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“The world is full of resources ! "

* Let’s extract magnesium from seawater
* Let’s recycle and fix carbon dioxide

* Let’s realize a hydrogen society
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QOur goals in the SDGs

IHI]JSTR\" INNOVATION 'l 2 RESPONSIBLE CLIMATE
AND INFRASTRUCTURE CONSUMPTION ACTION
AND PRODUCTION
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Our strategy
We propose the required

carbon dioxide reduction
measures for all
companies, governments
and organizations.
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Business Overview

We are currently conducting business under the banner of “Making Japan a
Resource-rich Country ”.

@ Collect magnesium and lithium contained in ocean water and supply purely
domestic low-CO, magnesium as a component of next-generation core industries
such as automobiles and robots.

(2)Use a power generation method that utilizes a combustion reaction between
magnesium and CO, to achieve both heat / power supply and CO, fixation.
Produce hydrogen by thermally decomposing methane and lignite using the

3000° C heat generated during combustion. Water is decomposed by the IS process
to produce hydrogen.

(3Make methane and hydrogen, which become renewable energy sources,
underground in Japan.

The Japanese government has announced the policy "Achieve substantially zero
greenhouse gas emissions by 2050." This project will protect Japan's status as an
export nation and at the same time contribute to global climate change
countermeasures.
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[ "Making Japan a Resource-rich Country! " Mandala ]
Overview @ |Magnesium /lithium mining

Deploy in various industries

[New extraction method] [New reduction method]

Japanese Patent Application Japanese Patent Application
'Magnesium recovery method "Magnesium recovery method
and magnesium recovery device" and magnesium recovery device"

i .
Overview(®? | Mg + CO, combustion power

A @ generation / CO, fixation

Japanese Patent Application

| £

"Carbon fixation device

for power generation"

Promotion of CO, dissolution
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Hydrogen Supply

Generation of renewable energyv hydrogen
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| R b 3 “Underground generation of renewable energy methane and
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Problem 1

Does Japan lack resources? ?
Solution
Create sustainable and
revitalizing domestic resources
to become a resource exporter



Ploblem 2

CO,reduction is a global

i1ssue
Solution
Promote CO, recycling
and fixatiuon




Ploblem3
Realizing a hydrogen
society
Solution
Supply hydrogen derived
from renewable energy




Part 1

Focus on magnesium, for
which there 1s a strong
latent consumer appetite
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Applications of
Magnesium
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Current status of
magnesium production

China monopolizes 85% of world
production; large amount of CO, emitted
due to coal fired power generation
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2021 Magnesium price hikes

FINANCIAL TIMES

China’s magnesium shortage threatens global car industry =~ Magnesium delivered to Europe duty unpaid

Price ($)
Production curbs in the country have hurt stockpiles of a key ingredient to make aluminium
in vehicles
10000
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. Source: Argus Media
Almost 90 per cent of the world's magnesium production comes from China, where the local government ordered roughly 35 of its ©FT
S0 magnesium smeiters to close until the end of the year © AFP via Getty Images
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Magnesium is lighter and
stronger than aluminum
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(Example of other groups) NEDO Project
Using magnesium for the next Shinkansen

Ve e Succeeded in trial production of one of the world's largest
((-_NEDO ggﬁ/ﬁ%g!ﬁﬁﬁﬂiéﬂ%&ﬂ partial body structure of a high-speed railway vehicle

using flame-retardant magnesium alloy

NEDO and the Innovative Structural Materials Association (ISMA)
succeeded in prototyping a partial body structure of a high-speed
railcar that has the same cross-sectional size as a Shinkansen car, in
cooperation with ISMA members Japan Transport Engineering
Company, Kawasaki Heavy Industries, Ltd., Sankyo Tateyama Co.,
Ltd., Gonda Metal Industry Co., Ltd., Sumitomo Electric Industries,
Ltd. Fuji Light Metal Co., Ltd., Dai Nippon Toryo Co., Ltd.,
National Institute of Advanced Industrial Science and Technology,
and subcontractors Kinomoto Shinsen Co., Ltd. and Million
Chemical Co., Ltd. This body structure is one of the largest
structures in the world that uses only flame-retardant magnesium
alloy.
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By 2050, Toyota will make all cars built and
run CO,-free

Challenge Z&O Life Cycle Zero CO2 Emissions Challenge

= Environmental Challenge = 2030 Milestone

Completely eliminate all CO2 emissions
throughout the entire vehicle life cycle C0: 25 / Reduce CO: emissions by 25% or
0

more throughout the entire vehicle
life cycle compared to 2013 levels ?

» ' by promoting activities for the milestones of Challenges 1 and 3 with
ﬁ support from stakeholders such as suppliers, energy providers,
I (o) (o)

Infrastructure developers, governments and customers

W
OpO
» O —
L= Specific measures

We will strive to reduce CO2 emissions throughout the entire vehicle life
cycle including manufa(tunng to driving and disposal stage from both
sides of technologica opment and value chain collaboration.

MATERIAL PART

Develop low-CO2 materials and
expand use of recycled material

Operate commercial trucks using
fuel cell technology

15 ©2020 Aonbarr Inc. all rights reserved. <From Toyota Motor WebSite)



OK, let's make pure
domestic magnesium
from seawater
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COz-free magnesium made from seawater

Japanese e Patent Application 2019-199829
"Magnesium recovery method and magnesium recovery device"

[Deployment as a structural material]

[New extraction method] [New refining method]

Mmoo.oqog%

CPPED B98I0

Li

Lithium 30.973761

[Byproduct]
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Part 2

Let's recycle
carbon dioxide



Japan-Scotland Collaborative Technology
Development Grant for Ocean Development
by Japan foundation 2019
Yokogawa Electric and

Aonbarr jointly proposed to

adopt CO, recycling
. YR
J U —‘
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CO; fixation is important

Regarding the publication of the Intergovernmental Panel on Climate Change

(IPCC) "Special Report Global Warming of 1.5°C (*)"

http://www.env.go.jp/earth/ipcc/6th/ar6 sr1.5 overview presentation.pdf

[Summary]

A rise of 2 C is dangerous. It must be kept at
1.5°C. For that purpose, reusing CO, is not
enough, we have to reduce it from the air!
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Let’s get carbon dioxide

out of the ocean by calcium & magnesium.
Direct Ocean Capture (DOC) is applied by ARPA-E project too.
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Magnesium for the purpose of CO, fixation

"At the conference, the chemical formula for extracting
CO, from the atmosphere

and making it into magnesite was also announced.
When CO; in the atmosphere is injected into water,

it it dissociated, producing carbonic acid.

From there, pure magnesium combines with

the carbonic acid to form magnesite (MgCQOs3). "
(Excerpt from the article)
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New patent applied on 12/March/2021.

The patent shows new Direct Air Capture(DAC) method
EdPRIZE WHO WHAT ACT STORIES

S100IVI GIGATON
SCALE CARBON

REIVIOVAL

PHASE Announcement

XPRIZE
CARBON [ ELON MUSK
REMOVAL

Enter email for updaies

OVERWEW

https://www.xprize.org/prizes/elonmusk
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OK, let's kill two birds
with one stone
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Power generation by burning magnesium and CO,
Japanese Patent Application
Killing two birds with one stone:
clean thermal power + power generation

Fixation of emitted CO,
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CO, and magnesium are burned and
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The third wave of CO,-free power generation

[solar] [magnesium]

VY

Mg+C0O,=MgO+C
2500°C heat

(From METI website) BONUS
CO: reduced

27
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Currently working as a member of
the Carbon Recycling Fund in Japan

CARBON
RECYCLING
FUND INSTITUTE




(lJ RS e Outline of Carbon Recycling Fund Institute (CRF)

B History Established in August 2019, CRF aims to solve the global warming
while improving the access to energies in the world at the same
time by supporting the creation of innovations that contribute to

carbon recycling.

B Mission Supporting the social implementation of carbon recycling
and the private sector’s business efforts in collaboration

with the government

B Business scheme Contribution

Funding
o Members :
' : h - Regional
L . . 5
grants

Business support,
policy recommendations, research etc.

Carbon Recycling Fund I_nstitilt;-"

Cross-industry
collaboration, and

: » innovation international
m men H
SO collaboration

and social

implementation

Support

H URL https://carbon-recycling-fund.jp/aboutus/en.php
https://carbon-recycling-fund.jp/

© 2020 Carbon Recycling Fund Institute

We contribute to innovation by using CO, as a resource.




Japanese government
is interested to make
Hydrogen society.
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OK, let's make a
hydrogen by the heat.

©2020 Aonbarr Inc. all rights reserved.



Hydrogen generation
using water as a raw
material

©2020 Aonbarr Inc. all rights reserved.



Hydrogen production
by means of IS process

IS Process Research and Development

IS Process Research and Development is conducted R&D on hydrogen production technology using a high temperature gas-cooled
reactor which is a promising candidate for next generation energy source. The hydrogen production technology named IS process is

thermochemical water splitting chemical process using chemical compounds of iodine (I) and sulfur (S). ¢ b i — )I j Y 7
¥ & - U
. Thermal water splitting N '4
High-temp. | o : , \
a00°c| T 2 ® Heat over 4000°C is # $
required.
Bunsen reaction % N .

i s 0o | 1 proces Mg+CO=MgO+C
® Below 900°C using chemical <:[I 15000C heat

2HI + HJ50,
Ly + SO, + 2H,0 . S0z reactions of iodine (I) and sulfur (S)
¢l ; :
o ® [and S plrc_u]ate in the process 9OOOC
Water. (No emission of harmful chemicals)
Decomposition of H.O Decompositio ® Drive with HTGR
hydrogen iodide (HI) 2 n of sulfuric (No CO, emission)
acid

The world's energy system depends on finite and uneven distribution fossil fuel resources. The hydrogen utilization like a fuel call car
can be a candidate to solve this problem. In order to realize the hydrogen energy economy, all of advantage, which is suitability for
mass production, economical, and environmental friendly, is essential for the hydrogen production technologies, raw materials, and
primary energy. In recent years, water splitting hydrogen production methods powered by nuclear energy and renewable energy have
much attention to satisfy all of these requirements.

(Cited from JAEA website)
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Liquid fuel production
using hydrogen as a raw
material

©2020 Aonbarr Inc. all rights reserved.



Domestic liquid fuel that utilizes CO,-
reducing hydrogen generation

[Abundant groundwater of Mt. Fujil = [Hydrogen production] [Ammonia production]

1
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Mg+CO=MgO+C
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Hydrogen generation with

renewable energy-derived raw material

r -
ﬁ L g
Mg+COz—MgO+"C
. 1500 C heat

| iiar»

methane (=

"Underground generation of renewable
energy methane and hydrogen"
Patent applied
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4% > hydrogen

(Japanese Patent Application No. 2019-076894)

Hydrogen supply

ERAZ OruMES
X

we Wk D

llmﬂ#!ﬁ! Hﬂ(ﬂi&ﬁﬂl

HFene-FarM

FCsiR KERE- REAFC
]
i ’ )
Ak &5 i m
rved. AESToMAZE FCRY—F— H—STLFC FCMEED



e Established December 13, 2004
e Capital 10 million yen
e Company name: Aonbarr Inc.

e (Founded the company after an early retirement from Yamaha
Motor Co., Ltd.)

e President & CEO Shigetoshi Sakurai
e"Meet the world's demand by pursuing the creation and

storage of energy and resources”

AONBARR”
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Cancer survivors are afraid of nothing
(Onset of chronic myelogenous leukemia in 2012 )

July 2012 January 2021
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2017 Morning pitch 285th Environmental Special Feature
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“Making CO,-free magnesium from seawater"
Received Leave a Nest's Marine Tech Grand
Prix 2017 JT Award!

-----
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Accelerator program
@ DB) JOXA

2018 Development Bank of Japan
Adopted for
"Tokai Open Accelerator".

©2020 Aonbarr Inc. all rights reserved.



"Making COz2-free magnesium from seawater" Received the 2019
HORIBA Award in the Japan Entrepreneur Award Finals!
Science category HORIBA Award
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Accelerator program

' N AR
N IR EXRRA
' inistry of Economy, Trade and Industry

2018 Adopted for
“SIDO Next Innovator”
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Accelerator program

Il KAWASAKI CITY

2019 Adopted for
"Kawasaki Deep Tech
Accelerator”




Accelerator program

IPAS |

2020 Adopted for "Patent Office
Intellectual Property Acceleration
Program (IPAS)"

©2020 Aonbarr Inc. all rights reserved.




Accelerator program

2020Adopted for Acceleration
Program (FASTAR)

Organization for Small & Medium Enterprises and Regional Innovation

e
* % X

4
Be a Great Small. FASTAR
Ch 7|\ 1 t&
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Make Japan

world,
too!

a resource-rich country!
To be continued

Aonbarr Inc.
President & CEO
Shigetoshi SAKURAI
sakurai@aonbarr.co.jp
+81-90-7307-8555
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