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SOME HOUSEKEEPING ITEMS

Two Options for Audio (select audio mode):

1. Listen through your computer.

> Please select the "mic and speakers” radio button on the right hand audio
pane display

2. Listen by telephone.

> Please select the "telephone” option in the right-hand display, and a phone
number and PIN will display.

3. Panelists - Please mute your audio device when not presenting

4. Technical Difficulties:
> Contact the GoToWebinars Help Desk: 888.259.3826
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SOME HOUSEKEEPING ITEMS (CONTINUED)

To ask a question

» Select the ‘Questions’ pane on your screen and type in your
question

Share with others or watch it again

> A video/audio recording of this Webinar and the slide decks will
be made available at:

https://www.youtube.com/user/cleanenergypolicy

https://cleanenergysolutions.org/training/carbon-capture
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Brian Allison

CEM CCUS Initiative Co-Lead

Department for Business, Energy, and Industrial Strategy
UK Government

Brian has developed UK energy policy since 2002; he joined the BEIS CCUS
Policy Team in 2010 and leads on CCUS R&D, innovation and international
collaboration. Brian represents the UK on the Technical Group of the Carbon
Sequestration Leadership Forum (CSLF), IEA Greenhouse Gas R&D Programme
(IEAGHG) and co-leads the CCUS CEM Initiative where he is pursuing, in line
with the BEIS Clean Growth Strategy, opportunities to encourage the
development of CCUS R&D internationally.

Brian is the UK lead for the CCUS “ACT"” (Accelerating CCUS Technologies) grant
programme where he works with a number of international consortium
partners. He is the co-lead for the Mission Innovation Carbon Capture and
Storage Challenge.

Brian is also an Associate Lecturer with The Open University, where he tutors on
their Renewable Energy and Communication and Information Technology
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Yoshihiro Sawada
Corporate Adviser
General Manager,
International Affairs Dept.
Japan CCS Co., Ltd.

Joining Japan CCS in 2010, Mr. Yoshihiro Sawada has served as Executive
Managing Director and President of the Plant Division between 2015 and 2017,
and Corporate Adviser and General Manager of the International Affairs Dept.
since 2017.

Between 2004 and 2009, he was with Japan Continental Shelf Survey Corp.,
with the mission to extend the outer limits of the continental shelf of Japan,
serving as president between 2007 and 2009.

Prior to this, he was involved in research, engineering and construction of
offshore structures and pipelines at Nippon Steel Corp., which he joined in
1977.

Mr. Sawada holds a M.S. (Civil Engineering), from the University of Tokyo and
University of New York, and a Bachelor (Civil Engineering) from the University

of Tokyo, and is a certified Professional Engineer of Japan. C CARBON CAPTURE
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Jiro Tanaka

Associate General Manager,
International Affairs Dept.
Japan CCS Co., Ltd.

Jiro Tanaka has over 35 years’ experience in the oil and gas industry. Mr. Tanaka
joined the International Affairs Dept. of Japan CCS in June 2016, which was
newly established to engage in international activities such as information
sharing and collaboration.

Prior to this, he was General Manager - Business Development in the Asia-
Oceania and International Oil & Gas Divisions of Japan Petroleum Exploration

Co. Ltd. (JAPEX), a leading Japanese oil & gas exploration and production
company.

Mr. Tanaka joined JAPEX in April 1980 after receiving a B.S. degree in
geophysics from the University of Tokyo.
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Yukihiro Kawaguchi
Director, Global Environmental Affairs Office
Ministry of Economy, Trade and Industry

Yukihiro Kawaguchi is the Director of the Global Environmental Affairs Office - in
charge of international relations on climate change issues in the Ministry of
Economy, Trade and Industry (METI) of Japan. Mr. Kawaguchi is also in charge
of CCUS policy and technology development.

Mr. Kawaguchi previously served as the Director of the Global Environment
Partnership Office and as the Deputy Director of the Environmental Policy
Division and the Environmental Economy Office in METI. Mr. Kawaguchi was also
the Secretary General of the Japan Business Council in Europe.

Mr. Kawaguchi obtained a Bachelor of Arts in economics from Waseda University
and a Master of Arts in public affairs from the School of International and Public
Affairs at Columbia University.
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Clean Energy Ministerial: global process to accelerate clean energy

Clean energy
investments

Global CO,

o I Clean Energy Ministerial participant
emissions
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CEM CCUS Initiative Member Governments

S U S
e United States South Africa
~—h
Saudi Arabia
United Kingcom
Japan
|||| @gggf
United Arab Emirates Mexico

Observer:

_ >\
Netherlands (UU;
ACCELERATING CCUS TOGETHER

AN INITIATIVE OF THE CLEAN ENERGY MINISTERIAL

China

Canada




Accelerating CCUS Together by:

1. Actively including CCUS within global clean energy agenda

2. Bringing together the private sector, governments and the
Investment community

3. Facilitating identification of both near and longer-term
investment opportunities

4. Disseminating best practice in CCUS policy, regulation and
Investment
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Interested in our work? Want to know more?

FOLLOW OUR ACTIVITIES:

@% https://www.cleanenergyministerial.org/initiatives

m https://www.linkedin.com/company/clean-energy-ministerial-ccus-initiative/
, @ccuscem

[ > | https://www.youtube.com/playlist?list=PLKRmGa9s99JVssP8Gb5buwLg3BIt1llls
CONTACT US:

DA cemccus@outlook.com
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I Tomakomai CCS Demonstration Project Summary Report - Background

« The Tomakomai CCS Demonstration Project commenced CO, injection into deep saline aquifers in April 2016.
« On Nov. 22, 2019, the project achieved the target of 300 thousand tonnes cumulative CO, injection.

« METIM, NEDO® and JCCS®) convened expert review meetings to discuss and summarize the issues of the project,
compiled the results and released a Summary Report.

(1) METI: Ministry of Economy, Trade and Industry 15

(2) NEDO: New Energy and Industrial Technology Development Organization
(3) JCCS: Japan CCS Co., Ltd.

This presentation is based on the Summary Report and relevant material.

- CcCcS
Japan CCS Co., Ltd.



Tomakomai CCS Demonstration Project at 300 thousand tonnes cumulative injection
CEM CCUS Initiative Webinar: CCUS in Japan, June 25, 2020

Part I Yoshihiro Sawada

Overview of Tomakomai CCS Demonstration Project

Key Results of Tomakomai Project .

Part I Jiro Tanaka

Public Engagement and Issues

Summary
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Tomakomai CCS Demonstration Project at 300 thousand tonnes cumulative injection
CEM CCUS Initiative Webinar: CCUS in Japan, June 25, 2020

Part I Yoshihiro Sawada

Overview of Tomakomai CCS Demonstration Project .

Key Results of Tomakomai Project
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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
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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

20

CO2 Injection

02 capture/storage

Baseline

Monitonng Moniton'ng

Copyright 2020 Japan CCS Co., Ltd. JCCS
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Project Scheme

« Aportion 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

Compressors

Pipeline 1.4km
Injection wells

Offgas CO, capture capacity 2 wells
Containing CO, = 200,000 tonnes/year

Hydrogen production unit of
existing oil refinery

Offshore Tomakomai 51

Reservoir
Typical PSA offgas
composition (vol%) Moebetsu Formation : Sandstone layers
[ 1,000 —1,200m sub-seabed
CO, | 51.6
H, | 38.8 Cap rock
CH,| 6.6
CO| 23
0] 0.7
Takionue Formation : Volcanic rock layers P r% o
2,400 —3,000m sub-seabed }{’%ﬁ"i‘éw m}-

Japan CCS Co., Ltd.



Bird’s Eye View of Tomakomai Capture/lnjection Facilities

b

C0; absorption tower

CO; stripping tower
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e Flow of PSA offgas
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CO, rich gas from refinery is sent to the
CO, absorption tower

Captured CO, is compressed and sent
to injection wells
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CO, Injection and Storage

Schematic diagram of geologic layers and injection wells
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0 N N . o * The captured CO,is compressed and
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Moebetsu Fm. Quaternary sediments . reservoirs at different depths — Moebetsu
-400 1 ro- . .
\ Injection Well for and Takinoue formations by two
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Location of Monitoring Facilities
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Observation well OB-1
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(deviated) _ ¥ OBS (Ocean Bottom Seismometer): used for

Telephone and
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Wellhead

Receiver line:area of

monitoring of micro-seismicity and natural
earthquakes.

4 OBC (Ocean Bottom Cable): used for 2D

3D seismic survey S : seismic survey and monitoring of micro-
- : seismicity and natural earthquakes.

“Observation well
0B-1

Image: LC81070302016141LGNOO, courtesy of the U.S. Geological Survey, text 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
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Monitored Iltems

Equipment/Work Monitored ltems
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 Captured CO,

Low-pressure
€O, approx. 0.1% Flas:Tower Purity~99.4%

Lean Amine ®

w
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Tower ’L 26
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Approx. 50% CO, . 4——— Steam
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Amine
)
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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 (299.9%), purity (299%), 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; 28

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 253 24.3 26.4 253
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/it-CO, 1.20 1.16 1.18 Target:1.22

- CcCcS
Japan CCS Co., Ltd.



Results of CO, Injection

Injection record of Moebetsu Formation

» Achieved 300,110 tonnes cumulative .
O . @ April 1st, 2016 —December 31st, 2019
CO, injection into 2 reservoirs at
diﬁerent depths (Moebetsu Formation Injection Rate = === Cumulative Injection Bottom Hoke Temperature = ——Bottom Hole Temperature
— 300,012 tonnes, Takinoue Formation 350 14.0
— 98 tonnes). =
[
. >
* Maximum values recorded by PT S & 300 13.0
R Upper Iimit of injection pressure 12.6MPaG "/
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Results of Micro-seismicity Monitoring

Events detected in micro-seismicity monitoring area
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No micro-seismicity or natural
earthquakes attributable to CO,
injection were detected in vicinity
of injection area between startup
of injection and December 2019,
including before and after 2018
Hokkaido Eastern Iburi
Earthquake.

30

Micro-seismic events detected in the micro-seismicity monitoring area

Moebetsu Fm injection (Apr.6, 2016 to Nov.22, 2019, with suspended periods)
Takinoue Fm injection (Feb.6 2018 to Feb.23, 2018,Jul.31, 2018 to Sep.1, 2018)

Period : Feb. 1, 2015 - May 30, 2020

Number of evens
O N WRARUUIO

Moebetsu Fm
injection startup (Apr. 6, 2016)

Hokkaido Eastern Iburi Earthquake
Magnitude 6.7 (Sep. 6, 2018)

Takinoue Fm injection
startup (Feb. 6, 2018)

Moebetsu Fm
end of injection (Nov. 22, 2020)
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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 ) 34 monitor survey (207,209 tonnes; JFY2018 )

cross-line no. cross-line no.
o 50, 100 1% 200 220 0. . . 50 100  1s0 200 250
1 km LY 4
N < > o ' N <€
: T 31
50 ] 50 -
S | s
e 2
2 100 - - [RMS  100- -
— T —
_I i 1] i V] —|
£ =
150- - 150 -
| RMS amplitude of difference volume | RMS amplitude of difference volume
time window : 970-1,050msec. { time window : 970-1,050msec.
200 -+— 1 M B 200 +— LI L P ————

% 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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Results of Marine Environmental Surveys

* Quarterly (seasonal) marine environmental surveys are required in accordance with the domestic “Act on Prevention of Marine
Pollution and Maritime Disaster”.

Threshold of monitoring stage shift and observed values
*  FY2016 spring and FY2017 summer, winter surveys

2 650 Former threshold line recorded data exceeding former threshold (derived
£ 600 ;fepdﬁrct':;“n'tlgie%gaﬁ from baseline survey conducted from FY2013 summer
50 LM using baseline data - FY2014 spring). Based on results including
o) —— Threshold line using confirmation surveys, MOE expressed view that
8 500 - 4,,\.\ data from baseline to “phenomena indicating CO, leakage or the risk thereof 32
S 450 RN -+ were not confirmed” (former threshold curve was
O ':;r}t‘"{ | | derived from only 1 years’ data and insufficient in
o 400 WL 0} B N Baseline: @ <oring & summer Wl reflecting natural variations; multiple years’ data is
; 350 2 A .7. ~~~~ s FY2016: @ spring ¢ summer A needed)_
)] winter
g 300 N ~ izvcv’ilnlfsp””g ¢ summer M fal * Threshold was revised in summer of FY2018;
S A% izo;izospring 4 summer M fall thereafter, no data exceeding threshold has been
& % sz\gg?r observed.
200

700 750 800 850 90.0 950 100.0 105.0 110.0 115.0
Dissolved oxygen saturation (DO: %)
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Compliance with Laws and Regulations & Issues (1)

Laws applied to conduct project

« As Japan has no CCS specific laws (excluding sub-seabed CO, storage), existing laws and regulations were applied to govern
operation of project facilities.

v' CO, capture facilities: High Pressure Gas Safety Act, Industrial Safety and Health Act, Gas Business Act
v' Safety standards of injection/storage facilities and injection operations: Mining Act, Mining Safety Act
v' Sub-seabed dumping (geologic storage) of CO,: Act on Prevention of Marine Pollution and Maritime Disaster (“Monitoring Plan”

ursuant to Act was followed . cress
P ) Laws applied to surface facilities, CO, storage

Heavy Oil A

R ini Iﬁ Higt boil Steam turbine for

_)[ Low-pressure boiler ]—)[ Amine reboiler ]

GaseousCO;
C0,>99%

Injection well for Moebetsu Fm.

CO, Absorption
/Flash, Stripping

low pressure
compression

Gas Business Act

co,
Storage

High Pressure Gas Safety Act

Injection well for Takinoue Fm.
Electricity Business Act high pressure
compression

—_— Industrial Safety and Health Act /// ////
co, Act on Prevention of Marine Pollution
Storage and Maritime Disaster Storges

)
)
—_— D Fire Service Act, Electricity Business Act
)
]

JCCS
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Compliance with Laws and Regulations & Issues (2)

Marine environmental surveys

* Following issues have become apparent in the implementation of marine environmental surveys in accordance with “Monitoring
Plan” pursuant to Act on Prevention of Marine Pollution and Maritime Disaster

v" Possibility that index currently used to detect possible CO, leakage into sea could generate false positives caused by
natural variations rather than actual leakage

v' Effectiveness of surveying the sea-bottom soil and condition of marine organisms as a method of detecting CO, leakage
believed to be low

v" Issues should be taken into account in application procedure for next period of CO, storage permit (FY2021~2025), with a
view to reduce current number of survey points, survey frequency, survey items

34

CO, Storage

* Long term liability regarding storage location and stored CO,

v Provisions for long term liability and the transfer of such liability not yet established in Japan; only mention in Act on
Prevention of Marine Pollution and Maritime Disaster that as long as there is storage (dumping) of CO, in subsurface,
implementer shall continue monitoring

= Legal and regulatory framework for CCS is needed

- CcCcS
Japan CCS Co., Ltd.



Cost Estimation of Commercial Model

(JPY/t-CO,)

Based on Tomakomai demonstration data, conducted cost estimation of 200-thousand tonnes/yr commercial model, and 1-
million-tonnes/yr commercial model under similar conditions and certain assumptions.

CCS Cost 200-thousand-ton commercial model 1-million-ton commercial model
1) Capture / Injection
CAPEX 852 590
OPEX 4,720 4,079
Total 5,572 4,669
2) Injection wells / Storage
CAPEX 922 369 35
OPEX 4,635 1,148
Total 5,557 1,517
3) Grand Total
Captured 11,129 (=103 USD/t-CO,) 6,186 (=57 USD/t-CO,)
Avoided 13,328 (=123 USD/t-CO,) 7,261 (=67 USD/t-CO,)
4) CO, emission factor (t-CO, emitted from capture/injection facilities) = (t-CO, captured/injected)
t-CO.,/t-CO, 0.165 0.148

(1USD=108JPY)

« CO, source gas is separated from PSA upstream; treated off-gas is returned to PSA upstream.

CO, transportation cost not included; facility housing, operator labor costs assumed to be provided by refinery and not included.
Fuel gas unit cost: JPY1,205/GJ (equivalent to JPY48.2/Nm3), electricity unit cost: JPY10.84/kWh (excluding consumption tax).
Captured cost: CCS cost/injected CO, amount; Avoided cost: CCS cost/(injected CO, amount — CO, generated by CCS)

JCCS

Japan CCS Co., Ltd.



Tomakomai CCS Demonstration Project at 300 thousand tonnes cumulative injection
CEM CCUS Initiative Webinar: CCUS in Japan, June 25, 2020

Part I Jiro Tanaka

Public Engagement and Issues 36

Summary
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Public Outreach Activities

Voice of Tomakomai Citizens Outreach Activities Outreach Activities (JFY2019)
: : ite Visitors: 21 |
1. Information Disclosure = 3(0231 ;f;ﬁrgversg s)eop e

Thorough disclosure should be made OPanel Exhibitions
@Forum for Tomakomai Citizens » Mini seminars: 27 times

Site Tours Panel Exhibitions: 8 times
2. Safety/CO, leakage Memtannars » 2
Want more detailed information »Disclosure Plan @iInformation Disclosure System Kids’ lab classes: 3 times
on risk of CO, leakage
Booth in Environmental 38

exhibitions: 11 times

3. Dissemination to Young Generation » O el s ol sl

. . . » CCS Forum: 600 people
Should consider efforts to involve young generation

¥

Project being conducted
with understanding and
support of local community

®Kids’ lab classes/site tours

Outreach Activ_iEieE:

L™ - P

Panel Exhibition in Tomakomai Kids‘ lab class : Site Tours Information disclosure system
in Tomakomai City Hall

- CcCS
Japan CCS Co., Ltd.



Public Outreach - Issues

» Public awareness of CCS in Japan still very low - knowledge enhancement activities should be continued

* When carrying out CCS in a new area, important to have local community know that government is
responsibly advancing project, implement activities that suit the region, then build a trusting relationship with local community

ccsmas Mhikambs C c Sl

FE-HATRE aE:E4HCCEEANMN @

8 ot - N ot IR

39

Site Tours Forum for Tomakomai Citizens
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International Activities and Future Steps

« Tomakomai CCS Demonstration Project is a rare project in the world in which government, private sector, local community joined
efforts to steadily achieve results, experienced world's first occurrence of a major earthquake near injection area, and continued
onwards

« Demonstration site has received over 1,400 international visitors comprising government officials, national companies,
embassies, private companies, CCS research organizations, thinktanks, consortiums, universities, academia, banks and
financial organizations, media

« Key future objective will be to increase opportunities to gain experience through collaboration, cooperation with international
undertakings and deepen knowledge, accumulate know-how to overcome issues common to Japan and abroad, alleviate various
barriers to CCS through international cooperation

* Present situation is that discussions regarding legal framework for CCS and conceptual design of business models are more 40
advanced overseas. Important as well as an effective approach that Japan actively participate in international discussion, obtain
information from various matters such as role of public and private sector

International Visitors to Tomakomai CCS Demonstration Center

1600

1400

1200

200

Number of visitors

600

400

200

= )
Signing of MOU by International CSLF Recognition of Tomakomai Visit of CEO of
CCS Knowledge Centre and JCCS CCS Demonstration Project Global CCS Institute

JCCS

Japan CCS Co., Ltd.



2018 Hokkaido Eastern |buri 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

Cross-section along Line X-X'

x G chownin figure at lower left  =————— X'

e
Margin of Ishikari Lowland | NE Japan Arc | Kuril Arc

Positional relationship between injection area
and epicenter
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Source: Journal of the Japanese Association for Petroleum
Technology, VOL. 65, No. 1, Tanio ITO (2000)

My

Source: National Institute of Advanced Industnal Suenc
and Technology; additions made by JCCS
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2018 Hokkaido Eastern |buri 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

. 42
(measured by downhole pressure and temperature sensors set close to the reservoir)
10.5 48.0
10.4 M‘?Eb?tsu Fm. Injection Suspension 47.0
= Injection Well Temperature !
& 103 46.0 —
= 10.2 IW-2 450,
o 101 CO: supply a4.0 @
=2 10.0 suspended — Main Shock 43.0 -,gu
ﬁ 9.9 for scheduled Pressure g Poweroutage 420 g
o 9.8 maintenance 41.0 E-
9.7 Sensor2 40.0 2
9.6_y——n i . N 39.0
Sensor 1 = —-Resumption of Injection 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 JCCS on HP Key points on JCCS HP:

® 19t 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 43

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

® 26t Feb. 2019: Posted JCCS'’s views on HP

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

» Respond quickly

» Include technical explanation

Copyright 2020 Japan CCS Co., Ltd. JCCS
Japan CCS Co., Ltd.
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I Summary

Key Results

» 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 seismicity (Mw > -0.5) detected in/around depth range of reservoirs before/during injection

» Project being conducted with understanding and support of local community

Remaining Issues

> Legal and regulatory framework for CCS is needed
» Public awareness of CCS is still low

- CcCcS
Japan CCS Co., Ltd.



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 jpermission to disclose information. Ao viEpahceR.comy
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Japan’s Long-term Strategy under the Paris Agreement

= Basic Concept

v Accomplish “decarbonized society” as early
as possible in the second half of this
century

v Take measures towards the reduction of
GHGs emissions by 80% by 2050

v Realize “a virtuous cycle of environment
and growth”

~

The Long-term Strategy
under the Paris Agreement

June 2019
(Cabinet decision, June 11, 2019)
The Government of Japan

Japan’s Long-term Strategy specifies
CCUS as one of the key technologies
for accomplishing “decarbonized society”



Implications of 80% reduction for Japan

<GHG Emissions>

(100 million t)
(100 million t) 15.0 141 2 Others
4.0
3.6 - ® Transportation
35 —
m Residential
55 ~— reauction = Commercial
®m Energy Conversion
LS — - 2.0 - (electricity, etc.)
1.0 — 2.5~2.8
0 —— E—
0.0 0.0 - ‘ ' * Emissions from
2013 FY 2013 FY 2050 FY Agriculture is 0.4

49



Two milestones for CCS in Japan

> [R]esearch and development will be conducted with a view to practical use of the
CCUS technology around 2020

The 5th Strategic Energy Plan (July 2018)

————————————————————————————————————————————————————————————————————————————————————————————————————————————

:> Achievement of 300,000 tonnes cumulative COZ2 injection of Tomakomai CCS
. demonstration project proved CCS is a safe and secure system in Japan.

_____________________________________________________________________________________________________________________________________________________________________

> [lIIntroduction of the CCS by 2030 in the coal-fired power generation will be
considered, with a view to commercialization.

The Long-term Strategy
under the Paris Agreement (June 2019)



Study for introduction of CCS (Oct.2019-Mar.2020)

> Participation from industries

v’ Electric Power, steel and chemical industries acknowledged CCS as indispensable
technology for their decarbonization.

> Integrated model analysis

v' The availability of CCS will help to reduce the cost of emission reductions after
2030 under any scenarios.

v In the case of 80% GHG emission reduction in Japan, no feasible solution could be
obtained in the case where CCS is not utilized.

v CO2 storage in 2050 is estimated to be about 92MtCO2/year in the standard case
and 182MtCO2/year in the expansion case.



Business models

[initial stage])

Compressor
o o

Pipeline

Ammonia production / Natural gas production Underground

U formation-rich sites.

Reduce costs, Reduce uncertainty, Improve social acceptance, and
Enhance the business environment, etc.

[growth stage]

\
¢ O
pipeline
@ > Liguefied CO2 Ship

Large_sca|e emissions Compr‘eSSOF Tink m Ta@nkQ OnShore OnShOFe-OffShore Offshore

) Liquefaction PreSSur—e booster) SOUFCG'
/Temperature booster GCCSI(2020)
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(million t) =

250

Challenges & time-frame image

> Cost reduction
Need to enhance » Incentives

business environment  J > |egal framework (incl. long-term liability)
for commercialization > Site survey for large-scale (>0.1 billion-ton) storage

> Public Acceptance

5. Maturity
stage

4. Acceleration
stage
~100 million
tons
(Hub&Cluster)

200 Rather than linear introduction of CCS,
gradual expansion while reducing cost
is more acceptable.

150

100

i, ' 2. Growth

’ \ stage

3. Expansion stage
Tens of millions ton

I Site evaluation/FS (around 4 years)
+ Construction (around 4 years)

1. Initial stage, millions ton

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

(year) 53



Tomakomai CCS Demonstration Project and Carbon Recycling

> Achieved initial target of approximately 300,000 tonnes cumulative injection in November 2019.
> Utilize the Tomakomai CCS facility effectively and promote the development of “Carbon
Recycling”.

*Carbon recycling: Considering CO2 as source for Carbon, capture CO2 then utilize and recycle it
as Carbon compounds.

CCS —_—n\p———— -| Carbon Recycling )— ——
I

C02 Chemicals

CO2,H2 » ‘
Mixed gas [ Capture facility ] Synthetic
facility

' 4 ] s

coz2 Power Synthesized Cher_nlcals
Injection hemical Refinery
facility generator chemicals facility

—r Fr F F F F F F F F T F T 4

------------- JL------------------‘
The i f th i i
f:C'imjiirOC;rso”neW SR TN f & <The image of Carbon Recycling
Recveling S G WY . /4 | demonstration at Tomakomai>
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CCS demonstration projects
- Hub & Cluster model in Japan at initial stage (2023-)?

CO2 transport ship

Study started from 2020.

Recycling*

carbon recycling* facility

Capture started from
Dec.2019.

Coal fired plant with solid
sorbent for CO2 capture

Biomass power plant with CO2 Capture will start 2023.

capture

Capture will start from 2020. 55



Japan’s worldwide cooperation for CCUS development & deployment

EU:

v Joint Press Statement
including CCUS at G20
Karuizawa

UK:

v MoC between METI-BEIS
including CCUS

v METI-BEIS CCUS Workshop

Saudi Arabia :

v Saudi-Japan vision 2030 2.0

v FS for CO2 free-ammonia
supply with CCUS

Indonesia :
v MOC including CCUS
at G20 Karuizawa

v FS for applying CCUS to JCME-

Canada:

v MOC including CCUS
at G20 Karuizawa

v MOC between JCCS and ,
International CCS Knowledge
Centre (Saskatchewan) "

USA:

v MOC on the CCS collaboration

v Research cooperation on
microbubbles and optical fibers
at North Dakota

v Petra Nova CO2EOR project

Australia:

v MOC including CCUS
at G20Karuizawa

v Hydrogen Energy
Supply Chain Project

Multilateral Collaboration
(CEM,CSLF,IEA,IEAGHG,GCCSI-+)

]




QUESTION AND ANSWER SESSION

Brian Allison

CEM CCUS Initiative Co-Lead

Department for Business,
Energy, and Industrial
Strategy

UK Government

Yoshihiro Sawada

Corporate Adviser,
General Manager

International Affairs
Dept.

Japan CCS Co., Ltd.

Jiro Tanaka

Associate General
Manager

International Affairs
Dept.

Japan CCS Co., Ltd.

Yukihiro Kawaguchi
Director

Global Environmental
Affairs Office

Ministry of Economy,
Trade and Industry

Webinar recordings provided on
YouTube

; \CARBON CAPTURE,
https://www.youtube.com/user/cleanenergypolicy C02 UTILIZATION & STORAGE
ACCELERATING CCUS TOGETHER

AN INITIATIVE OF THE CLEAN ENERGY MINISTERIAL


https://www.youtube.com/user/cleanenergypolicy

Interested in our work? Want to know more?

FOLLOW OUR ACTIVITIES:

@% https://www.cleanenergyministerial.org/initiatives

m https://www.linkedin.com/company/clean-energy-ministerial-ccus-initiative/
, @ccuscem

[ > | https://www.youtube.com/playlist?list=PLKRmGa9s99JVssP8Gb5buwLg3BIt1llls

CEM CCUS Initiative Members:
CONTACT US:

cemccus@outlook.com

Observer:

AN INITIATIVE OF THE CLEAN ENERGY MINISTERIAL



https://www.linkedin.com/company/clean-energy-ministerial-ccus-initiative/
mailto:cemccus@outlook.com
https://www.youtube.com/playlist?list=PLKRmGa9s99JVssP8Gb5buwLg3BIt1IlIs
https://www.cleanenergyministerial.org/initiatives

ACCELERATING CCUS TOGETHER

AN INITIATIVE OF THE CLEAN ENERGY MINISTERIAL

]
tl.-ln.n\L
ACCELERA MG O

AN INITIATIVE OF THE CLEAN ENERGY MINISTERIAL
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