude 6.7 earthquake at 37km depth occurred in central eastern part of Iburi region of Hokkaido.
Tomakomai CCS demonstration site recorded seismic intensity of lower 5.

Schematic cross section of hypocenter and injection location

Cloes SomtionakR B Positional relationship between injection area
X ¢——————  showninfigure at lower left =i ¥’ .
Colliion and epicenter
Margin of Ishikari Lowland NE Japan Arc =1< Kuril Arc - oV PR
4_WSW ___ | ENE A VBB
[ Concealed thrust fault || Usmaoi fault | | Ooyubari fault ] ufm:n ) [mBMT] | Hioo £t | /) SN e
Injection location ke : N ‘ Sn Mo\ V= \.,‘ e, a8 ! i

(Projected) S, ""dt e -:- S aaRe \ -SL SARR Y4 Reh X .

Sedimentary layers b2 & \‘ S // Nk > - 2 Ak 21
Basement rock, etc. - B e

10

: : e b
[ - RIS

Observation Well _-
OB-3 (Projected)

& o0 77
Modified from H9]-30JNOC)
20 1 Approx. 30 km Mainly from (GSJ,1996)

> Wedge Delarmnatlon /
- - - ¢! “ﬂ
Injection location 2

Depth of Hypocenter //// - 40

Fault Zone at Eastern Margin
q of Ishikari Lowland

r _y / | 0 20km Bad
P(‘ ’éx" , f§§ P V:H=1:1 ® -
e R D—
[ o il £ , acific Plat
l’ Volcanic Ejecta 2 X
Lake Snlkotsu N

¥

Schematic Geological Cross-Section

Source: Journal of the Japanese Association for Petroleum

Source Natlonal Institute of Advanced Industnal Suence Tochnology, VOL.. 65, Na. 1, Tanio [T0(2000)

and Technology; additions made by JCCS
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2018 Hokkaido Eastern Iburi Earthquake

* No indication of CO, leakage was confirmed in the reservoir pressure and temperature data. No detection of events by micro-
seismic monitoring conducted continuously in injection area.

« Stress variation caused by CO, injection at hypocenter of Eastern Iburi Earthquake was found to be about 1/1,000th of pressure
change in earth’s crust caused by earth’s tidal force.

« On Oct. 19, 2018, review meeting including experts in seismology reached common understanding: 1) No CO, leakage caused
by the earthquake, 2) No data suggesting a connection between CO, storage and earthquake. Report summarizing conclusions
was posted on JCCS homepage (https://www.japanccs.com/wp/wp-content/uploads/2019/09/Research-Report-on-Impacts-of-
Hokkaido-Eastern-Iburi-Earthquake-on-CO2-Reservoir_2nd-edition.pdf)

Bottom hole pressures, temperatures of Moebetsu Formation injection well before/after earthquake

. 22
(measured by downhole pressure and temperature sensors set close to the reservoir)
10.5 48.0
10.4 MPEb?tsu Fm. Injection Suspension 47.0
= Injection Well Temperature
& 103 IW-2 46.0 —
= 10.2 B a5.0 =,
o 101 CO: supply ag0 ©
3 10.0 suspended — Main Shock 43.0 -l.gu
ﬁ 9.9 for scheduled Pressure g Poweroutage | 420
A 9.8 maintenance 41.0 E‘-
9.7 Sensor2 400 2
9.6 39.0
Sensor | <o Resumption of Injection
9.5 38.0
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https://www.japanccs.com/wp/wp-content/uploads/2019/09/Research-Report-on-Impacts-of-Hokkaido-Eastern-Iburi-Earthquake-on-CO2-Reservoir_2nd-edition.pdf

I Measures taken by JCCS after the Hokkaido Eastern Iburi Earthquake

® 6" Sept. 2018: Magnitude 6.7 earthquake occurred

® 12t Sept 2018: Posted JCCS'’s views on HP Key points on JCCS HP:

® 19" Oct. 2018: Convened an expert review meeting 1. No relationship between CO,
injection and earthquake

2. No CO, leakage
® 21st Feb. 2019: Magnitude 5.8 aftershock occurred 23

® 21stNov. 2018: Posted summary of review meeting on HP

® 26 Feb. 2019: Posted JCCS'’s views on HP

Key principles to minimize concerns of local community and general public:

» Respond quickly

» Include technical explanation
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Summary

Results and Lessons Learned

>

>

Operation of full chain CCS system from capture to storage conducted successfully, target of
300,000 tonnes of CO, injection achieved. Monitoring operations being continued.

CO, capture process comprising a two-stage absorption system with low pressure flash tower achieved
significantly lower capture energy than conventional system

Deviated injection wells from onshore site into offshore reservoirs saved drilling cost, avoided disturbance

of marine environment and harbor operation .
Safety and reliability of CCS system demonstrated
Concerns about earthquakes and induced seismicity addressed

« Natural earthquakes have not caused damage to reservoirs; no data suggesting connection between
CO, storage and earthquakes

« Important to respond as quickly as possible, and to include technical data to minimize concerns.
Project being conducted with understanding and support of local community
« Importance of information disclosure and diligent efforts to secure understanding of local stakeholders




Thank you for your attention

Japan-CCS Co., Ltd. would like to express thanks to Ministry of Economy, Trade and Japan CCS Co., Ltd.
Industry (METI), New Energy and Industrial Technology Development Organization J -
(NEDO) for kind ppermission to disclose information. RN IApances.cam




