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As of 202404

L mimy

Ministry of the Environment

Measures against plastic pollution, including microplastics

Office of Policies against Marine Plastics Pollution,
Marine Environment Division,
Ministry of the Environment, Japan

% o~
Policies against Marine Plastics Pollution in Japan -
Legal / Policy Framework
~ the Act on Promoting the Treatment of Manine Debris (2009, amended in 2018) > the Basic Policy on
the Comprehensive and Effective Promotion of Measures Against Marine Debris under the Act (2009,
2019) #--- Promotion Council for Marine Litter Policy
» Resource Circulation Strategy for Plastics (2019) * ; Japan Action Plan for Marine Plastic Litter (2019)
» Act on Promotion of Resource Circulation for Plastics (2021 (enforced in 2022)) %

+ the Act on Prevention of Marine Pellution and Maritirme Disaster (1970, amended in 201 7) ete

| Measures /" ® Monitoring N
Life cycle approach ~ Science based approach : @ Data Harmonization
' @ Inventory of discharged

3R (Reduce. Reuse, Recycie) Tochmologica  Suppert for .' ko
| amount (estimation)
| Inui;rmmmny |m:;iﬁ.¢nnlhcﬂoﬂ
lendiy and appropriate
i product design treatment of waste

« plastics

. ; 1 r >
» ‘s LAYy
-
+p ® n . d B -
o L

LMLEP AN b .
| Less materal g o Developmint
| Easty disasseritien af Cebulage

v
\ Uee of retyclable matenals
b Plastic waste recyclng tacity

!
| | 4# Ecological Impact J
|
|

\_ Assessment ‘ y
® Policy making
® Progress tracking and effectiveness
assessment

e Manne Fter
based piekup by this putise
i asiadds

N




| Basic Policy on't ) L
\ i

® Promote treatment of floating litter etc, which cause problems to local residents and/or economic activities such as those |
of _the fishlng_ mdus’_cn,_r and tourism |n_d Justry, | t_hrt)ﬁg_h gaining cooperation from fish_e_ry operators, etc. !

(2 Effective Reduction of Generation of Marine Debris

(1) Establishment of Recycling Society through Promotion of 3R
® Reduce the generation of waste plastics by reducing single-use plastic containers, packaging and products. |

- @ Promote effective, efficient and sustainable recycling, usage of biodegradable plastics and recycled materials, and ensure |
appropriate disposal of waste plastics _
(2) Reduce the flow of microplastics into the sea
i ® Business entities should make efforts to reduce the usage of microplastics to prevent them from flowing into the sea by
reducing the usage of microbeads contained in rinse-off scrubhing products |

| ® The government will promote research and survezs on the distribution/discharge and impact on ecosystems of |
[ microplastics in marine areas, rivers, lakes, and other public waters.

— — - N —————

3Ensure Appropriate Division of Roles and Coordination among Various Actors

(1) Enhance nationwide coordination among the national and local governments, individuals, private organizations, and
business entities g

1 (2) Promote active participations through commendation, etc. @ Plastic:
i (3) Enhance coordination among researchers @ Smant |

@Ensure International Coordination and Promote International Cooperation

(1) Actively engage in global initiatives
i (2) Promote coordination and cooperation among the related countries in Asia etc
(3) Support measures to reduce the generation in the developing countries
- (4) Establish monitoring and research network on a global scale

L - e i et 8
Japan's Resource Circulation Strategy for Plastics
| e ’. 3 es L i ’ o "
| b s smmsem bt Bagie Principle: “3Rs + Renewable [Target] .
~ Reduce single-use plastics (“pncing” such as mandatory charge on plastic bags <Reduce>
R L gl ) s(i&ng;a%%ﬁeduction of 25% of single-use
- Easy\-undursland_ing and sd_‘l‘acswslsegmgaﬁnn ar: soirce and recyciing of plastic ‘ROUSBIROCYCIG’
Recycle , I!inimize s :ai?:;g o e o (2) Reusable/recyclable design by 2025
- MQD domeslic resource circulation system given embargoes of Asian &3; ﬁeu\seﬂ-e%gfon’fo of containers 8nd
countries : ckaging by
> 1 and infr ture developmen 100% effective u f used plastics by 203
B e | V] e aye el pinsicy by D
P EITE - Handling of chemical ingredient information cy g
SR, Use bio-plasiics such as bumable waste bags (5) Double the use of recycled amount by 2030
SRR F A SRS AR 0 R ok e (6) Introduce 2 million tons of bio-plastics by 2030

Aiming for prevention of manne pollution caused by outflow of plastic waste (marine plastic zero emission) A

~ Proper disposal and eliminate ittering and illegal dumping ~ Micrupiastic discharge reducian thorough reduction of microbeads in scrub
» Collection and proper trealmenl of coastal drift litier products by 2020 sl

» Data collection ol marine wasle by advanced monitoring methods ~ Promote allernative innovation

SIS~ Support emerging countries by tailor-made comprehansive suppart of soft and hard infrasiructure and technology
Ll LU -~ Develop global moniloring and research network: marine plastic distribution. study ecological impact, standardizalion of manitoring melhods etc

~ Establishmen! of social syst by soft and hard recycling infrastructure and supply chain structunng ~ Promote recycling indusires

RSN - Technology development (renewable resource subslilutes, iInnavalive recycling lechnologies.

development consumer hfeslyls innovation) = information infrastructure (ESG investment. ethical
» Study and research on \mpaci of microp s dscharge cond . discharge reduction measures consumption)
» 'Plastics Smart” mavement ~ Infrastructure for giobal collaboration

i

% Not only solve worldwide resource and environmental lssues, but also contribute to economic growth and employment creation
= Contribute to sustainable development
4 Promole investment and innovation of technology and consumer lifestyle through collaboration with all the stakeholders a




B

ACt bl"l Promot'on of RGSOUI’W Circulation for P'BS&CS (Act Mo 60 of 2021)

This Act addresses whole lifecycle of plastics

r Deangn;Manufac'unng Design for the Environment

The government certifies products designed in accordance with the statutory guidelines for design for
the environment and procures preferentially the certified products (under the Act on Promoting Green

Procurement).

Reduce: - . RE_WCIE: Renewable : 1().00.4_.
replaceable ~ design for recycled plastic

bottle :~'. disassembly

' ] : : . Retailers and restaurants
| 2. Sales/Provision Reduction of Single-use Plastics —_— il

K
Retailers and service providers are required to reduce single-use
plastics through, for instance,
rewarding programs for consumers who refuse single- use plastics
charging for single-use plastics
switching to alternative materials

3. l‘l|sghargefColiel:t|c:r|/Ru.c~,1clmg '

MOE’s survey/monitori dean uidelines related to plastics f
Into the Ma r{e envlmnnn%ént kil g

6 Good Practices
for measures to
control marine
debris generation

Discharge through
waterways and drainage

1)Street litter
survey gurdelmes

Illegal dumping ’ ;;a»
% .ﬁ ,
, ‘ Street litter .
Il‘! the city <> -
LILLENING
2Collection of 0 <>

reference 7
materials for river

litter survey

L%

WV 1

A Zutﬂow from

Outflow from land @River MP monitoring the harbor
through rivers, etc. Guidelines

Deterioration of products
used outdoors

~

Littering on the riverbed

5 Guidance for regional
planning based on the Act on
Promoting the Treatment of \
Marine Debris

. Outflow from the coas
3 Beach‘tl‘ltter _ﬁomﬂow from the ship
composition Garbage washed | dl éz/(/\

up on the beach 6

Outflow in the

Littering on the beach sea area - Monit

survey guidelines




Assessment of leakage

Beach litter 2010~

Caollect and summarize the amount, types, and composition of beach litter, , :
and the language of plastic bottles on beaches. A
(28 sites in total with some sites surveyed periodically) #a- pre

{Survey method) ) ;
® All beach litter of 2.5 cm or Ig:};er within a 50-meter survey area is collected and classified at beaches
that are not frequently clean
® From 2020, the survey entity was change from MOEJ to local governments to expand survey sites and .
continuous surve{s at the same sites to understand the changes over time. Survey sites
® From 2014 to 2018, microplastics were also collected to examine PCBs and other harmful chemicals (2015~2019)
adsorbed on microplastics.

Floating macro litter (Visual observation) 2014~ Seafloor litter 2014~

Count floating macro litter on the sea surface in coastal and offshore areas of g
; A g Collect seafloor litter in coastal and
Japan to estimate the density and amount of litter in each area.
(Coastal: approx.15 sites/year, Offshore: approx.800 sites/year) offshore areas of Japan & estimate
) the density of litter by sea area.

(Survey method) I
® Coastal surveys are conducted by visiting a total of 13 bays in turns. (Survey method)
® Offshore surveys are conducted in the waters of east of the Philippines, and ® Coastal surveys are conducted by
the area up to around 150 degrees east longitude. classifying litter collected by
® The number, lype, and size of litter are counted visually from a vessel, bottom trawling during fishing
\ A operalion.

® Offshore surveys are conducted in
the East China Sea, off Oarai and
off Tomakomai. Litter is collected

| by surveys using bottomn trawling.

microplastics 2014~

Survey distribution of floating microplastics in coastal and offshore areas of Japan.
(Coastal: approx. 15 sites/year, Offshore: approx. 100 sites/year)

Survey method)

Collect floating microplastics by nel during cruises for floating macro litter survey.
L] Idmtifg material using infrared rays, count the number using microscope, etc.
®From 2014 to 2019, laboratory analysis to examine PCBs and other harmful

chemicals adsorbed on microplastics were conducted (every year for coastal

samples, depending on the year for offshore samples).
£> cont. next page

Assessment of leakage

, Periodic surveys on ocean surface

Coastal waters
2015~2019 e
* Conducted surveys by visiting a total of 13 bays in the coastal area in turns to
understand the distribution status of ocean surface microplastics. (In some sites, = .
surveys were conducted multiple years in a row.)

» Conducted laboratory analysis to examine the amount of PCBs and other harmful
chemicals adsorbed on microplastics.

2020~

» Conduct fixed-point observations four times a year (spring, summer, fall, and
winter) at three sites in coastal areas facing the open sea, which are affected by Survey sites
ocean currents, in order to understand annual changes and seasonal and sea- (2015~2019)

specific characteristics.

Offshore waters e . e

2014~ - 8
+ Conduct surveys on the amount and types of % W ’;"

ocean surface microplastics. Surveys for “?:;s.r" =

approx. 100 sites per year using five vessels At ¢

have been conducted with the cooperation of " .F [l wn b ;

four universities in Japan since 2017. o &Sy [ 5t -

R . o , . : ®-

« The survey covers offshore walers around _ gy &2 o .

Japan, as well as the southern and eastern .
seas, and the area up to around 180 degrees L
east longilude.

+ Conducting surveys in the Philippine Sea, off ' Survey sites
Y Kagoshima, and east of Hokkaido (2014~2019)

e e e IR R S I;;':- A ;i';'l

Density distribution

EEE Ve e

(2014~2019)
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Assessment of leakage

Result of analysis in FY 2021 .

Black Current bow}lstream area | Kurile Current |

Upstream area

b 100
R | 3 m
g i g .
] : a .
2 .m 1 g 4n
= 1 i

] 1
§ 11 it & Iraraki Fukushima Miyagi Aomari
L Okinawa Kagoshima Mivazaki Kochi Tokushima! Mie  Aichi Shizuoka Kanagaw: Tokyo  Chiba &

Prefecture Prefecture
- ... Upstream area | Tsushima Warm Current | Downstream Seto Inland Sea
m T
n 1 ]
@ | 4
x 1l g
v!‘: s t g g
A i %
g 4 i 2
= —_
& 20y t E
g« :
Saga Yamaguchi Shimane Hyogo Kyoto Fukui Ishukawa[ Toyama Niigata Yamagata Akita Aomeri 2 Dita Ehime Kagawa Tokushima Yamaguchi Wakayama Hyogo
Prefecture Prefecture

Black (Kuroshio) current:

Okinawa, Kagoshima: more than 70 % is in Chines.

Others: more than 70% is in Japanese
Kurile (Okhotsk) Current: more than 50% is in Japanese in all prefectures
Seto Inland Sea: more than 80% is in Japanese

The latest data is available at: https://www.env.go.jp/water/post_80.html g

» Based on reliable findings, organize categories (particle size, material,
shape) and methods (SSD, key studies, etc.) to evaluate risk, and
examine no-effect concentration

» Examine estimated environmental concentrations based on the gap
between the real environment and laboratory experiments

 Effects 5
s 3. Adverse effects ;

Subcommittee for Adverse

Effects

» Collect information on testing to
assess the effects of particles

Subcommittee for Exposure Assessment
» Collect environmental measurement (monitoring)
data and advanced literature on particle size less

than 300 ym - g

. Discuss reliability criteria for
Identify the gap between the marine X

’ puc o oyl g : ble the marin & the literature /research
(concentration conversion, particle size, material, Papas
shape) (About 2 reports/person/2weeks) x 2 sets

~ Examine estimation methods for fine MPs (300
pum or smaller) based on the
monitoring /research data (300 pm or larger)

T
E

. » Consider application to risk assessment J R g;:;slgge?‘;zphcatuon to risk '




O Focus on [aquatic organisms x particle effect], which involves a
large amount of information.

Microplastics

[“Particle effect |

Ecological
Impact(s)

Chemical effect

(additives, adsorption)

<=

Impact

Target y
organisms Aquatic

organisms

Seabirds, sea
turtles,
mammals, etc.

Benthic
organisms

Human

Particle effect

v 3

Additives

Absorbed
chemical
substance

_ -
_Gap & Challenges in comparing real environment and laboratory experimentg.+
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Real Environment
(data in Ocean surface)
MOEJ research data

Labo Experiment
(Aquatic organisms)
Research papers

Challenges

Particle
Size

» > 330um due to
technology limitation
» Variation in size

» nano~10um
» Single size

Smaller size in labo
experiment (difference in
1 ~3 digit)

Different sizes & Single
size

Polymer

PE,.PET are many

PS is mainly used

Various polymer types
(PE, PET) & PS

Shape

Fibers, fragments are many

v

Beads are mainly used

Various shapes (fibers,
fragments) & beads

Unit
(density)

Mainly in numbers of
particles (particle/m3)

Mainly in volume (pg/L)

Conversion (numbers &
volume) is needed




' [summary as of FY 2022 Status of linkage between actual
_environment and laboratc xperiments (particle size

100% |
| ¢ er ve o ¥ |
@ Fish Current lower I:rl‘.'.‘i[ of .“ !t~ >~
@ Crustcesns e btained fron)’ [ Rargai & [_Range 11 |
| o Algae presentations by ,' . |
80% [ professors, literature L" Conventional lower Envn‘onmental
. Other survey, etc. l tls‘lt ofjmeasurement
= " epviron en (330 pm) measurement
" ; tal ¢ easiirement dat% is
No enwronm::: i ,«/data abundant
6% | Hmeasurem;n A 32?% # ..+« However, However, only
; owever, about ® ’f about 33% about 5%
requency | (217/351) o ® ;_{ (117/351) (13)‘351]
of Ia!bora:t:irg . #*° of laboratory of laboratory
40% %xperlmen ‘:;%0 #** experiment experiment
‘. een conductéd 5 have been have been
3 conducted conddcted
environmental
concentrations can anly be Possibility of using. the Range [1I lacks
20% | an estimation existing environmental information on
: +Cozar et al.(2014) | | measurement data for laboratary |
. risk assessment in il il ik :
-+ { > Range 11 * i
0.01 . | 1 10 100 1000 10000
Average particle size of MPs used in laboratory experiment (um)

ints vary from molecular to
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PrOJ'ectgj\ sﬁbsldlz:lt/lgn Tp Re"m o

plannin erformance

Prefectu res |
sidization  —Subsidization

Development of| | collection/treatment
regional plan Reducing generation

Various impact of
marine waste

Coastal living |.
environment

J sushima-shi;
& Nagasaki pref

@ Cause of marine / coastal waste: land based as well as sea based
® Supporting through subsidization of municipalities’ projects on:
the collection/treatment of marine / coastal waste; the measures to reduce waste generation.

Subsidy rate: 70 to 90% since FY2009
Special tax allocation for burden of local government: 80%

14




Fisheries | ()
Agency

Establish a system to
collect and dispose of litter

Domestic Promotional Programs - Cooperation with Fishery Agency

Mini tgy of
Environment
(MOE)

W

Collection of s Disposal of
waste / marine ~ i
litter retrieved e lltt?

fishing

https:/ fwww.env go jp/recycle/mise/guideline fgyogyokel

fpost_55 himi

2023

huips.//www env go jp/content /000156825 pdf

Domestic Promotional Programs - Cooperation with Local government

15

20 Prefectures and 122 Municipalities have Declared to

realize Zero Plastic Waste (as of July 31, 2022)

Population: 74,540,000 out of 125,440,000 (app

Local Blue Ocean Vision Program

Encouraging Stakcholder Cooperation

o B Mof supports local governments that
i auis] Q collaborate with local private entities to
anaw 4 : !
neus S ! implement model projects under the

More than 20 Projects since 2021 (as of 12, 2023)

rox. 60%)

Why it works

« Businesses are willing to
contribute (SDGs, plastics)

» LGs aware of public interest and
concerns

“Local Blue Ocean Vision program”. « Learning-by-doing may be
too risky (lack of methodology)

Expert advice and framing it as
“Nat Gov pilot proj” provides
reassurance, platform for coop.
Not in it for the money!

fapprox. 10,000 USD/proj)

16



- - ' ,
i Cooperation with Business sectors - 3

® Demonstration project support program
on the innovative substitute material
technologies (about 4 billion JPY for FY2023)

https://www.env.go.jp/press/press_01282.html|

% Marine Biodegradable Plastics; Bioplastics; Cellulose; Paper etc.

® Good Practices for Reducing Microplastics

o .p‘t " 't’!
A

Ceteroraton of products

BEERAER

Nt woww eiv.giogp veatir, pogt s )
https://www.env.go.jp/content/900539104. pdf

® Survey & Monitoring of plastics in the environment
(Beach, Floating, Sea Floor, River, Lake)
® |nternational cooperation:
- Capacity building on plastic waste management

- Technical training of monitoring of plastics
- G20 report on Actions against Marine Plastic Litter
- Knowledge sharing through RKC-MPD, ERIA

Guidelines for

Harmonizing Marine
Litter Monitoring
Methods using Remote
Sensing Technology
(Under Development)

17
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sampling and analysis methods through the demonstration projects and
discussions at an international expert .

v The Guidelines were prepared with the view of enabling researchers of
ocean surface microplastic monitoring to adopt similar monitoring

protocols and therefore interpret their results with a level of comparability.
(Guidelines web page: hilps //www env ga ipleontent/ 000170493 pdf )

Atlas of Ocean Microplastics (AOMI)

v Developing a marine plastic litter mapping database (AOMI)

# contains comparable global monitoring data in line with the
guideline
€ provides harmonized datasets and 2D maps on ocean surface MPs
distributions. :
v ’ t " E this M

(AOMI web page: hilps aomi env go pd (To be released)) .

-

19

Marine Litter Monitoring with remote sensing technologies o8

¢ Tomprove the comprehensiveness and efficiency of marine Iitter
monitaring, harmonizing monitoring technologies that enable continucus and efficient
manitoring over wide areas is essential.

I | Data acquisition methods Image analysis methods
T owaie WI:- 7 ~
Plattorm

| |
. Iuav[ummlm'wm Others
i Lohasiitn s Manual e
[ ekl r (Visteal) by Semantic Others
net, ROV, RGE RGB | Multisp | Multisp | RGB, | RGH, J segmentation
ete.]) ectralfh | ectralfh | LIDAR | LIDAR baunding
yperspe | yperspe [ o
ciral, ctral
| RGE, |
| LIDAR |
Beach {Dune] | TE 3 1
Sex surtaie Gl 4 7
e SR JSer RSP [FA=h| HESRStos | 8 ki Sl
Sea water columin ] { 2
S N T 1
Estuary
Arvarbank ake seacn 1 2
et M S & S = L = ==
Fivar water column
River fioor |

Table: Number of major studies on marine litter monitoring using remote sensing
technology and Scope of the guidelines [ = Target of the guidelines ver. 1.0 (2024)
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IR OVERALL GOAL

To enhance the level of data
- including associated metadata identification

| e

For supporting global data harmonization for selected key
marine debris indicators

Z2mas .. C[ureSea EUROD) ‘ Underpin the successful mitigation of plastic pollution

OUTCOME:

® A coordinated network of ocean surface microplastic data providers
initiated under the auspices of GOOS and IMDOS, with an agreement
to adhere to agreed common sampling protocol and metadata and data

UNEP GPML Data Harmonization CoP

®_-.
¥

@

= w0 . . -

& = ‘%‘ P -
g1z R ;i i

Draft metadata and a data requirements sheet based on the data
sheet provided by MOE Japan, the European Marine Observation and
Data Network (EMODnet), and NOAA National Centers for
Environmental Information (NCEI), and any other potential large data|
integrators.

LN

requirements for the UNEP GPML Digital Platform data matrix.
Roadmap towards a federated data management system for ocean
surface microplastics and selected global-scale marine debris
indicators.

GPML: Global Partnership on Plastic Pollution and
Marine Litter

21

. Global Commitment and Cooperation

5t Report in 2023:

G20 Report on ® Actions reported:
. Actions against by 30 countries and 10
! "We aim lp reduce additional pollution by marine plaslic litler to zerg by 2050 through @ | Marine Plastic organizations

L}

i comprehensive life-cycle approach that includes reducing the discharge of mismanaged E Litter (2019~)
1 plastic litter by improved wasle management and innovative solutions while recognizing |
'

the important role of plastics for society.” w:-tw . — national action plans
. \ . ! on marine plastic litter,

® 21 countries have

and 16 countries have

1024 specific indicators to
measure progress of
P efforts on MPL.

2023 G7’s commitment to end plastic pollution

Sapporo Env. Ministers Mtg: April 15-16; Hireshima Summit: May 19-21, 2023

<Summit and Env Ministers communiques>
“We are committed to end plastic pollution, with the ambition to reduce

additional plastic pollution to zero by 2040, "

<Env Ministers>

“ ..we are also committed to playing an active and constructive role to
make substantial progress in the negotiations and bring us closer to
specifying the key provisions of an ambitious international legally binding
instrument on plastic pollution...”

INC negotiation on Plastic Treaty (November 2022 ~ end of 2024)

Source: MOEJ 22
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Development of Floating
Offshore Wind in Japan

Meeting with delegation form Taiwan 8™ April 2024

Hideyuki Suzuki

Department of Systems Innovation
School of Engineering
The University of Tokyo
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Offshore Wind in Japan and
Technology Development of
Floating Offshore Wind Turbines

S o R T A e S T R R R TSRS
3
Offshore Wind in Japan

M Wind in Japan
- Moderate wind speed and typhoon
- Higher at northern waters

Source: World Bank Group




Large Energy Potential

B Energy potential of offshore wind in Japan

77% of the potential exist in deeper waters and must be
developed by floating offshore wind turbine.

-128GW by Bottom-Fixed type (water depth < 50m)
-424GW by Floating type (water depth = 50m)

Estimated by JWPA (2020)

Necessity of Floating Offshore Wind Turbine

M Bathymetry around Japan
- Water depth sharply increases with distance from shore.
- Sea area suitable for bottom-fixed wind turbine is limited

M Larger FOWT is necessary for high efficiency

Catch higher wind speed at
higher altitude and offshore

i

3

e == -

[\
®

Seafloor topography
around Japan s

depthikm)




B Great East Japan Earthquake and Accident of
Fukushima Nuclear Power Plant

-Although renewable energy is pure domestic
energy, it has been considered as unstable
and unreliable.

-Suddenly gained attention due to the
accident of Fukushima nuclear power plant
(2011).

7
Technology Demonstration Project in Japan

B Fukushima project (2011-2021)
supported by METI .

3 saw

Somapant ®
stsnhin cloar poves pland &
1 | Navigation resticted aren Skm by 4 dkm
Floating substation o 0 . My anrciod e
Floater: Advanced spar 3 s w s
(Operation started in 2013) Expariment ste
' Just culside 1 wigat

Wind turbine: 2MW Downwind type resiicied .T,!T.:;,‘;.’;lﬂ

Rotor diameter: 80m o e B0 dociders

| Hub height: 66.2m Onsmamapor s

Floater: Semisubmersible b il
(Operation started in 2013) Waster Depih. 120m ey el

Wind turbine: 7MW Hydraulic
Rotor diameter: 167m
Hub height: 105m
Floater: V-shape semisubmersible
(Operation started in 2015)

Wind turbine: 5SMW downwind
Rotor diameter: 126m
Hub height: 86.4m
Floater: Advanced spar
(Operation started in 2016) 8




M Goto Project (2010-2016)
supported by MOE

* Technical option for GH gas reduction
* Moved into commercial phase

i 4% 7"‘ = Wind turbine:

Al 2MW Downwind type
= Installation site (Operation started 2013)

M Kita-Kyushu project (2014-2024)

supported by NEDO =
+ Cost reduction S
Site : Kitakyushu E
e ¥ Wind turbine: 3MW two blade
O _ (Operation started 2019) 9

Technology Readiness Level

B TRL (Technology Readiness Levels )

1 H 4 ] 5 7 ] 5
Enitial proof ol Humerical Tank Scaledl testing 1-10MW 10-20MW Pre-commercal  Commercial
concept condept maodelling eting [« 1] dema damadplot arrny 2000w
(20-200MwW)
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Source: Carbon Trust 10




Policy of Japanese Government
for Promoting Offshore Wind

R S L R R 8 S
11
Establishment of Carbon Neutral Society

B Estimated cost of FOWT just after Fukushima

Project
Estimated cost of FOWT based on the technology
demonstration project was high

- Skeptical view about offshore wind was raised

B Statement of brief of former prime minister
in 2020
- Establishment of carbon neutral society in Japan by 2050
- »A major challenge of humankind in this century.

B Renewable energy is expected to contribute

to achieving the target
30 to 45 GW of offshore wind energy will be |
commercialized by 2040 12




B Japanese Government is determined to
promote offshore wind

Basic plans and Acts

- 5th Basic Energy Plan (2018)
Renewable energy should be a core power source

- 3rd Basic Plan on Ocean (2018)
Necessity of rule for use of territorial sea

- Act on Promoting the Utilization of Sea Areas for the
Development of Marine Renewable Energy Power
Generation Facilities (2019)

To be revied to cover Exclusive Economic Zone

- 6th Basic Energy Plan (2022)
Promotion of project formation 13
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Introduction Target of Japanese Government

Accumulated capacity

4

Target of 6" Basic
Energy Plan

5.7GW

~ - 3rd round
g ¢ (Public offering)

+ 2nd round
| (In selection)

r 1st round
(Operator selected)

FY2021 FY2022 FY2023 FY2030

15

Green Innovation Fund Phase i

B New Technology Demonstration Projects of FOWT
Leading projects for large scale development

HAMAMASU
Wind speed: 8.5-9.5m/s
Water depth: 70-80m
Distance from shore: 8.0-9.5km

GANWU + MINAMISHIRIBESHI
Wind speed: 6.5-8.5m/s
Water depth: 50-500m
Distance from shore: 10.0km

NANBU

| Wind speed: 7.5-8.0m/s .

. Water depth: 400m

‘; Distance from shore: 20-30km

TAHARA - TOYOHASHI
Wind speed: 8.5-9.0m/s
Water depth: 80-130m :
Distance from shore: 14-18km 16

Seafloor topography around
Japan ‘

 depthikm)




Challenges in Technology

B Compact lightweight and easy to construct
concept

1) Floater technology developed in Oil-Gas industry
- Relatively massive and heavy concepts
- Concept based on past experiences of accidents

2) Lightweight concepts Courtesy: Seadril

Maturity of technology by experiencing various
problems typically related to aging degradation

i
==

Courtesy: Principle Power Courtesy: Stiesdal




B New floater concepts are coming in

- Tension Leg Platform with small footprint
- Tower supported by guywire and/or pillar
- Single point mooring & weathervane

OPTIFLOW |

e

source : X1 Wind

<

TetraSpar EOLINK

source : Stiesdal source : EOLINK source : Glocal

Challenge in Station Keeping System

B Challenge in mooring system in shallow
and deep waters

Catenary mooring :
- Significant increase /JfL
of tension amplitude
T

by dynamic response
in shallow waters

Synthetic fiber rope moorin
- Low cost concept for —L————— P MO0 H L—-

deep waters /? s

T

Tower-buoy mooring 1

T




Marine Growth

B Fast marine growth

- Damage to dynamic cable
- Water temperature, nutrients, flow

="

Drift ice

—

Coral reef

Availability of Offshore Work in Northern Japan

B Reduction of downtime in offshore transport,
assembly, installation, and maintenance

Development of work vessels which can operate in
harsh environmental condition is necessary

Availability of Offshore Work
winter summer winter

Operation limit in terms |
of significant wave height |

4dm

3m

2M  Estimated availability rate
1 based on NOWPHAS
offshore AKITA
observation in 2012

22

Availability Rate (%)
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Research on environmental impacts

due to marine renewable energy facilities

Shigeru TABETA
Dept. Environment Systems
Graduate School of Frontier Sciences

Impact evaluation of offshore wind farms (OWFs) on marine species
based on food web model and habitat changes

OWFs

[ Env. & Species & Fishing data 1

in target OWF area [past 20 years] ) s — -

r Habitat, adamant substrate and shelterq

| Fishing restriction area (i.e. MPA) |

{ = Impact on speciﬁc"species Niches

ﬂ influence spread 1 d
along the food web | ]
® . i ———" » o e~
- Dynamic food web o
model (EwE) o>

— I — 4 —-——

‘ ﬂ | impl_cc-module | . <

o
Spatial-temporal variation of ]

biomass & catches & biodiversity




Case study:

Target OWFs in North Sea

Atlantic North Sea

Nederland

You,
"'-o..,Et-lqm
ey,
.“""--.
Beigique e

Beigien

OWF:  Greater Gabbard (1000
e atioon: Nart Sea. Suffolk Ceas
Yar; 2007 {operation Hl now

Monopile foundations installed: 2010
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Use the state of marine ecosystem in North Sea from 2000 as the baseline for building EwE model.



( Maps: Habitat (based on subsea sediment type) J

j
<

o €
wailh P
*
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Original Ha!ﬁih‘i Map | Habt'fat types will be Ehanged il; OWF grld; -
(Data lrom EMODnet) (Reef and hard substrate will be introduced by OWF piles)
( Case A - No OWF (control group) ]
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# The biomass maps in the 20" year (total simulation period is 2010-2030).
# Most of the species basically conforms to the actual distribution, especially where near to shore.

svecteerERTEl §

Fig.2 Biomass distnbution of (a) sessile epifauna (in lower trophic level)
and (b) seabirds (in higher traphic level).




( With OWF (Reef + MPA) _ ]
V-V V.0 FFF V| wmemenee'l)  coppem L4
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rrrrrErrrr :
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F"' r F" r" r' j Fig 4 Variations of biomass

compared with no OWF
(for Case D)

—

# Local hot spots appeared at OWF sites for most of the commercial fishes and their predators.

[ _ Catches near to Greater Gabbard OWF. )

# In case of Reef+MPA, the total catches in Zone B and C have a rise of 17 47 and .57, respectively. It is close to
the previous study (Ghassen Halouani, 2020).

# Spillover effect reduces with distance from OWF.

| |2 4%

Fig.14 Catches in different zones.

f Zone A (inside of OWF boundary)
J Zone B (nutside of OWF 0-2 km)
Zone € loutyide ! OWF 2-5 km)
Zone D loutside of OWT 58 kin)




Monitoring of Fish behavior 2021/08/04 19:20

in the Vicinity of Artificial Marine Structures ® 5x speed
UsSing ACOQUSIIC ge Imerc
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Prediction of environmental influence due to discharged water
from ocean thermal energy conversion (OTEC)

il Kume - Coral coverage was measured
\ \T lsland 0 OTEC by optical camera array

l
|

| d

.
Seagrass

Coral

Simulations of discharged water behavior
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Utilizing OTEC discharge water for seaweed culture

- Cntl

N RO Ecklonia

* Batch size (em2)

days

i v Undaria pinnatifida
o~ - DOW A
E ,-/
__L_}' -
u = i
5 e -
L - -~
initial 35days later days

Conceptual Design and Inclusive Impact Assessment
for a Multi-purpose Floating Structure

v "
Multi-purpose offshore platforms SILEL: By SR ekt

TROPOS
(EU-FP7 project. 2012-2015)

Integrated a range of functions
from the transport. energy (OTEC).
aguacuiture and leisure sectors.

(Lockheed, 2014)
Artificial upwelling

The Blue Growth Farm
(EC project. 2018-2021)

Automated aguaculture and
renewable energy production
systems are integrated for
profitable applications

; - (Pan et al., 2019)
(Ouchi, 2007)




Conceptual Multi-purpose Offshore Platform

System component
MW Wind turbine

Floating platform @ T T T @ T T T "'"|r.flg”
T T T .4 S O N O N | - =
. : et Ciatonand o+
Fish Microalgae | [ Microalgac Energ) i
aquaculture processing cultivaton mnfrastructure .
‘ I T (Wind Power)] OTEC 1 | " T RER
; 'I . Photo- | Electricity T Enengy plants '__
] ‘ bioreactor 171 Protuctiongmd — 17
} | d SR S - Management . |
! 1 . factliry { |
S | - ) | -
i | i’”“‘." | 1 1 | semiwub | [ | ]
‘ - Bagetyp—— 1T 1T
e @ o tuiiy @] Trmpormion @)
k—{ Fish feeds | [ Crude algal oil | | Rescuc facility (@) Transportation @)

Fish production Hydrogen P

Sustainability Assessment

by Inclusive Impact Indicator (Triple-l)
/40 <0: Sustainable
Hligne = (EF = BC) + y(C — B) | M,,,>0: Not sustainable

Power EF BC Cost Benefit [/
Products
generation (10°gha) | (10°gha) | (10° Yen)| (10°Yen)| (10°gha)
o worst 11.48 -8.78 8.22 6.62 4.71
12.5MW OTEC biofuel
best 843 -21.76 8.22 -6.63 -11.32
12.5MW OTEC worst 1064  -13.13 8.53 -10.46 -4.78
Seabream,
6x2MW hydrogen
wind turbines best 8.69 -26.10 8.49 -13.75 -24.09
worsl 1059 -15.53 8.73 -11.19 -6.11

23MW OTEC ~ Seabream,
ydrogen
best 864 -37.45 866  -1448  -36.20



08/04/2024

Recent Movements and Some Challenges

of CCS in Japan

Toru Sato

Protessor, Dept Ocean Technol, Policy, and Foviron., Universiry of Tokyo

* Recent Movements of CCS in Japan
*  Carbon Neutral by 2050
*  CCS Business Act
*  Long-Range Roadmap

*  Selecred 5 Storage Sires and 2 Export Ports

* Challenges of CCS in Japan
* Necessity of Deregularion
«  CO2 Concentration in Scawirer
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Carbon Neutral by 2050

* COP25 (2019) Bc_mu.(s'crm;my

* bl zero CO2 enussions within the region by 2050

* Policy Speech by the Prime Minister Suga (26 Oct. 2020) i)

= COP26 (2021) Glasgow, UK
/ bl
* Japan declared to reduce emissions by 46%0 by 2030 and zer

enussions by 20501

-.'. i e _|: H IE
& o . e ol

(UNFCCC)

CCS Business Act
(submitted to the Dict held in May 2024)

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

. T appoints pnw])h resecvorrs as “special area”, collecrs
possib IL storage operators, and : to the most appropriare one.
* The mirnister of METI sers ir to the selecred

operator. l he rest-drilling righr and ~r< wing nrrht are regarded as “deemed
]’)L“Ptli\
* Regulations for storage operators
* Storage operarors - the ['CI‘I‘IPL‘I'.‘[FUI\ and pressure, ¢t of reservoirs.
* Storage operarors ncs For the me miroring afrer closing rhew wells

* Under the condition that the CO2 is stored s ately,
tor the reservoirs mL[LILiInL, mnmrmm“ hnm rhe « Iperarors.

(extracted and translated by T. Sato from METI, 2024)
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Long-Range Roadmap
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(extracted and translated by T. Sato from METI, 2024)
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Selected 5 Storage Sites and 2 Export Ports
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Necessity of Deregulation

* London Convention (IMO) (20 )
* Only sub-seabed underground

* Only gas with CO2 concentration of “overwhelmingly™ high

* Act on Prevention of Marine Pollution and Maritime Disaster (Mol 1) (2005)
* CCS operators need to get permissions from Minister of Environment
* Only gas with CO2 concentration of Or more,
* Mandator ros of CO2 concentration

* Not mennioned on the time period of monitoring, Fxternal?

Necessity of Deregulation

Tomakomat Project
Oftshore 3kan, WD30m, depth:1000m+3000m, g iomnn SRS Osm st EAme B
2 ==z was = -
0. 1Mt/ v, since 2016 - 1w

i Jees
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Necessity of Deregulation

202 concentration in seawaler s nol constant due to biological activities
p-O2 and DO saturation usually have very goad correlation (De Grandpre et al., [997),

Mok requires 1o re-conduct to monitor CO2 concentration, il some data exceed the

However, the varation of p(X032 at the Tomakomai site is very barge.

-t o0 kA s S
" L 2]

LR, Ly Lybatrn]

ta

20

G e

at alv 199 aff Tomakoma., lapan (MoE)

Necessity of Deregulation

* What happened off Tomakomai
ware monirored one month after the seart of CO2 injection in Alay 2016,

* Stwpped CO2 mjection from May 2016 10 Jan 2017,

* Re-conducted monitoring + more precise inveshigation with lirge cost
o] \ti 5'\
* Bubble investigation by a sidle-scan sonar

* Carbon 'Isnlrapp eatios: O and M

L
To000

..... L] 6000

slution Protection Act will be merged to CCS Business Act and those treated in

%

Marine |
Mare Polluton Protection Act will be comsupervised by the minister of MoF.

10
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CO, Concentration in Seawater

11

Detection of High CO2 Concentration

* Varation of pCO2 at the Tomakomai site is very large.

b

PEQHDIC 18 (paim]
B & 5 8
=
.

o
; =3
13
.-;t-_z;f

= :’
we
1 04 L] LE} 0y i i1 [
O cutys e
Dalirandpra et alf1997) 3t Tomekomai, lapan (MoE)

12
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CO2 Dissolution in Seawater

CO, + H,0 « HCOZ + H*
HCOZ « CO5~ + H*

Atmosphere | anm
NI TE% pN2=0T8 arm .
02 2% pO2=0.22 wm DIC = [CO,] + [HCO5] + [CO57]
COZ HMWppm pCO2=00004 a0 pCO, = K[CO.,]

4

= 1 4
£
Yy
.
vree®
o 100 | /"""””_—_"Mﬁ",_——_ " :
13
7
CO2 Dissolution in Seawater
Atmosphere | aim . \\‘.
N2 78" pN2=0.78 atvn = L _. 1
02 22 pO2=0,32 anm - e A
CO2 H00ppm pCOI=00004 17 S m, amen
_ Ko DO Ko
pLO, = — (}t mrlo_:uq)m + (&"[‘ICO:WI + ka.,ﬁl—_[:pozm)
- [HATF + K JHY ] + KK,
= [H*]?
) - pLCO2-[O2 saturanion] correlanon never be
(U [ I |

a stmple hinear function

14
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CO2 Dissolution in Scawater

Ammosphere | atm
N2 8% pN2=0.78 st
QX 2% pO2=0.22 uin

.03 A pCO2=00004 At

gas exchange
water mass

e

DIC (Dissolved Inorganic Carbom) =[CO, |+[HCO, |+|CO," |
DO (Dissolved Oxygen) = [0.]

Fquilibrium to the atmosphere
without biological activity
DIC,,

DO,

]

Non-equilibeium to the atmosphere
without biclogical activity

DIC, = 1 DIC,,
DO" =2 Docq

and  depends on water mass
(How long the water contacted (o the atmosphere in the past)

DIC, = [(T,5.TA)
TA = [HCO7| + 2[CO%7] + [H,BO; ] + [OH™] = [H*]

15

Biological Activity - respiration and photosynthesis

Atmosphere | atm
N2 T pN2=0.78 amn
Q2 2% PpO220,22 atin

CO2 40ppm |\(;{)Z=H,I'Jf,h"1,4 atin

4

ADIC = -kADO

£ = 0722 & 0.05 fhom Chen and Pyrkowicz (1979)

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

DIC + kDO = DIC, + kDO,

16
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Biological Activity - formation of calcium carbonate

Fornmuon /dissolution of Ca,

Atmosphere 1 atm

| m—

(‘r. - 'i-l -0‘; : 7 ( .

N2 TE% pN2=0.78 atn ¥ I(—I'-’ CaCo, :
(2 220 pO2=0.22 aim DIC={CO.|+|HCO. |+ CO, L;

|.,: V2 At pCO2=00004 arm ) TA =[HCO, | F|'}-['{::6“"i}‘ [H.BO. [+[OH | +[H|

&‘U!{‘ "A?A\:a!cium . : 2

caleium
L

Carzs, pacs e

17

Biological Activity - formation of calcium carbonate

DIC=0.574+0.722D0 = DIC, = 0.5F4, +0.722D0, = C, (8, by, T)

ap:bg

e —

DIC-0.5TA+0.722D0

Temperature

18
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Application Results of ‘Tomakomai

5w upper limin

S50 2500

500 1 2450
_450 : 3 2400
£ 00 § 2350 ¥ -12.845x + 2457.2
%sso . = 1300 R?=0.9331
§ 300 W Igr §zzso

250 T = 31742007 S 2200 i Yg S

_— Rl'= 06152 b : :

150 1100

70 20 ap 100 110 0 5 10 15 b1 25

DO saturation|’) temperature| G}

covrrelati (DIC BSTACOT2DO| - T eoerelition

19

Seepage Judgment by Machine 1.carning

Fabte 3.7 Judgament= resnlts of daga srcasared oft T Aevana by FNH el

= abmiogmd (1)

(ETIT Tty ot Talevuma
Okt Thh 2022 Maw 1T 203 May 15 202
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1= ar el (0
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2024%F4A8H AMNHFHENE (0CA) B—TRE

Observation of coastal ocean surface currents
with a sailing team

RRAF KPR PR SRR EN
smpp VR
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» BO"RR" — BHROFSRL. BERE. BETEMEOINEL - etc
« BFRBEOZEEZRUS LT, BFEOREE. TUTTOCAOBRIIERCEE

20205 (/N EFRESOBENIL

5 Hori i N

AFZIBEFOFMERALEGEER

The oil seen from space by NASA's Terra satellite on 24 May 2010 W ﬁ.l:ﬁﬁﬂ'm—M—§(https:ﬂwww.kalho.m]lt.go‘jpﬂnl'uﬁnpins]pnstu-ﬁﬁ. htmi)
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Noveli et al., (2017) “A Biodegradable Surface Drifter for Ocean Sampling on a Massive Scale”
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» BFERBF)OS— . BEER - BREE [C&5 Slip” ZB/MET HERE

Wind
L BREEo NER 12 fh-B-E TRTARETE

S— — BEIZFORRFROBELEICATTERIBNALE

U
A .+~ to reduce the wind produced
b S slip below 1 cm/s in 10 m/s
Current the drag area ratio R R -———Aa ia B
J x10 _ -Niiler et al., (1995, DSR-

n

MR FEOSHEA — MFOMMFELOLER

» TIROGPSOH—Z#MROMHICAR L T, 100mEB (240 TREFFRER.
Rl ADCP (1200kHz, AM X2/ A) BHllE LB L. RFOERA/O T,

Deployments of 40 times

Boat-B ; Boat-C
O )\ =
= (/ " 100m
" !
Boat-A with ADCP 4km
35.3 [
N ;;\‘\'{ﬁ%\\\*%»\\'\.\\\‘\‘x\'t‘nm W5y
: F
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Program for the visit to
Japan Agency for Marine-Earth Science and Technology

Date & Time: 15:00-17:00, Tuesday, April 9", 2024

Address: JAMSTEC Headquarters

2-15 Natsushima-cho, Yokosuka-city, Kanagawa 237-0061, Japan

List of Guests:

1.
2. Mr. Hung-Wen Chen, Section Chief, Marine Environmental Management Division of OCA
3. Ms. Hui-Chen Yang, Section Chief, Marine Environmental Management Division of OCA
4,

5. Prof. Jeng-Renn Chen, Distinguished Professor, Department of Safety, Health and

@

9.

Ms. Hsiao-Sia Li, Director of Marine Environmental Management Division of OCA

Mr. Yu-Chein Chen, Officer, Marine Environmental Management Division of OCA

Environmental Engineering, National Kaohsiung University of Science and Technology
Prof. Ping-Chi Hsu, Professor, National Kaohsiung University of Science and Technology
Associate Prof. Tsung-Yueh Tsai, Associate Professor, National Kaohsiung University of
Science and Technology

Ms. Hui-Ning Yang, Senior Manager, National Kaohsiung University of Science and
Technology

Ms. Chen Liu, Manager, National Kaohsiung University of Science and Technology

10. Prof. Toru Sato, Professor, Graduate School of Frontier Sciences, The University of

Tokyo

JAMSTEC Participants:

I
2.

Dr. Takeshi KAWANO, Executive Director

Dr. Katsunori Fujikura, Director, Marine Biodiversity and Environmental Assessment
Research Center (BioEnv), Research Institute for Global Change (RIGC)

Dr. Toru MIYAMA, Senior Researcher, Environmental Variability Prediction and
Application Research Group, Application Laboratory, Research Institute for
Value-Added Information Generation (VAIG) -

Dr. Yu-Lin Eda CHANG, Researcher, Environmental Variability Prediction
and Application Research Group, Application Laboratory, Research

Institute for Value-Added Information Generation (VAIG)

Mr. Masahiro KAMEI, Director, Marine Science and Technology Strategy Department
(MaSTS)
Mr. Tsuyoshi SUGIURA, Manager, International Affairs Section, Marine Science and

Technology Strategy Department



Program:

Gepe
15:00 Arrival at JAMSTEC headquarters
15:00-15:05 Welcome remarks Dr. Takeshi KAWANO
Self-introduction All participants
15:05-15:20 Introduction of JAMSTEC Mr. Masahiko KAME!

15:20-15:35 Introduction of OCA and National Prof. Jeng-Renn Chen
Kaohsiung University of Science and

Technology

15:35-15:50 Projection of pumice dispersion from the Dr. Yu-Lin Eda CHANG
August 2021 submarine volcano eruption (Online)

15:50-16:05 Simplified Monitoring Method for Deep-sea Dr. Katsunori Fujikura
Marine Protected Areas

16:10-16:45 Tour at the Exhibition Hall Mr. Tsuyoshi Sugiura

16:50-17:00 Wrap-up All participants

Language: English

Handout List:

JAMSTEC Brochure

JAMSTEC Overview

Application Laboratory Brochure
Arctic Research Vessel Brochure

o i B



QOcean Canservation Adminstiation. Tawan |
15.35-15.80, Apnl 8th, 2024 @JAMSTEC Headquarters |

Simplified Monitoring Method
for Deep-sea Marine Protected Areas (MPAs)

FUJIKURA, Katsunori

Marine Biodiversity and Environmenlal Assessmenl Resaarch Center (BicEnv)
Japan Agency for Marine-Earth Science and Tecnnolegy (JAMSTEC)

@& JAMSTEC - ..

S ——

| Sustainable Use of Ecosystem Services with Marine Blodlverslty Conservation

|
|
- . - —— ‘
|
|
|
|

E ‘.' Tad
® The deep sea is a very vast area that occupies most of the ' !u “

Earth's biosphere.
® We unknowingly receive a variety of ecosystem services =N -_--

® The conservation and sustainable use of marine
biodiversity is a major issue facing humanity today.

from deep-sea ecosystems. .
® ex: food, material cycle, climate control, etc. ' o & & o .
® Deep-sea organisms have high polential to become VNS S (OIS CENION 51 RN P '
unknown useful genetic resources. o it
B Human activities and global warming are beginning to ¥ Do et o
impact deep-sea ecosystems. i SR
® ex: deep ocean warming, ocean acidification, £ ﬁt |
deoxygenation, waste (including plastics) pollution, 3 &\'\ Degih of worid marine
: deep-sea fishing. - wwmmm |
® The mean depth of bottom trawling fisheries has been 520 : v "\’\\‘ Y S £t |
m deep in 2004. |

!IWI“MO‘MMMW)&MMWMM ,

& Convention on Biological Diversity (CBD)/ COP10/ Aichi Biodiversity

® SDGs14.5

® In Japan, marine prolected areas (MPAs) were established on the deep-sea fioor ~ "WCN (2025 wwwprotectedgianst o=t

in addition to shallow water areas. 5 -
® Because MPASs could be established on the deep-sea floor, 13.3% of Japan's o &
EEZ could be designated as MPAs. ' 5“:
® Convention on Biological Diversity (CBD) / COP15/ Kunming- 3 :*"1’
Montreal Global Biodiversity Framework _ .«' ‘
30by30: Ensure and enable that by 2030 at least 30 per cent of — marine and coastal ‘

& Many countries, including Japan, need 1o new establish WOML ang IUCN [2023) www protectzdplanat net.

Measures (OECM) for Conservation and Sustainable Use of Marine Biodiversity

- R~

Targets

By 2020, at least 10 por cent of coastal and marine areas, especially areas of particular
importance for bicdiversity and ecosystem services, are conserved through effectively and
wwmmmmmmdmm
and other effective area-based conservation measutes, and integrated into the wider seascapes’

By 2020, conserve ai east 10 per cent of coastal and marine areas, consistent with national and

international law and based on the best available scientific information.
Marnne protectes areas (dark blue), UNEP-WOMC ard

areas, especially areas of panticutar imponance for biodiversity and ecosystem functions and

services, are effectively conserved and managed through ecologically represantative, well- v

connected and equitably governed systems of protectad areas and other effective area-based .‘
conservation maasures, —-. MiETNE rOtectad BIeas In JBpanats waters. UNER-

n_n_l?&l_p_ECMsindeepwater. s



Scientific Role for Marine Protected Areas (MPA) & Other Effective Area-
based Conservation Measures (OECM)

B The Convention on Biological Diversity (CBD) recommended that
Ecologically or Biologically Significant Sea Areas (EBSAs) be extracted
before designating MPAs.

® Since the deep-sea ecosystem will change even after MPAs designation,
we need 1o manage suitability of MPAs based on scientific information.

® Accumulation of deep-sea biodiversity and environmental data is
essential not only for current MPAs management but also for achieving
30by30.

Scientific criteria of EBSAs

| However, opportunities for deep-sea research are limited due to the e e
high cost, specialized large piatforms, and manpower required.

Unigueness or Rarity
Special importance for life history stages ol species

| Impertance for threatened, endangerad or declining
species and/or habitats

Vulnerability, Fragility, Sensitivity, or Slow recovery
' Biological Productivity
Biological Diversity
A simple and low-cost deep-sea survey method is needed. | Naturainess

Simple and low-cost
Fre:';allnboop-Soa Ecosystem Observation Equipment Lander

® Advances in molecular biclogical techniques have allowed environmental DNA analysis to reveal the
presence of marine life (including invertebrates and fishes) in seawater and sediments.

|
i
|
‘ ® Environmental measurement equipment has also become smaller and lighter.

® As a simple and low-cost deep-sea survey tool, we developed a Free-Fall Deep-Sea Ecosystem ,
Observation Equipment, Lander.

|
| ® The lander is,

! ® 1) sink free-fall from the ship, :
| ® 2) observe on the sealloor, Freefall s,
| ® 3) collect samples on the seafloor, and
: B 4) Self-float with the weights released.

® No need for specialized operators.
® No need for large Research Vessel. -
. [ Simple and low-cost
Free-Fall Deep-Sea Ecosystem Observatory
General specilication of the Lander
| Size Width 1.5 m, Height 235 m |
'Shape  Triangular prismatic |
{Weightinalr | 452kg
(Weghiinwater 22kg |
| Buoyancy B0 kg
|| Mexmumuse depin _ 2000m —
L . . L0
i | Price 0.22mil. S o |

| @ The lander can collect samples (seawater, sediment, and
seawater filtrate) allowing environmental DNA analysis of

ep-sea life at depths of up to 2000 m.

| - , ¢ .
| ® |t can also measure environmental factors, including water
' temperature, salinity, pressure, turbidity, and current direction

and velocity. lg:e-Fail Deep-Sea Ecosystem
servalory, Lander




l Other types Free-Fall Deep-Sea Ecosystem Observatory Lander

® JAMSTEC has also developed other types of Landers Edokko Mark 1.

® These have limited functionality but are less expensive.

® Other Lander, Edokko Mark 1 series are now available as a commercial
product.

® This project will make the monitoring system combined with marine robotics
such as autonomous underwater vehicles.

Morslonng plan for seabed mining

Edokko Mark 1 series:
Basic device Video camera unit .
Add-on devises CTD, Hydrophone, Current meter, Incubation tocls, etc. I
Operational Depth (max) 4000-8000 m |

' Observatlon of Deep-sea Marine Protected Areas (MPAs) Uslng the Lander

® We use landers 1o investigate deep-sea ecosystems in MPAs on the
deep-sea fioor of Japanese waters,

® We were able to obtain data on prokaryotic, meio-benthos, mega-benthos,
and fish diversity with environmental DNA from seawaler and sediment
coliected by the lander.

®m Environmental data was also obtained.

® With these data, the suitability of the MPAs can be evaluated based on : . ’
the EBSA criteria.

® By environmental DNA analysis, a large deep-sea fish,
Narcetes shonanmaruae of which only seven individuals
have been collected woridwide, was detected in a deep-sea
MPA.

® This fish is the top predator in the deep-sea ecosystem and
controls the ecosystem.

® This fish is an indicator species for assessing the suitability
of the marine ecosystem at this site.

® The Lander is an effective equipment for deep-sea e
ecosystem monitoring. c Narcere aruae (total lengthi2 i)

Fujara ot H (2022: |

Research area of Japanese MPA. unep-
WEMC and IUCN (2023) www.protectedplanet.nel.

m Teamwork among scientists, engineers, o, ROlE Of Science and Technology
policy makers, and citizens is crucial forthe | Field surveyi;' Open data |

| W [nternational marine life databases such as Ccean _Y ¢ |intormatization |

The Role of 5clenoe and Technology for the COnservatlon and Sustainable
Use of Marine Biodiverslty :

conservation and sustainable use of : et o il

biodiversity. “’
'I.‘u

® The role of scientists and engineers is to

collect data by field surveys, publish the

data as open data, and provide information i
from the data to policy makers and the : gﬁﬁ'?ﬁ"ﬂﬁ "ﬂ:‘:i;
U, Evaluaﬁon i |

il

Biodiversity information Systems OBIS, a

UNESCO/NOC project, are useful for publishing |

e [implementation |
® After policies and citizen activities are i e o= F .

implemented, field surveys will be conducted again \ L Wy & |

to collect data in order to evaluate their R e byoBIS

effectiveness |  Policy makers, | ° .f'?r.;?ér;? :;g\.:,.mnnnpy |

LA : o . ' Citizen activities | : 2020023peces pactic 89m © |

| |tis important ?Ifnat scientists and engineers, policy (NPO, NGO,,) |

makers, and citizens form such a cycle. e -
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Case of 2021
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Forward to. mtegrated understandlng of the Oceans the Earth Life, Humamty,
s e e
‘ and (reate the future of the Earth by Co- creatlon wnth soclety
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Japan Agency for Marine-Earth Science and Technology




About JAMSTEC

.‘
|
|
|

History of JAMSTEC

October

1971 Jopan Morine Science ond Technology Center

established
May 1989 Research vessel HAKUHO MARU completed
April 1990 Deep sea survey supporf vessel YOKOSUKA completed
April 1990 SHINKAI 6500 deep sea reseorch system completed

Oclober 1995 Mutsu Institute for Oceanography opened

March 1997 Deep sea research vessel KAIRE! completed

October 1997 Oceanographic research vessel MIRAI completed
November 2001 Global Oceanographic Data Center (GODAC) opened

April 2002 Earth Simulator recorded fhe world's highest comput-
ing performance.

August 2002 Yokohuma Institute for Earth Sciences opened

April 2004 Japan Agency for Marine-Earth Science and Technol-
ogy established

July 2005 Deep sea drilling vessel CHIKYU completed
October 2005 Kochi Institute for Core Sample Research opened
April 2009 2nd mid-term plan launched

August

2011 Dense oceanfloor nelwork system for earthquakes and
tsunamis (DONETT) full-scale operation lounched

2012 Autonomaous underwater vehicles YUMEIRUKA, OTOHIME
and JINBEI complefed, SHINKAI 6500 upgroded

2012 JAMSTEC long-term vision formulated
April 2014 3rd mid-ferm plan lounched

April 2015 Chonge in status o Nafional Research and Develop-
ment Agency

2016 Wide-orea seabed research vessel KAIMEI completed

2016 Dense Oceanfloor Network system for Earthquakes and
Tsunamis (DONET2) deployment completed

April 2016 DONET2 fransferred to National Research Instilute for
Earth Science and Disaster Resilience (NIED)

April 2017 Deep sea debris database made publicly available
September 2017 Deep-sea Bio Open Innovation Platform esfablished
October 2018 First single-pilot operation of SHINKAI 6500

April 2019 4ih mid-ferm plan launched

Oclober 2021 JAMSTEC 50th anniversary

March

March
March

L 2 S

Organization Chart

Executive Directors

chi Morimoto Satoshi Kikuchi

Mieko Mio

Hiroyuki Yamato

Takeshi Kawano

i Shin'ichi Kuramoto

Research Institute for Global Change (RIGC)

Glabal Ocean Observation Research Center (GOORC)
Institute of Arctic Climate and Environment Research (JACE)
— Earth Surface System Research Center (ESS)
Research Center for Environmental Modeling and Application (CEMA)
Marine Biodiversity and Environmental Assessment Research Center (BioEnv)
Center for Coupled Ocean-Atmosphere Research (CCOAR)
Mutsu Institute for Oceanography (MIO)

Research Institute for Marine Resources Utilization (MRU)

—— Biogeochemistry Center (BGC)
Research Center for Bioscience and Nanoscience (CeBN)
—— Submarine Resources Research Center (SRRC)

Research Institute for Marine Geodynamics (IMG)

— Subduction Dynamics Research Center (SDR)
—— Research and Development Center for Earthquake and Tsunami Forecasting (FEAT)
—— Voltanoes and Earth's Interior Research Center (VERC)

eseatch Institute for Value-Added-information Generation (VAIG)
— Center for Mathematical Science and Advanced Technology (MAT)

—— Application Laboratory (APL)

— Center for Earth Information Science and Technology (CEIST)

—— Global Oceanographic Data Center (GODAC)

Institute for Extra-cutting-edge Science and Technology Avant-garde Research (X-star)

Super-cutting-edge Grand and Advanced Research (SUGAR) Program
Kochi Institute for Core Sample Research (KOCHI)

— Engineering Department
— Project Office for Arctic Research Vessel (PARV)

— Research Support Department

Institute for Marine-Earth Exploration and Engineering (Mark3)

Planning and Coardination Department
Operations Department

Fleet Maintenance and Engineering Department
Drilling Projects Support Office

— Planning Department

— Marine Science and Technology Strategy Department
— General Affairs Department

— Hurmnan Resources Department

— Finance and Coniracts Department

— Information Security and System Department

— Safety and Environment Management Office

— Audit Office

— Project Team

— Office of Economic Security Promotion
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Research Institute for Global Change (RIGC)

We will promote _rgsearch' ana_'dTe;eldpm'ent towards
solution of global jssues by understanding the current
status and projecting the future of the global change.

To contribute to the resolution of global issues such a
climate change, ocean acidification, and plastic pollution
we will lead international projects to conduct integrated
research on oceans at 2ll depths and on the close interac
tions of oceans with the atmosphere and land masses. W4
will apply the data obtained from this research to formu
late both short-term seasonal predictions and mid- td
long-term predictions covering centuries,

We will actively disseminate our research results througt
international frameworks such as the United Nation

“Framework Convention on Climate Cha nge (UNFCCC) an

the Paris Agreement, the UNESCO Intergovernmental
Oceanographic Commission (10C), the Intergovernmental
Panel on Climate Change (IPCC}, and the Arctic Council
(AC). We will contribute to the achievement of the United
Nations Sustainable Development Goals (SDGs), in partic-
ularGoal 13 (climate action}and Goal 14 (life below water),

as well as Japanese government policies.

SUSTAINABLE g~ =
DEVELOPMENT ‘ALS
17 GOALS TO TRANSFORM OLR WORLD
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Observing and understanding ocean environmental change and developing
observation technologies

We will maintain our conventional ocean observation network while
at the same time working to develop a new optimized observing
system that integrates various observation platforms, including
research vessels, drifting floats, and moored systems. Our goal is to
understand the physical and chemical states of the ocean and their
temporal development, and to uncover the mechanisms of various
oceanic phenomena with the aim of producing more reliable
forecasts. We also plan to miniaturize and automate observation
instruments to better monitor the global ocean.

Understanding environmental change in the Arctic region and developing techno!ogles
for making observations under sea ice

The impacts of global warming are currently most conspicuous in
the Arctic region, and we will conduct observation and prediction
research there to better understand interactions between oceans
and sea ice and other aspects of Arctic climate systems, and help
reduce prediction uncertainties. To this end, we will also develop
underwater drones and other new observation technologies to
enable us to ohserve what is going on beneath sea ice, a difficult
endeavor up to now.

Understanding ecosystems/geochemistry dynamics linking Earth surface sub systems to
reveal their interactions with human activities

Based on oceanic and atmospheric observations, lab experiment
and medel simulations, we understand and evaluate the impacts of
ocean acidification, warming, hypoxia, and environmental pollution
on changes and processes of ecosystems/geochemistry linking
Earth surface sub systems (ocean/atmosphere/land systems) to
reveal their interactions with human activities. We also focus on
“hotspot” areas, Arctic region, and on Tsugaru Strait driving/repre-
senting global or near-Japan climate and environmental changes.

Projection of global environment

We work on further sophistication of the simulation models that
have been developing at JAMSTEC to better project the environ-
ment on various temporal and spatial scale. We promote collabora-
tions among different models taking the best of them, in order to
obtain novel insights on phenomena ranging from short-term
events such as torrential rain and typhoon, medium-term ones such
as El Nino, and long-term ones such as global warming, including
interactions among them,

Assessing the impact of human activity and global environmental change on

biodiversity
In order to evaluate the impacts of human activities on the marine e pibedt - :
ecosystems, we will seek to understand the changes in marine i A Resources development

biodiversity, which are sensitive to variations of the global environ-
ment. Particularly to fill the current data and knowledge gaps in the
deep-sea ecosystems, we will develop analytical methods for environ-
mental DNA and measuring methods of pollutants such as microplas-
tics. Through these approaches, we aim to establish and upgrade the
integrated environmental impacts assessment measures,




Research Institute for Marine Resources Utilization (MRU)

Understanding material circulation and origin
of marine resources to ensure sustainable use

Qur primary goal is to understand the formation processes of
marine resources, including organisms, minerals, and energy
resources found in the ocean. In addition to conducting the
research that contributes to the sustainable use of oceans, we
will seek collaborations with other institutions and industries
through providing marine samples and sharing data, technolo-
gies, and scientific knowledge to accelerate the utility of the

ocean.




Kl Effective use of marine organisms and biological functions

We will endeavor to develop a precise understanding of oceanic
material circulation through conducting chemical and molecular
biological analyses of marine biological, geological, and other
specimens, identifying the environmental, physiological, and
evolutionary factors controlling circulation, and developing a
quantitative understanding of marine bio-resources. We will also
investigate the unique capabilities acquired by organisms in the
process of adapting to extreme deep-sea environments, We will
contribute to society by disseminating the environmental analysis
technologies and methodologies developed by JAMSTEC.

Callecling sediment from the bollom of the Challenger Deep
(depth: 10,896 m) in the Mariana Trench. Our afforls will hopefully
lead to the discovery of novel microbial resources

Pholasynihetic bacleria inhabiting gypsum deposited
by seowater evaporation

Bl Effective use of submarine resources

We have sought to shed light on the processes by which submarine
resources are formed by condicting field research, collecting and

; - y ; i Nano EA (elemental analyzer) / IRMS (isolopic moss spechome-
analyzing specimens, analyzing data, and developing numerical ter) capable of measurng the smaliest amounts of frace sample

models. These efforts have shown that both physical and chemical isolopes by this lype of device worldwide
processes influence the concentration of elements in complex ways

over a broad spatiotemporal scale. We will conduct research and Takuyo-Daisan Guyot

development using these research methods to identify correlations Crusts spread all over the seabed al all depfhs
between chemical and physical processes and to apply the knowl-
edge gained to build submarine resource formation models that
would enable us to theoretically pinpoint promising marine
locations. We will also support the development of marine industries
by broadly disseminating the knowledge and technologies we have
acquired among relevant industries.

2.500-2.700 m

An area rich in manganese nodules discovered around
Mingmitorishima ol o depth of 5,500-5,800 m

A ferromanganese crust
collected in the vicinity
of Takuyo-Daisan Guyot -

This cokall-ich crust, which is o
type of lerromanganess crust, s
13 cm thick. (It was collected by
the remotely operated KAIKO
- S Mke-INLY

Arsund 5,500 m




2 R&mehlnsﬁmte for Marine Geodynamics (IMG)

llluminating Earthquakes and Volcanic Activities
for Disaster Mitigation

To reveal earthquakes and volcanic activities, the scientists and staff of the Research Institute for
Marine Geodynamics will conduct large-scale observations around Japan and the western Pacific
using JAMSTEC vessels and various state-of-the-art marine exploration technologies. In particular
we will conduct geophysical-geological surveys in the Nankai Trough, Japan Trench, Kuril Trench,
and other tectonically active zones that may be subject toa forthcoming megathrust earthquake or
volcanic eruption. Moreover, we will develop, improve, and upgrade the methods and systems to

acquire and process data.

Furthermore, in line with SDGs 11 (sustainable cities and communities), our institute will contribute
to disaster mitigation by sharing the scientific knowledge we have gained with society. We will also
endeavor to conduct observational surveys and apply our research results in countries that are

vulnerable to frequent natural disasters such as earthquakes, tsunamis, and volcanic activities.
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Remotely operated vehicle HYPER-DOLPHIN collecting rocks  Three-dimensional plate geometry model of the Nankai Trough
subduction zone viewed from SW and NW of Japan.
Vertical exaggeration is 2.5.




Bl Understanding seismogenic zones through offshore survey and observatlon

Compared with onshore earthquakes, we still know very little about
offshore events. To improve this situation and make a better under-
standing of the current status of seismic activity, we develop and
deploy a real-time observation system of seafloor crustal deforma-
tion and seismic activity. Focusing on regions having high urgency
and importance as the presumed source area of large earthquakes
and tsunamis, we conduct seismic surveys and observations to
investigate three-dimensional crustal structure, seismic activity, the
physical properties of faults, paleoseismic record, and other factors.
The data we have obtained from our surveys and observations are
broadly shared with relevant institutes and universities.

B Understanding about the generation process
and forecasting of earthquake and tsunami

To contribute monitoring of the current status and long-term evalua-
tion of seismogenic zones, we will accumulate and disseminate knowl-
edge that promotes our understanding of earthquake generation
mechanisms and our ability to grasp and forecast the status of the
inter plate locking and slipping based on the latest data obtained from
observations and research on seismogenic zones. To this end, we will
integrate various data to improve t.he precision of our _selsmogenic tnstioton of ersyburmn Sorbole maniori ot COOOEG Thett sl the
zone models and upgrade our real-time tsunami forecasting system, KS-18-104 HYPER-DOLPHIN connected the DONET cable)

El Understanding current status of the Earth’s interior and forecasting its variation as a cause
of volcanic activity and the Earth’s evolution

Submarine volcanic eruptions have caused sudden, large-scale
disasters. Because of their huge impact on the human society and
global environment, forecasting their occurrence and evaluating their
impact on the environment are of vital importance. To address these
issues, we will conduct ocean drilling surveys using our Deep-sea
Scientific Drilling Vessel CHIKYU and investigate the internal structures
of the Earth that control volcanic activity, the mechanisms controlling
circulation of fluids and energy within the Earth, and magma supply

systems from both single volcano and global perspectives, Investigation of oceanic volcanoes

gy

Behavior and cireulation of solid, fluid and volatile compenents in the Earths
mantie {top) and a seismic tomographic image of a mantle upwelling flow beneath
French Palynesia in the South Facific {bottom)




Probing unknown causal relationships
hidden in Earth systems

To identify interrelationships between changes in Earth
systems and human activity, we will develop methodolo-
gies for integrating the vast amounts of data generated by
JAMSTEC R&D activities, and mathematical analysis
methods for efficiently processing the resulting integrat-
ed data. We will also support the resolution of policy
issues and development of sustainable socioeconomic
systems by generating and disseminating information
tailored to various needs. We will additionally endeavor ta
expand this initiative to encompass other relevant organi-
zations both in Japan and overseas 50 as to build a frame-

work for generating even more advanced and useful

information.
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El Research and de
analysis and verification met

thodologies

=

We will develop data conversion tools to unify the formats of
research and development-generated data sets for the various
phenomena comprising Earth systems that are based on very
different scales of time, space, and other parameters. In order to
mathematically process data that has been integrated by
unifying formats, we will then carry out time evolution calcula-
tion and data assimilation, and develop a large-scale repository
of numerical analysis methodologies of various kinds including
Al and other advanced functions. As a part of repository
development, we will also develop verification technologies to Four-cimensional virnia! sarf
guarantee the quality of the numerical analyses it is used for,

F1 R&D on the the use of numerical
analysis results to generate advanced
and optimized information

We will develop a four-dimensional virtual earth as a large-scale
data system equipped with advanced data analysis functions
and capable of efficiently aggregating and managing data
generated by the numerical analysis repository and other
sources. Using this four-dimensional virtual earth, we will seek to
discover and elucidate the complex relationships between
intertwined Earth systems, and based on those relationships,
generate information optimized to best serve user needs,
making it more valuable to society as a whole.

El Development and operation of
an execution platform optimized for
information generation

As an execution platform for the numerical analysis repository
and four-dimensional virtual earth, we will build a high-speed
computing system capable of handling the huge amount of
information stored in the data server, connecting the system and
server through a high-speed network. To further advance and
support enrichment of this platform, we will also focus on

security and compatibility in its development and operation so Effect of crustal movement on bicta (microbial community)
as to facilitate sharing and collaboration with other organiza-
tions and gain more users as a result.

(Formation of a bacterial mat (white part) in conjunction with
oulliow of spring water from o seabed)

2ONROVT 1800 J5T, r=tm

my Tz s 1aze mr me

For fisheries and agriculture
Comprehensive assessment of the heaith of the marine environment Providing fishermen with fishery araa forecast infarmation




Institute for Extra-cutting-edge Science and Technology Avant-garde Research (X-star)

Exploratory and challenginc
technological developmerp

Our exploratory and challenging research and develop-
ment on deep-sea extreme environments, or so to be
called the Earth's last frontiers, will build a scientific,
technological, and intellectual platform which will lead to
generating diverse knowledge and innovation to support
future Japan as a maritime nation. It is expected to raise
publicinterest in science and technology, and contribute
significantly to the promotion of Japan’s science and
technology policies. We also lead JAMSTEC basic research
and development, promote research collaboration between

different fields, and accelerate mission achievement.

Black smioker in the Beebe Hydrothermal Vent Field of the Mid-Cayman R
the Caribbean Sea




Kl Basic, exploratory and challenging research
based on out-of-the-box thinking

We will conduct challenging and highly speculative research with
the aim of making breakthroughs and generating systematic under-
standing that will lead to future paradigm shift in science. Japan has
already gained worldwide recognition for the originality of its
exploratory research on the role of the ocean in the origin of life and
the co-evolution of life and the environment, and on microbial dark
matter (unknown microbes occupying dark and extreme environ-
ments) and the physiological functions supporting such life forms;
by focusing on these themes, we will establish a new academic field
in which Japan will lead the world.

lustraiion of deep sea hydothermal actvity of 4 Billion vears
ago may hove looked

Bacteria Archoea s Eucarya

Fanogrhes

RerreghefarbacerLm

g

Prokaryale Eucarya

The three domains of the tree of life

Image of the birth of life in a small hole inside o desp sea
hydrothermal chimney

F1 Building the future of oceanographic
technology through pioneering
technological development research

With the goal of producing outcomes that transform oceanographic
technology, we will engage in highly speculative and pioneering
technological development research rather than endeavoring to
extend existing technologies. We will focus in particular on develop-
ing original technologies that combine new exploratory technolo-
gies such as measurement using laser processing and electrochemi-
cal processing, and ultra-high resolution nanoscale analysis,

Ulira-high resolution nanoscale analysis (NonoSiIMS)

Development of deep sea organism identification lechnology using undensaler lnser processing technolagy




Institute for Marine-Earth Exploration and Engineering (MarE3)

Advanced technology bringing new insights

of the Earth and its oceans

Oceans occupy about 70% of the Earth's surface, and are a significant source

important marine-Earth research targets, including ocean deeps, tectonic subduction

volcanic eruptions, hydrothermal vents, and the deep subseafloor, are the

primary t

of dynamic global change. A wide range of

sones (with related earthquakes and

argets of our world leading scientific

research and development program. Implementing this, while also supporting Japan’s ocean policies, we will maintain and

improve our advanced capabilities for investigation and observation of the world ocea

technological development and operation of our marine research facilities, capable of

n and seas. We promote the continual

supporting researcn across large and

diverse fields of investigation, as part of the greater scientific and research community.

Land Stalien

-—-__a‘n o~
> ﬁ M*‘--f

gt i il ¥ A S
Earinquoke and Tiunc:rn-l
Manitoring Buoy +

5

e

Wide-areo Research Vessel
Thee-dimensional Selsmic Survey

s
Aulonomaoks Underwator Vehicie (AUV)
for Sutiseaficar Structure Survey

Ocean Bottom Seismometer (OBS)

3 Boring Machina Systam
P (BMS)

Dense Oceanfioor Netwark system
tor Earihauakes and fsunamis

(DONET)

I
-
]
Borehola Monitoring System

High Resclulion Monitoring System fof Crustal Detor

a -

Full-de:

Deep<aa Reseanoh Vessel

i

Multi-purpose Obsarvation Glider (MOG)

AUV for Wide Seafloor MopRing

Research Submears: ble

Manned

AUV far Ultro-deep Suvey System

pth Remaotealy O penated Vebicla (ROV)




El Ocean research platform-related
technology development

Addressing social issues related to oceans based on scientific knowl-
edge and data requires the utilization of high-precision observation
and research capabilities to appropriately understand and monitor
marine environments. To that end, we will further equip ourselves
with both remotely operated and autonomous underwater vehicles
capable of supporting investigation over wide areas and deep zones,
and will continue to consider development of the next generation of
manned research submersibles, We will also continue to develop
fundamental cutting-edge observation systems, sensors, and other

relevant technology. Implement ramotely operated and culonomous underwater
vebicles

F1 Development of ultra-deep water and
ultra-deep drilling technologies

Ultra-deep water and ultra-deep drilling and related technologies,
and borehole observation technologies are required to investigate
mechanisms of earthquake generation, the subseafloor biosphere
and its functions, and to carry out future mantle drilling. We will
accordingly develop these necessary technologies in stages.

~7.000 m
Autonemous Sufocs Vehicie (ASY)

,..

titing and Coring
o oe Long Term Boronols|
1) Bocks ) Monioring System
9

LIBMS]
&

Muttkpurpose Obsarvation Float (MOF)

Development of ultra-deep watler and uitro-deeo driling
fechneologies

El Operation of ocean research platforms

We will operate safe, efficient, and stable ocean research platforms
that addresses R&D and societal needs. We will continue to upgrade
the functions and performance of our equipment and facilities, and
incorporate newly developed methodologies and technologies to
Formation Contrel for AUV enable the implementation of sophisticated research and observa-
tion. We will also provide users of our oceanographic research
platform with scientific and technical support.

Power Grab -
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Length
210.0m

Gross tonnage
56,752 tons

Complement
200 persons

Commissioned

2005

Length
105.2 m
4,439 fons

Complement
60 persons

Commissioned
1990

Length
100 m

Gross tonnage
4,073 tons

Complement
89 persons

Commissioned

kit a«j

w0 LV 1TWISE

{Yokohoma Insfitute for Earth Sclences)

1989

Total Paak Perlormance

19.5 PFLOPS

Tolal Mamory

556.5TiB

200 G.bf.s

Jor twO-wory .

Earth Simulator

Gross fonnage

Length
1005 m

Gross fonnage
5,747 tons

Complement
65 persons

Commissioned
2016

Length
1285m

Gross fonnage
8,706 tons

Complement
80 persons

Commissioned
1997

Length
66 m

Gross tonnage
1,635 tons

Complement
41 persons

Commissioned
2013

Research Vies

.. SHINSEI MARU

Slerage capacity

About 250km
at a maximum

M Sioroge environment
Temperaiure
about 4 degreas

Humidi
about 8U0%

(Kocht Institute for Core Sample Reseatch)

Core Repository




Research Facilities

Depth capability
6,500 m

Complement
3 persons

Weight in the air
26,7 tons

arch Submersible

SHINKAI 6500

2| Depth capability
: 4,500m

Length
3.0m

Weight in the air
4.3 tons

Remotely Operated Vehicle (ROV)

HYPER-DOLPHIN

Depth capability
3.000 m

Length
4.0m

Weight in the air
1.7 tons

Autonomous Underwater Vehicle (AUVY

JINBEI

Remotely Ope

Length
10.0m

Weight in the air
7.0 tons

Autonomaus Underwater Veh (AUV)

URASHIMA

: Depth capability
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Collaboration with others

Through collaborations with countries, universities, private
industry, and other parties, we actively participate in joint
projects, personnel and information exchanges, and networking
events with the aim of developing, enhancing, and raising the
profile of our intellectual property. We will further pursue cooper-
ation and collaboration with regional marine industry promotion
and human resource development measures, and promote
activities aimed at achieving the goals of collaborative initiatives
with private industry and other stakeholders.

XPRIZE competition entry brought together 23 organizations from industry,
academia and government.

International cooperation

We actively engage in SDGs and other international frameworks,
and will take an leadership roles as required. We also seek to drive
the further growth of oceanographic research and technology
and strengthen Japan’s research and development capabilities in
the field by building effective structures for cooperation with
overseas organizations. We will continue to operate “CHIKYU" for
international scientific drilling programs such as the Integrated
Ocean Drilling Program (IODP), and will pursue a range fol
initiatives to drive scientific drilling projects.

Researchers discussing core samples collected on an 10DP cruise

Human resource development

We will pursue efficient and effective initiatives to nurture young
talent in the field of marine science and technology and expand
the human resotirce base by leveraging connections with other
organizations. We will actively disseminate information on our
human resource development initiatives through our website and
other means in a way that encourages young people to considera
career as a researcher or technician,

Young researchers participating in a course on analytical techniques

Public relations

We conduct positive public relations according to the purposes to
promote publicawareness and understanding of our activities. We
will pursue clear and effective public relations initiatives by
leveraging the facilities and equipment of our sites and working
with the media, private industry, and other parties,

GIGA School online lecture




JAMSTEC Data Catalog

Data Catalog

JAMSTEC XBhyOJ <

Cuman

JAMSTEC Document Catalog

e, BiSiiaL ...~ *

BISMaL (Biological Information System
for Marine Life)

Documents and Reports

- Earth Simulator Research Results Repository
« JAMSTEC Repository
= JAMSTEC's Patent List

' Images and Samples
- JAMSTEC E-library of Deep-sea Images (J-EDI)
- Marine Biological Sample Database
« Deep Seafloor Rock Sample Database (GANSEKI)
- COre Electronic Database of Ocean floor (COEDO)

Marine Observation Data

- Argo JAMSTEC

- TRITON web

- Indo-Pacific*

- Subsurface ADCP mooring dataset

« JAMSTEC Compact Arctic Drifter (J-CAD, POPS)*
- JAMSTEC OceanSITES

= Database for time-series stations K2 and 51
« Paleoclimate-Ocean Database

- Extremo Base

« Image database of planktonic foraminifera
« Okinotorishima Island Observations*

= JAMSTEC

Grid 1 Archive System

JAMSTEC Grid Data Archive System

S JAMSTEC UM - R oo 2o S haasree
DARIWIN 525 %y Fimms 25

Data Research System for Whole Cruise
Information (DARWIN)

J=EDI zswufs mpr—

JAMSTESEGHER, of Déep-58a ImBges

JAMSTECE-library of Deep-sea Images
(J-ED1)

Terrestrial Observation Data

- Cryosphere Data Base

Earthquake and Geoscience Data

- Crustal Structural Database Site

+ JAMSTEC Ocean-bottom Seismology Database
(J-SEIS)

- Google Earth as geoscience data browser project

Forecasts and Simulations

= Global Chemical Weather Forecast System

+ Japan Coastal Ocean Predictability Experiment
(JCOPE) System (ocean weather forecasts)

« Low-latitude Climate Prediction Research

« ALERA
(AFES-LETKF experimental ensemble reanalysis)

« ALERAZ

« General Ocean Circulation Model for the Earth
Simulator Center (OFES)

+ Estimated State of Global Ocean for Climate
Research

*Japanese only




JAMSTEC

www.jamst_eé.go.jp

§ @jamstec.jp
@JAMSTEC PR

¥ @jamstecchannel




& JAMSTEC




Application Laboratory (APL) endeavors to realize a sustainable world
through innovations and prudent interactions
between science and society.

{ = > -
1 =

The Application Laboratory a premier research establishment
in JAMSTEC aims to contribute to the society by developing
numerical simulation technologies and by finding ways

and means to apply ensemble model predictions

for the benefit of human health, agriculture, fisheries,

water management, and air and water qjuality.

Director, Application Laboratory Swadhin Behera

&V (el Climate Variability Prediction and Application Research Group

Group Leader Masami Nonaka

We carry out climate predictions that aim to forecast events,

such as El Nifio, up to two years in advance using the state SRS Mocew B BRI NG
-of-the-art coupled ocean-atmosphere model SINTEX-F. AN D

The model can calculate the evolution of atmosphere and ocean
simultaneously, and its forecast skills rank as one of the highest
among the world's leading prediction centers. These forecasts
can be displayed through the publicly accessible APL web page. _ g
We are currently working on societal applications of these El lyino Modoki [ =3
prediction data, including efforts toward reducing the spread - ﬁ" _ Molsriacase
of infectious diseases in South Africa and India, and toward <ok W 1 i
energy management in Japan. Our vision is to develop a
prediction system that can predict climate events with time
scales from one month to one decade, We also strive to predict
the midlatitudes, which remain one of the grand challenges
of climate prediction, by improving the SINTEX-F system and
developing a multi-model prediction system together with
CFES, another prediction model operated by APL,

2V \:lelf Environmental Variability Prediction and Application Research Group

Group Leader Yasumasa Miyazawa

Our group performs research on bath the ocean and the Forecast
atmosphere. The oceanic component aims to understand the
detailed variability of the ocean currents in the global ocean.
The atmospheric component studies air-sea interactions
focusing on atmospheric convective processes to understand
the generation mechanisms of clouds and rainfall and their
possible impacts on oceanic and climate predictability. Data
in order to understand predictability of ocean currents,
especially that around Japan, we perform and validate daily
ocean forecasts (JCOPE). Using the ocean forecast information,
we investigate biogeochemical/marine ecosystem phenomena
including plankton and fish behaviors. Our forecast information
is currently utilized by various stakeholders and will be improved
by further including newly available observations, partly
provided from the stakeholders themselves.
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APL p'rovides beneficialj
predictions fortheiworld

The forecasts are available on the following pages.

http:l/vi.rﬁh.iamsteg;go.iplapll
hitp://www.jamstec.go.jp/virtualearth/

Regional Ocean Prediction (JCOPE)

Ocean forecasts from the sea surface to the seafloor are
achieved by using global ocean observation data from satellites,
ships, floating buoys and so on. These forecasts are utilized by
cargo ships and the Japanese off-shore fishing industry.

Climate Watch

APL maintains a webpage dedicated to the discussion of seasonal
forecasts and current climate events, called Climate Watch.
The site contains reqular updates of the SINTEX-F seasonal
predictions (both in English and Japanese) as well as posts on
various topics of current interest, such as the Peru flooding in
March 2017 or the extreme warming off the coast of southwest
Africa in January 2016.

http://www.jamstec.go.jp/aplinfo/climate/?lang=en

Seasonal Prediction (SINTEX-F)

The SINTEX-F coupled model system is used to predict the
occurrence of tropical climate variability such as El Nifo,
La Nifa, and the Indian Ocean Dipole (I0D). The predictions
are global and therefore dlso provide forecast information
(e.g., about the severity of winter and summer seasons) in
the mid-and high-latitudes. We are also currently testing
a decadal prediction system to investigate long-term
variations in various regions around the globe, including
the southern Atlantic and Indian Oceans.

Fishery and Biogeochemical Studies

In one of our recent projects we have used the JCOPE system to
investigate the long-term population decline of eel and how it
is related to changes in ocean currents, Other projects include
the development of an ecosystem model (including parameters
related to the carbon cycle) that uses JCOPE ocean-current
forecasts as input and forecasts ocean acidity in the coastal
regions of Japan.

M Matine Crisis Watch .

Kuroshio-Oyashio Watch

Using the results from JCOPE, this website discusses recent
predictions, scientific issues, and hot topics regarding phenomena
in the coastal regions around Japan, especially in the Kuroshio
and the Oyashio.

http://www.jamstec.go.jp/aplinfo/kowatch/e/
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Earth Simulator
is a large vector supercomputer, which is particularly suitable for simulations
of the atmasphere, oceans, and other fluids

Our predictions are
used globally
in various sectors

Climate predictions for agriculture
In 2006, the positive Indian Ocean Dipole (I0D) mode resulted in

drought and brought enormous damage to Australia’s agriculture.

The SINTEX-F system predicted this event months ahead. Also, 0D
and subtropical 10D play an important role in the rainfall variability
of eastern and southern Africa. Risks can be mitigated if droughts
are foreseen based on seasonal forecasts and countermeasures
are taken. Hence, SINTEX-F predictions have been used for crop
and livestock management in Australia and Africa.

Climate predictions for human health

Infectious diseases, largely assaciated with climate variations, pose
immense health risks in many parts of the world. In collaboration with
the Institute of Tropical Medicine at Nagasaki University, APL scientists
have investigated the climate link to some of the infectious diseases
(malaria, respiratory and diarrheal diseases) in southern Africa under
the AMED/JICA SATREPS framework. Regional rainfall variations as well
as climate phenomena such as La Nifia and Indian Ocean Subtropical

Dipole are found to be linked with malaria incidence in South Africa.

A malaria early warning system has been developed based on these
pieces of information and skillful SINTEX-F predictions. Diarrheal
diseases in the region are also seen to be linked with the regional
temperature and rainfall variations, and thus there is potential

to develop an early warning system for these diseases as well.

We are also investigating the
potential to predict cholera
outhreaks in India under a
trilateral framework, Towards
a Sustainable Earth(TaSE),
involving institutes in the UK
and India.

‘Ocean and climate predictions for energy sector

Ocean and atmospheric conditions influence several renewable
as well as conventional energy sectors. APL researchers are
working on projects to understand the usefulness of ocean
predictions in renewable energy generation and climate
predictions in energy management.

Application Laboratory s/ jamster.

Japan Agency for Marine-Earth Science and Technology (JAMSTEC)

Yokohama Institute for Earth Sciences
3173-25 Showa-machi, Kanazawa-ku, Yokohama 236-0001, Japan
PHONE : +81-45-778-3811 FAX:+81-45-778-5497

Climate and ocean variation prediction system

Application potential of model prediction data to various fields

SIMSEA

The Sustainability Initiative in the Marginal Seas of South and
East Asia (SIMSEA), initiated by Application Laboratory, is an
international alliance of natural and social scientists working
together to meet the regional challenges of biodiversity
conservation, sustainability of marine ecosystem services, and
protection of human well-being in light of population pressure,
environmental degradation, and climate change/variability.
The overall goal is to generate knowledge that can bring about
transformative change toward sustainability in the marginal seas
of South and East Asia, and to contribute toward sustainability
at the global level.

SUKUMO

Co-working with local stakeholders in Sukumo Bay, Kochi
Prefecture, APL has developed a fine-resolution (200m) ocean
prediction system (SUKUMOS500) that provides hourly updates
via the APL website. The information has been used for fishery
activity as well as oil spill removal. Local stakeholders have provided
in-situ observation data in -

order to evaluate and improve
the ocean prediction system.
Interaction between local
stakeholders and scientists
will benefit the integrated
coastal management in
Sukumo Bay.

an
J9IHCARD RO IST palm

Jp/apl/
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effects, some of which are seen as extreme weather systems outside of | !
the Arctic region, e.g. extreme snowfall occurring in Japan. As such, the
changing Arctic environment is really a global concern.

(1) Weather balloon carrying

Japan, as a nation affected by these changes, and as a world leader in atmospheric instruments
scientific research, has a responsibility to form a commitment to Measure atmospheric variables such as
scientific investigations into the changing environment of the Arctic. air pressure, temperature, and humidity.

Japan is building an Arctic research vessel with icebreaking capabilities
and world-class scientific facilities to fulfill these commitments. This

research vessel will promote the importance of Arctic (2)Helicopter operations

science and work towards sustainable development Helicopters have become “standard

of the Arctic region. equipment” for observations, research,
and safety operations in the distant

Arctic.

Furthermore, Japan remains committed to developing
the next generation of scientists and engineers to
utilize this research vessel and plans to develop further
and deeper collaborations with our international
partners,

@ Deep sea water sampler

Measure variables such as temperature,
salinity, and pressure in the deep sea,
which allow better characterization of
L the engoing changes in the Arctic Ocean.
6) Piston corer going g

Collect seafloor sediment cores
without disrupting the sediment
layers.

(7) Moorings, for fixed-point observations
Maintain JAMSTEC's |
which  monitor phy

changes in the Arctic Ocean



(3)Rainfall/snowfall observations using a
meteorological radar system

Measure weather variables over the Arctic Ocean such as

the wind speed, speed and size of raindrops and snowflakes

inside clouds by doppler radar. (5) Sea-ice observation via autonomous on-ice
and under-ice vehicles

Non-destructive observation above and below
the seaice to:

*Measure ice thickness and floe shape, and
*Observe the marine environment under the ice.

o - !-ﬁﬂﬁﬁﬂﬁ;‘f“ [} -0

w-f;-ﬂ.- i '_l'_" _——‘__
l

(@ Hull and superstructure monitoring of the ship

Collect data on the ships' ice load continued safe
operations and maintenance.

10 Seafloor surveys via ROV/AUV

Underwater data and sample collection

® Echo sounder surveys via autonomous underwater vehicles.

Surveys of bathymetry and biological
resources via echo sounders in the
Arctic Ocean.

schematic Il on function. It may differ from actual condit ind operations




O Major Features

*High-precision and multi-parameter observation
equipment for atmospheric, oceanic, meteorological,
and biological research

«Fuel-efficient hull shape for ice-breaking, ice-resistant
performance, and navigation in ice-free areas

Equipped with an advanced ice-sea navigation
support system

*Dual-fuel engine to reduce environmental impact
*Dynamic positioning system

«Facilities for deployment and operation of Unmanned
Underwater Vehicles (ROV, AUV, etc.)

+Helicopter facilities for safety and sea ice observation

+Ideal research and analysis environment with a
variety of laboratory spaces and excellent network
infrastructure

+Living & working environment for multinational teams

*Potential for multi-use and expandable functions
(e.g. operation and assistance in natural
disaster-affected areas)

O Main specifications (planned)

Length 128m

Beam 23m

Depth 12.4m

Draft 8m

Gross tonnage 13,000 tons

Ice-breaking capable of continuously breaking 1.2 m of
capacity flat, one-year ice at a speed of 3.0 knots
Ice Class Polar class PC*4

approx. 5,600kW x 3,
Dual fuel diesel (DFD) approx. 2,600kW x 1

Variable pitch propeller

Generator Diesel

Propulsion

Accommodation 99 (34 crew, 65 scientists/engineers)

Completion

(planned) November, 2026

* The International Association of Classification Societies
(IACS) has established uniform rules for certifying a ship's
ability to withstand ice in ice-covered sea areas. Polar Class 4
is defined as "capable of navigating year-round operation in
thick first-year ice, which may include old ice inclusions.”







j I8 Introductlon of ENEOS Corporatlon

@ ENEOS Group Policy

We will'give top priority to safety and compliance in all of our business
activities.

The ENEOS Group and its employees will follow the basic policies outlined
below as part of efforts to help build a sustainable society.

1. Comply with environmental laws and regulations;

2. Contribute to the formation of a decarbonized society; and
3. Contribute to the formation of a resource recycling society
4. Promote environmental conservation in business activities;

The ENEOS Grohp and its employees will follow the basic policies outlined
below so that "nobody gets hurt” and "to eliminate accidents".

1. Thoroughly abide by all rules

2. Consistently implement all occupational health and safety activities;
and

3. Enhance crisis management capabilities.

ENEOSHX#Eat

CogTith 1 FHECS Corporation Al Righes Risesrvnd

2. Background

@ Major Oil Spill incidents and influence
(15711 Juliana (Niigata) | ! 119731 PAJ Qil Spill Cooperative (POSCO)
P mutual support organization PAJ and other

i industries P -
(19741 'T‘ank’c’:oﬁapse andspill 1 (CTIO761
Lmto sea from Mizushima Reﬁnery_ﬁ revention of Disasters in Petroleum Industrial
e e e e e Complexes La islated

\
+ Mandatory ©OS equ:pment I
Prevention of Marine Pollution and Disaster T

Law renewed
+ Maritime Disaster Prevention Center (MDPC)
. established
1 (19891 Exxon V“Bese (Alaska) onse Program :
: S SR (S s e * METI subsidy "'?
- Stockpiling OSR equipment
+ R&DProgram = J

International Conference (workshop) o |

T

[ :[}?37]‘ Nakﬁoaﬁaﬁ(rﬁkﬁﬁ “‘""“’ d’\ | Basic Act on Dlsaster Ffanagement amendé'a'"" J

\ e s ————

- [1997] DiamondGrace (ITawasEE*) ]

———rpre——

ENEOQS#HREN

Capyngnt & ENEOS Carpuration  All Repits Heserves) 3



2. Background

@ OSR Equipfhentm |
« Prevention of Disasters in Petroleum Industrial
Complexes Law (FDMA)

- for typical refineries
v Oil boom(max 2.160m), workina boat for extension

v Oil skimmer(capacity 30kL/h). workina boat for
recovery and transportation

» Prevention of Marine Pollution and Disaster Law
(MLIT)
'for typical refineries with petrochemicals}

v Oil boom(1.000mY. dispersant/adsorbent/gelator (total
quantity enable to treat b4kL fuel oil)

v Adding to persistent oil (e.g. heavy oil), emergency
response manual is required for harmful oil

ENEOSHRIaH Cogryneht € ENFOS Corporation All Rights Meserved. &

3. ENEOS Activities

@ Preparedness

. Refi_neries Iglstablished response team and maintain
eauipment; ER_manuals in accordance with regulation

«xJraining and drills are planed and conducted

@ HQ Support
« Interface between PAJ activities and help to introduce
simulation tools

« Thru SHE management system, review effectiveness and
advice opportunities for improvement

@ Other Resources

« Participation to PAJ proaram / training at stockpiling base,
'IMO Level 3
MDPC offers several training course, ER support program
'(e.g. MDSS)
JCGorganized mutual aid locally (BEEHPARRIES) |
‘alternating POSCO's function

ENEOSHmEn Copyrght @ ENEDS Corparatum Al foghts Reserves. 7



Reference

® PAl

@ MDPC
@ JCG

* National Strike Team
@ Clean Sea and Beach Foundation

EMNEOSHIa Copyright © FNECS Comporation Al Rights eserverd. 8

Participant List
@ Taiwan OCA

Ms. Hsiao-Hsia Li ¥ &% OCA(B¥REE) ¥ REEEM AR Director,
Marine Environmental Management Division

* Mr. Hung-Wen Chen [ X OCA(GEB¥REE) B¥RHEHEME #HE Section

Chief, Marine Environmental Management Division

Ms. Hui-Chen Yang 15 ¥ OCA(E*REE) B*REEEE # & Section
Chief, Marine Environmental Management Division

Mr. Yu-Chein Chen [ i OCA(BFREFE) BFRINEEM #A Officer,
Marine Environmental Management Division

Prof. Jenq-Renn Chen [ H{f NKUST(EIS#REXE) HiR
Prof. Ping-Chi Hsu i &% NKUST(EIEHEEKXR) %2
Associate Prof. Tsung-Yueh Tsai £ R&E NKUST(EIZSHHZEKRE) B

Ms. Hui-Ning Yang 1§ M NKUST(EI SR EAR) &FEE Senior
Manager

Ms. Chen Liu 8| #& NKUST(EIZ SR KAL) 882 Manager

@ ENEOS, SHE Dept

« Takashi Yoshida, Deputy Manager

-

Jun Murakami, Safety & Compliance Group Manager
Kenichi Tomita, Manager, Safety & Compliance Group
Yoshihito Shimabukuro, Safety & Compliance Group

ENEOSKER21t Copynght © ENEQS Comporatnn Ao Reghts Reserwsd 0
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Agenda
9:30 —10:20 Video of Tomakomai Project
Presentation on Tomakomai CCS Demonstration Project
10:20 —10:50 Tour of facilities
10:50—11:20 Q&A
11:30 End of Tour
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Company Profile Commissioned Projects/Project Framework

I JCCS company profile and project framework

Date of Incorporation: May 26, 2008 s i CCUS Demonstration Project (F012~) | ‘ o s ‘
% . New and T
Capital: 242.5 million JPY Consigner | Energy and Industrial _mmmw_ ~ J b - X
Capital reserve: 242.5 million JPY — SRR TR !
Shareholders: 33 companies | ZR ch, T and D Ation Projects | e senss | .
e Eleclric power, ity gas, petroleum, plant design/construction, on €O, ship transportation (F12021~) #4 5. consortiu -
tading, e e | B o || | weoo | !
Business Description: : - : = 2
Implementation of surveys, research and development, feasibility 3 Profect to Promote the Creation of Circular Carbon | Contract : Coviraet | Contract
studies, demonstration projects pertaining 1o ’ :ocmm through €O, Recyeling [FY2n21~) i@ @ 3 3
CO, capture, utilization, transportation and storage (CCUS) #6 co. conzortium | X .
technologies. Consignor | MOE | !
No. of Staff: 106 (as of April 2024) 1’?‘:'%'{03’!'5@‘2"3“.":"1“9}. ___________ 3 : i
.4} Investigation of Potential CO, Storage Sites : ;tﬁmp“ : m:;:: gt “;:
FY2014~FY2023) i ;
{= fleliy which provides advice and technical
L § SAOROHOE J METL ] ] : guidance.
Musistry ol Fronamy, Emce = m:wu]
Hinestry of tha Ernarnament [MOE) ]
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Outline of Presentation

® Overview of Tomakomai CCS Demonstration Project
B Key Results of Tomakomai Project
® Public Engagement

H Summary

JCCS

Japan CCS Co,, Lid

Overview of
Tomakomai CCS Demonstration Project

JCCS
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I Project Overview

Main objectives and tasks

Demonstrate a full-chain CCS system from capture
lo storage -

Demonstrate that the CCS system is safe and
reliable

Remove concerns about earthquakes by the data
collecied; :
« Noinfluence by natural earthquakes on CO,
stored ;
« No perceptible earth tremors induced by CO,
injection °

131 CCS Demonstration Cenlar, Tomakomai Cily, Holkleaick

Tomakomai City

Disclose project information and data and enhance

understanding of CCS by local residents
© Tokyo

I Project Scheme

+ A portion of PSA (Pressure S\'Ning Adsorption) offgas containing approximately 50% CO, generated by a hydrogen
production unit in adjacent refinery is transported by 1.4km pipeline to Tomakomai Project capture facilities.

— -

€O, source £C apture E:’* "~ Injection 1 ~ Storage
. Offgas i %
. Containing CO, [ Activated amine processJ ie i i
I i i I Injection wells |
m— e Pipeline 1.4km 2 ! |
-I‘Ii | s I i - : b b . Offshore Tomakomai |
—— Pi—— _ |

Hydrogen production umt of - CO, capture capacity
iiuii ] gl = 260,000 tonnes/year
T\rplcal PSA Uﬁgas Reservoir l
composition (vol%)
CO, = 50%, Moebetsu Formation : Sandstone layers |
H, = 40% 1,000 — 1,200m sub-seabed |

CH, & other gases = 10%

Takionue Formation : Volcanic rock and
volcaniclastic rock
2,400 — 3,000m sub-seabed




Project Schedule
I + 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 §umuiative injection on November 22, 2019
+ Monitoring is being continued

Tomakomai CCS Demonstration Project _ >

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2028 |roowy oo %
— (Apnil to March)

Preparation

Site surveys \J pesign/Construction of
Site selection tacilities, drilling of
wolls. atc.

Monitoring

_— 5
a Monitoring et

Maintenance, Improvement of >
capability, etc.

Study/preparation of
Mﬂpﬂrﬂoﬂdﬁtﬁlﬂdccb

I Bird's Eye View of Tomakomai Capture/Injection Facilities

S .‘ €O, stripping tower S, + CO, rich gas from refinery is sent
) Low-pressure flash tower to CO, absorption tower
. ] ' « Captured CO, is compressed and
sent to injection wells

s Flow gl £5A ofigas

Flow of high purity CO,




Key Results of Tomakomai Project

JCCS

Jopan CCS Co,, Lid

I CO, Capture Process

Two-stage absorption process

Fuel Gas e CO, Capture Results
€O, approx. 0.1% Low-pressure Cap‘mrad co,
Flask Totwas Purity = 99%
Lean Amine { FY2016 | FY2017 | FY2019
€O, Absorption CO, recovery
Tones o {t{hl 3 253 243 d - 26.4
= Reboiler duty
€O, Stripping : 0.923 0.882 0.915
s ~ (GJICo,) N
PSA offgas ) _ - Achieved reboiler duty of 0.882 - 0.923GJ/t-CO,;
COy approx. 50% R (1/2 to 1/3 of conventional one stage absorplion
= ? process)

== £
Rich Ami ' '

JCCS

lapan CCS Co,, Lid



Geological Cross Section / Injection Wells -

@ The captured CO,is oernpressed and stored 3-4km offshore in two sub-seabed reservoirs
at different depths — Moebetsu and Takinoue formations by two independent injection wells

4 Deviated CO, injection wells drilled from onshore to offshore sub-seabed
»  Cost reduction of drilling, operation and maintenance
«  No disturbance on marine environment and harbor operation

Q@ o 03 LA L 2, ne = M 00 M e

Qosarvation w;u =12 Quaternary

3 a0
Landward Seaward
(North) {South) Vo
: il HAspect Ratio=1(1 -
CO, injection record ¥od :
R Moebetsu formation
S- %7 injection: April 6, 2016 to November 22,2019 [ | || : Tl - ' o
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Location of Monitoring Facilities

ction
betsu Fm

rthat

4 OBC (Ocean Bottom Cable): used for 2D seismic
rvey and monitoring of micra-seismi

natural earthquakes. IC sonsor module
Lengih, 1.37 m Diammeter § cm
Whnght 1264
0BC
Note  As a result of optimization study of seismicity monitoring system, operation of onshore seismic station and
0BSs were discontinuad afier JFY 2021
List of events
3D view of hypocenters of events Pre-injection events Events during injection
No. Date Estimated Depth | Mw No. Date Estimated Dopth | Mw
1 4092015 15:03 6.64 km 0.14 10 022017 13:35 7.80 km 0.50
o 2 | 4137015 14:00 5.97 km 0.14 1 | o7 13:36 778 km 0.33
A 3 | 4172015 07:06 8.17 km 0.20 12 | emr2017 13:35 7.70km 033
= a | an7m015 07:08 8.19km 0.19_| post.injection events
5 | AM72015 07:13 8.33km 0.20 e oy
6 | an7/2015 or:1e 7.57 km oaz | | No- Date Estimated Depth | Mw
L 3 7 SMO/2015 08:27 8.50 km 0.04 13 Q242020 11:53 5.86 km 0.59
e '] B8110/2015 19:08 6.76 km 023 14 40172021 04:23 T.A5km 0.23
5 i [ 82002015 23:20 8.18 km 0,44 15 82021 15:00 6.50 km 0.13
2 e = ; 16 | 9nerzozz 1404 435km 012
3 o Pl M 17 | 3merz023 10:26 8.37 km 0.43
;'.T"‘ - . L=
b Hokkaido Easterm burl Earthauaks
E Niw .6 (Sept. 8, 2018}
i . Histogram of events ]! Periad : Feb. 1,2015 - Dec. 23,2023
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Hon
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3D seismic survey results: comparison of 2" to 6™ time-lapse 3D seismic surveys

® 3D seismic surveys detected evolution of CO, plume in Moebetsu Formation.
B CO, saturation distributions by reservoir simulation show a similar trend.

| 2nd monitor survey: About 55,000 tonnes cumulative CO, injection

[3rd monitor survey: 207,209 1onnes cumulative €O, injection

4th monitor survey: 300,012 tonnes cumulative CO, injection
1 months after the termination of injection
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2018 Hokkaido Eastern lburi Earthquake

= At 3:07am Sept. 6, 2018, a moment magnitude 6.6 earthquake at 37km depth occurred in central eastern part of Iburi region of
Hokkaido. Acceleration of 158 gal was observed at Tomakomai CCS Demonstration Center; no damage was incurred by facilities.
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2018 Hokkaido Eastern Iburi Earthquake
| - Bottom hole pressures, temperatures of Moebetsu Formation injection well before/after earthquake

——— Pressure 1 Pressure 2 — Temperature 1 Temperature 2
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I Measures taken by JCCS after the Hokkaido Eastern Iburi Earthquake

® 6" Sept. 2018: Moment Magnitude 6.6 earthquake occurred Key points on JCCS(HP
e 12 Sept 2018: Posted JCCS's views on JCCS on HP 1. No relationship betw
e 19" Ocl. 2018: Convened an expert review meeting . . :

21! Nov. 2018: Posted summary of review meeting on HP

# Report on Expert Review Meeting:

(https://www.japanccs.com/wp/wp-content/uploads/2019/09/Research-
art-on-1 ts-of-Hokkaido-Eastern-lburi-Earthquake-on-CO2-

Reservoir_2nd-edition.pdf)

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




Public Outreach Activities

Voi'ce of Tomakomai Citizens

1. Information Disclosure
Thorough disclosure should be made

2. Safety/CO,leakage
Want more detailed information
on risk of CO, leakage

Monitoring &
Disclosure Plan

2

3. Dissemination to Young Generation
Should consider efforts to involve young generation

Outreach Activities:

= i -

wh

»

&

Public Engagement

Cumulative Outreach Activities
(2012-2023)

Qutreach Activities

1. Site Tours 1. Site Visitors: 16,481 people
le f
2. Panel Exhibitions VAL Reale Yom owersess)

Booths in Environmental

for T k i Citi
i e Exhibitions: 68 times

4. Information Disclosure System
3. CCS Forums: 10 times

5. MI i i . 244 t‘ es
5. Mini seminars for students T seminars im

6. Kids’ lab classes/site tours ‘ 6. Kids’ lab classes: 38 times

$

Project being conducted
with understanding and
support of local community

=

nformation disclosure systgfr

in Tomakomat City -|?¢

JCCS
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Summary

Summary

Re'suits- ;nd Lessons Leéfﬁed

.
»~

¥

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 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










A MESSAGE FROM THE PRESIDENT

The expectations towards CCS as a global warming countermeasure are increasing
internationally year by year. In the Energy Technology Perspectives 2023, published in
January 2023, the IEA (International Energy Agency) projected the contribution needed
from CCUS to achieve net zero emissions in 2050 to be 6.2 gigatons of CO; per year in
its Net Zero Scenario.

In Japan, the Ministry of Economy, Trade and Industry published the “Final Summary
of the CCS Long Term Roadmap” in March 2023, and efforts aiming to secure 13

million tonnes of annual CO; storage by 2030 are being pursued by the 7 model projects
adopted as advanced CCS projects.

Looking back to 2008, Japan CCS Co., Ltd. (hereinafter JCCS) was established through investment by the private
sector in response to the national policy to promote CCS. Currently, as projects commissioned by the Japanese
government and public institutions, JCCS is engaged in four projects; large-scale CCS demonstration in Tomakomai,
Hokkaido. investigation of potential offshore CO; storage sites, CO; ship transportation demonstration, and survey

of the production of sustainable aviation fuel.

The Tomakomai CCS Demonstration Project was commenced in 2012, and with the understanding and cooperation
of the local community, the project safely achieved the target of 300,000 tonnes cumulative sub-seabed CO;
injection in November 2019, confirming that “CCS is a safe and secure system”. In the investigation of potential
offshore CO; storage sites which was started in FY2014, surveys of each site were conducted steadily, and the
results have been reflected in the CCS Long Term Roadmap. Furthermore, in the CO; ship transportation
demonstration project from FY2021, we have commenced construction of facilities that will enable bi-directional
transportation of liquefied CO> between the Maizuru and Tomakomai terminals. In addition, we have also been

participating in the survey of the production of sustainable aviation fuel since FY2021.

Aiming for carbon neutrality in 2050, we view as our mission the contribution towards the realization of the national
policy to establish the social foundation for CCUS by 2030. To this end, harnessing the technology and know-how
that we have nurtured on CCS, we will unite our efforts to continue our role in reaching out to the international

community.
We ask for your continued understanding and support.

June 2023

Toshiaki Nakajima
President
Japan CCS Co,, Ltd.



COMPANY PROFILE

Japan CCS Co., Ltd.

SAPIA TOWER 21IF, 1-7-12 Marunouchi, Chiyoda-ku, Tokyo 100-0005 Japan
https://www.japanccs.com

May 26, 2008

Implementation of investigations, research and development, feasibility studies and
demonstration projects pertaining to carbon dioxide capture, utilization,
transportation and storage technologies.

JPY242,500,000

JPY242 500,000

Hokkaido Electric Power Co., Inc.  Tohoku Electric Power Co., Inc.

Tokyo Electric Power Company Holdings, Inc.  Chubu Electric Power Co., Inc.

Hokuriku Electric Power Company  The Kansai Electric Power Co., Inc.

The Chugoku Electric Power Co., Inc.  Shikoku Electric Power Co., Ltd.

Kyushu Electric Power Co., Inc.  The Okinawa Electric Power Co., Ltd.

Electric Power Development Co., Ltd.  JFE Engineering Corporation

NIPPON STEEL ENGNEERING CO., LTD. CHIYODA CORPORATION  Toyo Engineering Corporation
JGC Holdings Corporation  INPEX CORPORATION  Japan Petroleum Exploration Co., Ltd.

Mitsui Oil Exploration Co., Ltd.  Idemitsu Kosan Co., Ltd. =~ COSMO OIL Co.,Ltd. = ENEOS Corporation
ITOCHU Corporation  Sumitomo Corporation ~ Marubeni Corporation ~ Mitsubishi Corporation

JFE Steel Corporation =~ NIPPON STEEL CORPORATION )

Osaka Gas Co., Ltd.  Tokyo Gas Co., Ltd. ~ MITSUBISHI GAS CHEMICAL COMPANY, INC.

Mitsubishi Materials Corporation ~ Marubeni-Itochu Steel Inc.

(33 companies, as of November 15, 2022)

B FOUNDATION OF JCCS

Japan CCS Co., Ltd (JCCS) was founded in May 2008 when a group of major companies with expertise in CCS-
related fields, including electric power, petroleum, oil development, and plant engineering, joined forces to answer
the Japanese government’s policy to advance CCS as a countermeasure against global warming. JCCS is a special
purpose company dedicated explicitly to developing integrated CCS technology.

B KEY BUSINESS OBJECTIVES

I. Conduct comprehensive investigations and demonstrations of carbon dioxide capture, utilization,
transportation and storage projects in Japan

Conduct investigation of potential CO; storage sites in Japan

Integrate opinions from the private sector for early establishment of laws, regulations and technical standards

LIPS i ]

applicable to CCUS in Japan

Conduct promotional activities for CCUS deployment in Japan

Cooperate with foreign organizations for promotion of overseas CCUS demonstration projects
Collect the latest information on CCUS and collaborate with overseas CCUS research organizations



PROJECTS

m Commissioned Projects/Project Framework

(D Tomakomai CCUS Demonstration Project (Fyz012~) i : ‘
s METI MOE
Consignor New Energy and Industrial Technology ‘

Development Organization (NEDO) - :——i-—~ -I o

Sotwidia 20

coeralitg experies .

@ Investigation of Potential CO, Storage Sites (FY2014~) |
|

Consignor 1 METI ‘ . [ MOE I NEDO
Ministry of Economy, Trade and indusery (MET) i ‘
Minisiry of the Environment {MOE) et
Contract Contract Contract
® Research, Developmentand Demonstration Projects SIg®) @ @

on CO; shiptransportation (FY2021~) #4co consortium

New Energy and Industrial Technology |
e Development Organization (NEDO) ,
@) Projectto Promote the Creation of Circular Carbon # Each projectis conducted by establishing
goclety Modgl through CO, Recycling (Fy2021~) an expert commitiee comprised of expertsin
#6 co. consortium each field which provides advice and

Consignor technical guidance.

m Tomakomai CCS Demonstration Project (JFY2012~)

With a view towards implementing a CCS demonstration project, Japan CCS conducted geological surveys to
confirm that the Tomakomai site was suitable for CO, storage. Although there was a large body of subsurface
geological data amassed from oil and gas exploration in this area over many years, marine 3D seismic surveys were
conducted in 2009 and 2010, and two survey wells were drilled in 2010 and 2011 for further confirmation.

As a result of detailed analysis and evaluation of the newly acquired data, Japan CCS confirmed that the geological
structure of the Tomakomai site was suitable for CO: geological storage and that the demonstration project could
be conducted safely.

Japan CCS summarized the results in the report "Comprehensive Reservoir Evaluation at the Tomakomai Site", and
submitted the report together with the "Demonstration Test Plan at the Tomakomai Site (Draft)" to METI in October
2011. An expert evaluation committee was held by METI, and in February 2012, METI conducted a public tender
of the "FY2012 CO; Reduction Technology Demonstration Test Project (pertaining to obligatory assurance of
national subsidization for a multiyear construction project)" for the four years until FY2015, which resulted in Japan
CCS being selected as the contractor.

During the four years from FY2012 to FY20135, Japan CCS designed and constructed facilities for capturing high-
purity CO; from gas containing CO: generated from a hydrogen production unit of a refinery and injecting the CO,
into the subsurface. In addition, one existing survey well was converted to an observation well, and two observation

wells and two injection wells were drilled.



At the same time. in order to confirm that the CO;
injection into the reservoir does not affect the
surrounding environment, Japan CCS installed a
monitoring system for formation and earthquake data and
obtained baseline data prior to injection. In addition,
since the formations where CO; is stored are under the
seabed, Japan CCS conducted a preliminary survey of
seawater and marine life in accordance with the Act for
the Prevention of Marine Pollution and Maritime

Disasters.

Having completed this preparatory work, from April 2016, Japan CCS commenced injection of CO; into a formation
about 1,000 meters below the seabed in the port area of Tomakomai as well as monitoring during injection, with the
aim of achieving 300,000 tonnes cumulative injection. The monitoring work being conducted includes monitoring
the behavior of the injected CO; (migration, distribution), marine environmental surveys, etc., to confirm that there
is no seepage of CO3, as well as continuous monitoring of micro-seismicity and natural earthquakes. On November
22, 2019, the CO; injection reached the target of 300,000 tonnes, and injection was terminated the same day.
Monitoring work is being continued after termination of injection.

The Japanese government has set out a policy to utilize Tomakomai as a demonstration base for carbon recycling
and is advancing studies aiming towards the interoperation of CCS and CCUS.

H SCHEDULE

Contract Period: JFY2012~

* From JFY2012 to JFY2015: Preparation
Activities including the design and construction of facilities, drilling of wells, and preparation for
demonstration operation were carried out.

* From April 2016 to November 2019: CO; injection and monitoring of CO>
On November 22, 2019, the target of 300 thousand tonnes of CO; injection was achieved, and injection was
terminated.

* From November 2019: Post-injection monitoring, maintenance of facilities, improvement of capability, etc.

* From JFY2021: Study/preparation of the interoperation of CCS and CCU

JFY
§ 0is | 207 2018 | 209 | 020 | aomr | 052 | 2031

November 22, 2019: Achleved target of cumuiative COs Injection of 300 thousand tonnes

CO: injection
T oo,

—— Monitoring *
Maintenance of facilities, improvement
of capability, etc.
Study/preparation of the
interoperation of CCS and CCU
(*) Monitoring the behavior {migration, distribution) of the injected COs, confinuous manitoring of micro-seismicity and #Years are In Jupansss Flscal Years (JFY- April

natural earthquakes, marine environmental menitoring o delect for possible CO: seepage are being conducted. of calendar year lo March of following year)



m [nvestigation of Potential CO; Storage Sites (JFY2014~)

In order to conduct CCS, a geological formation that can stably store a large amount of CO; is required. According
to surveys conducted between FY2005-2012, the geological formations in Japan are estimated to have a total storage
potential of about 240 billion tons of CO-. Although the total storage potential is considered to be sufficient, more
detailed investigation is required to determine how suitable individual candidate sites are for storage.

For this reason, the Ministry of Economy, Trade and Industry and the Ministry of the Environment jointly launched
the "Investigation of Potential CO, Storage Sites" from FY2014. Japan CCS has been entrusted with and has

continued the implementation of this project.

In this project, we start investigating candidate sites using existing data and literature. Next, the geological structure
is delineated by seismic surveys, etc., and this data is utilized to narrow down the areas suitable for storage. At
candidate sites with expectations for large storage capacity, detailed investigation is carried out on issues such as
whether the stored CO: will leak, whether the geological structure is stable, and the amount of CO: that can be
stored, and sites with higher potential are extracted.

Lowering airgun inta the wea Lawering sireamer cable into the sea

Conceptual diagram of sesmic survey

m Research, Development and Demonstration Projects on CO; Ship
Transportation (JFY2021~)

In June 2021, a consortium of 4 companies’! including Japan CCS was jointly commissioned by the New Energy
and Industrial Technology Development Organization (NEDO) to conduct “CCUS R&D and Demonstration Related
Projects / Large Scale CCUS Demonstration at Tomakomai / Demonstration of CO; Transportation / Technology
Development and Demonstration of CO; Ship Transportation™.

With a view towards the social implementation of CCUS around 2030, which envisages the long-distance/mass
transportation of CO; from emission sources to utilization/storage points at a scale of 1 million tonnes per year, the
project will conduct research and development leading to cost reduction of transportation technology, as well as aim
to establish liquified CO; transportation technology through demonstration tests and related investigations.

CO; captured in another project 2 will be liquefied in a terminal in the Kansai Electric Power Co., Inc. Maizuru
Power Plant and transported back and forth between a terminal in the Hokkaido Electric Power Co., Inc. Tomakomai
Power Plant.

*1 4 companies: Japan CCS Co., Ltd , Engineering Advancement Association of Japan, ITOCHU Corporation, NIPPON STEEL CORPORATION
*2 Another project: NEDO Project "Research on Application of Advanced Solid Absorber on Coal Combustion Flue Gas”
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Maizuru Coal Fired Power Plant
Scope of Demonstration Project by a ship with 999 gross tonnage E
Nole: Figure adapted from MET

m “Project to Promote the Creation of Circular Carbon Society
Model through CO; Recycling” by the Global Environment Bureau,
Ministry of the Environment (JFY2021~)

In August 2021, a consortium of 6 companies™ including Japan CCS was jointly commissioned to conduct “Project
to Promote the Creation of Circular Carbon Society Model through CO; Recycling” by the Global Environment
Bureau, Ministry of the Environment.

In achieving the targets of the Paris Agreement, there are high expectations for environmental innovations including
CO; capture, storage and recycling, making renewable energies into mainstream power sources, expanding the use
of hydrogen, and decarbonization of fuels. Also, in the aviation industry, the International Civil Aviation
Organization (ICAO) has defined CO emissions reduction targets in CORSIA (Carbon Offsetting and Reduction
Scheme for International Aviation) and aiming for the use of SAF™ in aviation as an effective means of reduction

strongly urges its stable production and supply.

The P2C™ plant being studied in this project will use artificial photosynthesis technology to reduce the CO2
captured from emission sources into CO, which will then be reacted using the FT synthesis™ process with hydrogen
originating from renewable energy to produce liquid fuels such as jet fuel, light oil, etc,

P2C is expected to significantly reduce the amount of CO; emissions and greatly contribute to achieving carbon
neutrality.

S 2

=
L0z atwrption
H K bry plants

*1 6 companies: Toshiba Energy Systems & Solutions
Corporation, Toyo Engineering Corporation, Toshiba
Corporation, Idemitsu Kosan Co., Ltd., Japan CCS Co, Ltd,,

lll{

All Nippon Airways Co,, Lid

*2 SAF: Sustainable Aviation Fuel (jet fuel produced from
sustainable supply sources with low-CO; emissions in the
process from the production and collection of raw materials to
combustion}

*3 P2C. Power-to-Chemicals (a CClUfcarbon recycling
technology that uses renewable energy, renewable hydrogen,
etc to convert CO: into products with high environmental
value. P2C significantly contributes not only to the reduction
of CO; emissions but also the dissemination of renewable
energy.

*4 FT synthesis: Fischer-Tropsch synthesis (a series of
technologies that synthesize liquid hydrocarbons from CO and
hydrogen by utilizing a catalytic reaction)
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Japan CCS Co., Ltd.

SAPIA TOWER 21F, 1-7-12 Marunouchi, Chiyoda-ku, Tokyo 100-0005
TEL: +81 3 6268 7387 URL: https://www.japanccs.com






Project at a Glance

Project Description

The Tomakomai CCS Demonstration Project is Japan's first full-chain CCS demonstration project being
conducted by Japan CCS Co., Ltd. (JCCS) in Tomakomai City, Hokkaido Prefecture, Japan. The project has been
conducted over a 10-year period from JFY 2012 to 2022. The Implementation of the project was commissioned to
JCCS by the Ministry of Economy, Trade and Industry (MET!) between JFY2012 and 2017, and from JFY2018 by
the New Energy and Industrial Technology Development Organization (NEDO) with subsidies from METI. The
objective is to demonstrate the viability of a full CCS system, from CO, capture to injection and storage. After a 4-
year period of the construction of facilities, the demonstration operation commenced in April 2016 by capturing,
injecting and storing approximately one hundred thousand tonnes/year or more of CO, in offshore reservoirs in
the Tomakomai port area. On November 22, 2019, the project successiully achieved the target of 300,000 tonnes
cumulative sub-seabed CO, injection, confirming the safety and reliability of CCS.

The post injection monitoring stage is being conducted under the commission of NEDO.

Project Site: Tomakomai City, Hokkaido

* Tomakomai City,
Hokkaido, Japan

CO, Source Caplure Type | Reservorr CO; Injected
Hydrogen Industrial separation/ Sandstone layers at Cumulative injection: 300,110 Deep saline
production unit Chemical absorption 1,000-1,200m depth tonnes aquifers
RO M Volcanic and volcaniclastic rocks Injection period: under seabed
at 2,400-3,000mcepth Apr.6, 2016 - Nov. 22, 2019

Project Scheme

Typical PSA offgas ity | =
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Eﬁ! m.. .Ilﬂ 3 I . ‘

H; 07 Containing CO, I m_i L "'] ¥

CH, & 10% |2 |

othar gases I Pipeline 1.4km | 2wells T i i

Hydrogen productionunitof @
Existing oil refinery = 000 tonnes/year

0, capture capacity
2do,

Reservoir

Moebetsu Formation : Sandstone | | ———aResert

[1,000- 1.200m sub-seabed

GCap roek

2,400 - 3,000m sub-seabed

Objectives & :Fasks

Demonstrate an integrated CCS system from capture to storage
Confirm existing technologies adopted in the system work properly and efficiently
Demonstrate that the CCS system is safe and reliable
Confirm effectiveness of METI site selection guideline by demonstrating no leakage
Remove concerns about earthquakes by the data collected

— Natural earthquakes have no effect on stored CO,

— No perceptible tremors are caused by CO, injection
Confirm that guidelines for building and improving geological models are appropriate
Prepare technical standards of operation and safety for practicalization of CCS technology
Disclose project information & data and enhance understanding of CCS by the general public
Clearly define areas to be improved or solved for commercialization



Progress to Date & Demaonstration Schedule

Selection of Tomakomai Area

Tomakomai was selected from among 115 candidate sites as a result of comprehensive investigations and site
surveys and was authorized by the Evaluation Committee organized by the Ministry of Economy, Trade and
Industry of Japan (METI). The data collected by detailed site surveys were used to establish a geological model
and to perform simulation of long-term CO, behavior prediction. The results obtained revealed that the geological
structures and formations in the Tomakomai area were highly suitable for geological CO, storage.

Schedule: - Contract Period: From JFY2012 to JFY2023 -

= From JFY2012 to JFY2015: Preparation

Activities including the design and construction of facilities, drilling of wells, and preparation for demonstration
operation were carried out.

» From April 2016 to November 2019: CO, injection and monitoring of CO,
On Novernber 22, 2019, the target of 300 thousand tonnes of CO, injection was achieved, and injection was
- terminated.

= From November 2019: Post-injection monitoring, maintenance of facilities,
improvement of capability, etc. -

= From JFY2021: Study/preparation of the interoperation of CCS and CCU

Site surveys \ Preparation CO, Injection

} 7 DesignvConstruction of CO, capturelstorage
Site selection facilities, drilling of welts, ste. =R LI orot

Post-injection
Monitaring ‘ Monitoring

capability, etc.

mmm.inmmmo>

. Study/preparation
of interoperation of
CCS and CCU




Main Features of Tomakomai Project

Main Features
= First full cycle CCS system deployed in Japan
* Low energy CO, capture process — Page 4

= First case of deviated CO, injection wells drilled offshore from onshore site
— Page 5, 6
= Cost reduction of drilling, operation and maintenance compared to offshore drilling
» No disturbance on marine environment and harbor operation

= Extensive monitoring system — Page 7

= Confirm safety and stability of CCS system
= Remove concerns about earthquakes

= CO, storage governed by Act on Prevention of Marine Pollution & Maritime
Disaster (Japanese law reflecting London Protocol) — Page 8

= First case of CCS near urban area; extensive public outreach activities engaging
local government, residents and industry — Page 10

Bird's Eye View of Tomakomai Capture/Injection Facilities

CO, absorption tower

Injection wells S S0 - ¥ CO,stripping tower |

- S . 8 Low-pressure flash tower

4= Flow of PSA offgas
Flow of high purity €O,




CO, Capture Process

Two-stage Absorption System with Low-pressure Flash Tower
® Depressurization in Low Pressure Flash Tower strips substantial portion of CO,
" Energy consumption is 1/2 to 1/3 of conventional CO,, capture process

The CO, source is a hydrogen production unit (HPU) of an adjacent oil refinery, which supplies off gas containing
approximately 50% CO, from a Pressure Swing Adsorption (PSA) hydrogen purification unit. In the capture facility,
gaseous CO, of 99% purity or more is recovered by a commercially proven amine scrubbing process. A two-
stage absorption system including a low-pressure flash tower reduces the amine reboiler duty in the capture
system, and achieved a reboiler duty of 0.882 - 0.923GJ/t-CO2 which is 1/2 to 1/3 of a conventional one stage
absorption process.

Two-stage absorption process

Fuel Gas
co, approx. 0.1% Low-pressure Captured CO,
Elash Tower Purity = 99%
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- . 3
Tower
Semi-lean
CO, Strippi
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CO, Injection

Injecting from Onshore to Offshore
® Deviated wells from onshore to offshore

= Cost reduction of drilling, operation and maintenance compared to offshore drilling
= No disturbance on marine environment and harbor operation

At the onshore injection facility, the CO, is compressed and injected into two different offshore reservoirs by two
separate deviated wells. The storage points are located 3 to 4km offshore. The shallow reservoir (Moebetsu
Formation), a saline aquifer mainly composed of sandstone located approximately 1,000m below the seabed, was
reached by an extended reach driling (ERD) well with a maximum inclination of 83 degrees, vertical depth of
1,188m and horizontal reach of 3,058m. A perforated liner covered by sand control screens was set over the
injection interval of almost 1,200m in length in order to minimize sand flow back into the well. The deep reservoir
(Takinoue Formation) is a saline aquifer composed of volcanic and volcaniclastic rocks located approximately
2,500m below the seabed. The deep injection well has a maximum inclination of 72 degrees, vertical depth of

2,753m and horizontal reach of 4,346m.

Heads of injection wells

Injection well
Takinoue For

Geological cross section
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Schematic Diagram of Injection Wells

Injection Well for Moebetsu Formation
Drilling: 12" Mar. 2015 - 22™ Jun. 2015

KOP Vertical Harizontal Maximum Drill
GL depth depth reach inclination depth

240m 1,188 m 3,058 m 3,650 m

Casing of CO,
resistant steel

Tubing of CO
Y v CO, resistant cement

stant steel
Perforated liner of
CO, resistant steel

.
-
-
- -
- i
_____
-

CO, resistant cement [_Pmsunrrmmm | "ﬂjm;tfon ff;{e}:}“]
194, V2

: ing-retri |
voree ::ft:t';gvﬁuevab * Perforated liner covered by screens at injection interval

1,400 l'lOIl} 800 4,020 1,760 mm
Screen
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Injection Well for Takinoue Formation
Drilling: 19th Oct. 2014 - 25th Feb. 2015

KOP Vertical Horizontal Maximum Drill
Depth depth reach inclination depth

925 m 2,753 m 4,346 m 5,800 m

Slotted liner at reservoir injection interval

Tubing of CO,
resistant steel

Slotted liner of CO,
resistant steel

/
/ /
CO, resistant cement

Casing of CO,
resistant steel



Monitoring & Verification

Objectives of Monitoring and Verification

= Confirm the safety and stability of CO, injection
= The CO, behavior in the reservoirs is being monitored continuously to detect for any CO, leakage.

= Seismic surveys to delineate the subsurface CO, distribution, and monitoring of the injected CO. volume,
formation pressure and temperature are being conducted.

= Baseline seismic surveys were conducted during the site survey and preparation phases, and time lapse
2D and 3D seismic surveys are being conducted.

= The monitoring is being used to update a simulation model to predict CO, behavior.

= Verify that natural earthquakes do not affect the stored CO,, and that CO, injection

does not cause any increase in perceptible tremors
= Monitoring of natural earthquakes and micro-seismicity is being conducted.

= Monitor the marine environment
= Marine environmental surveys are being conducted on ocean currents, water quality, seabed mud, marine
organisms, etc., in accordance with the “Act on Prevention of Marine Pollution and Maritime Disaster”.

Monitoring equipment/work and monitored items

Monitoring System -
An extensive monitoring system comprising 3 _
observation wells, 4 ocean bottom seismometers, 1
ocean bottom cable, wellbore temperature/pressure,
and flow meters was established to continuously
measure the temperature and pressure of the
reservoirs, the flow of CO, into the reservoirs, and
to monitor natural earthquakes and micro-seismicity.

As a result of an optimization study of the seismic
observation system, it was confirmed that highly
accurate micro-seismicity monitoring is possible
without the onshere seismic station and OBSs.
Therefore, it was decided to stop the operation of
the onshore seismic station and OBSs from FY2021.

Until JFY 2020 E

+ Onshore seismic station
= Three observation wells » Three observation welis
« OBC + OBC

« Four OBSs

+ Combination of 2D. 3D and 2D - muni-3D seismic survey « Mini-30 seismic survey




Monitoring & Verification

Schematic Diagram of Sensors Deployed for Monitoring
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removed and have not been used since JFY 2021.

Marine Environmental Surveys

Subsea CO, geological storage is regulated by the “Act on Prevention of Marine Pollution and Maritime Disaster”,
enforced to reflect the London 1996 Protocol. Marine environmental surveys were conducted in FY2013 and
FY2014, from FY2016, seasonal surveys are being conducted quarterly.

Marine environmental surveys have been conducted under the five-year injection permit (FY2016-2020 and
FY2021-2025) from Ministry of the Environment (MOE) which requires the implementation of a “monitoring plan”
approved by MOE.

After evaluating the performance and effectiveness of the marine environmental survey results, the implementation
items were reduced with the approval of the Ministry of the Environment.

Four survey points shallower than 10 m water depth were excluded because their chemical properties are very
unstable by vertical mixing of sea water and atmosphere, and the number of survey points was reduced from 12 to 8.
Chemical measurements of sea bottom sediments and benthos observation were changed from mandatory to when
necessary.

Until JFY 2020 B
40T T =

@® Survey point / ’ @ Survey point |

+ Seasonal survey at 12 survey points = Seasonal survey at & survey points

» Chemical measurements of seawater = Chemical measurements of seawater

* Chemical measurements of sea boltom sediments = Chemical measurements of sea bottom sediments (conductod

S arfoar

* Plankton observation * Plankton observation

+ Benthos observation » Benthos observation (conducled as needed)

= Seismic survey (once a year) = Seismic survey (lwice in 5 years)

» Pressure and temperalure al the injection wells and the + Pressure and temperature at the injection wells and the
observation wells observation wells
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Results of CO,

= Achieved 300,110 tonnes

Key Results

Injection

Injection record of Moebetsu Formation

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

= The maximum bottomhole
pressures recorded during
injection in the Moebetsu
Formation were much
lower than the upper limit
set to avoid destruction of

® April 1st, 2016 —December 31st, 2019

~—Boliom Hole Pressure

B 8 § 8

Cumulative Injection (1x 10%)

100

Annustized Injection Rote (8- 10%year)

A A A A
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Bottom How Presture (MPaG)

the overlying cap rock.

Results of Micro-seismicity Monitoring
= No micro-seismicity or natural earthquakes attributable to CO, injection were detected in vicinity of injection area.

5

Depthikm)

10
L

3D view of hypocenters of
events (as of April 8, 2023)

Injection well for Moebetsu formation

, Injection well for Takinoue formation

) Pre-injection events
[J Events during injection
@ Post-injection events

% Detectability: Mw 2 - 0.5

3D seismic survey results: comparison of 2nd to 5th time-lapse 3D seismic

surveys
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Public Engagement

In Tomakomai City

Tomakomai City has a population of 169,000 and as the operation is taking place in the port area, intensive
stakeholder engagement has been implemented since FY2011. Securing the strong support of the Tomakomai
government, a wide range of activities; providing information on JCCS's website, exhibitions and forums for
residents, receiving site visits, engaging in consuitation and collaboration with government officials and fishery
cooperatives, conducting interviews with local and national media, etc., is being carried out.

Tomakomai CCUS/Zero Carbon Promotion Association
= Activities

» Attraction of CCS Demonstration Project to Tomakomai

= Information communication to Tomakomai citizens on CCS, etc.

® Chairman: Tomakomai City Mayor
= Secretariat : Tomakomai City

= Members: All major corporations in Tomakomai and industrial associations
including Tomakomai Fishery Cooperative

FARCCUS- ¥ah—Hy
Association Meeting NAENeAR X

T e b i o b e g e Bk

Newsletters

Various Activities for local Commumtles

CCS courses for senior citizens Science classes & site tours for school children
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