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Renewable Energy

Approximately 66% of Japan is covered by forests.

Will local forests be used
for power plants?

Utilizin
unuse: y' Local
forests and g : energy use
biomass
waste

Catalyst
technology
to improve
gasification

efficiency

Local production and consumption of
energy through the use of unused biomass

Energy generation from unused biomass resources

Japan has forest resources that cover nearly 66% of the land area. Developing and
popularizing facilities aimed at generating and utilizing renewable energy locally will lead to a
sustainable society and revitalization of local communities.
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Overview of SOFC biomass power generation technology

Realizing sustainable energy sharing by generating
electricity using local forest resources

Converting biomass tar Converting tar o2 Power generation
into gaseous fuel into H2 and CO using Hz, CO, etc. as fuel

Development of a catalyst that can be easily regenerated by heating

The need for tar reforming catalysts

A catalyst regeneration mechanism (reforming function) is
incorporated into the equipment

Tar generated during the pyrolysis gasification
process has been a factor in increasing the
burden of equipment maintenance and reducing
power generation efficiency.

This technology has developed a catalyst
regeneration mechanism, which significantly

Cmyst diiving Gatalyst diing reduces the frequency of catalyst replacement.
reduction oxigation

Our unique catalyst technology significantly reduces tar emissions.




Here’sthe |nnovative Technology !

This power generation system can be introduced in small
and medium-sized forestry and manufacturing industries.

$LLLe
22550

i Secondary
| Gas er =
fator | ‘geney | .-‘

Approximately
20households

Can provide the electricity needed for
approximately 20 average households

Power generation
capacity of 1 O00kw or less

® Power generation possible using both gas engines and SOFCs
® Tar removal confirmed in demonstration experiments
® Reformed tar itself can be used as fuel, improving power generation

efficiency
Reformed gas combustion

A transparent flame of tar-reformed H2 captured with an IR camera
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How might the spread of
this innovative technology transform future society 1?

Turning waste from forestry pruning
and lumbering processes into biomass

Energy use in local community
facilities and disaster prevention
facilities

Creating a sustainable community through forest
resources and “local production for local consumption”

energy infrastructure
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Renewable Energy

Highly efficient methane
production from unused bark, etc.

Utilizing
unused biomass
resources that
are difficult to
ferment into
methane

High
purification
of produced

methane using
amembrane
separation
module

Unique
Pre-treatment EASEEEAL/

Unique pretreatment technology
and CO2 separation membranes enable
highly efficient biomethane production

A

Next-generation biogas power generation using highly efficient
methane fermentation system and membrane separation

This system was developed with the aim of increasing methane production from unused biomass
resources and improving power generation efficiency. The demonstration plant incorporates world-class
technologies that are highly versatile as decarbonization solutions, such as methanation technology using
advanced catalyst technologies and membrane technology that efficiently separates generated CO2.
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How biomethane production technology works

Pre-treatment promotes biogas generation, and CO2
separation membrane separates and captures CO2,
producing high-quality methane.

Unused biomass resources
The amount of

x gas generated is =
/@\ small when Biogas
untreated CH
4
Thinned wood, etc. Unique (methane gas)
pre-treatment
= Barlzaccounts for technology COZ )
10-20% of wood, and e
much of it remains in%reases g);s
Waste containing unused. production at
organic matter and oil low cost

Use of
methane gas
for highly
efficient
power
generation

CO2 separation membrane device
methanation
CO2 + H2->CHa4

RO e )

Spiral element
incorporating CO2
separation membran

i i
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Schematic of facilitated transport membrane using
selective reversible rection between CO2z and carrier

Feed side Permeate side
(high pressure) Membrane structure O (low pressure)

O O O m tiono O OO

O Absorption Q Des:
O OO O iﬁ Jé) 4{) .

0)

Reversibly and selectively
reacts with COz within the

S

The heat generated Y/

. - at the feed side of the Re-synthesize methane
Htlf?hly purl(fjled d membrane is effectively by combining with
methane produce used for the desorption of hydrogen

CO2 at the permeate side. 9

Incorporating a unique CO2 separation membrane
and methanation catalyst

No energy loss, enabling more efficient methane production
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How might the spread of
this innovative technology transform future society 1?

Primary industry

Food and timber
production

Forestry (waste wood), agricultural B
residues, livestock manure, food waste blOgaS power

generation

Effective use of unused biomass f : X
resources : Exterior of t.he
: demonstration
o et facility and
energy generator
industry Sales of
- methane gas

Stabilizing profits
in the primary industry

Revitalizing
the local economy

Creating new
industries and jobs

Integrating agriculture, forestry and fisheries
with energy production businesses to develop the region
through sustainable industrial growth
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CO: Capture
Promotion of CCUS (Gibonaioride capture.)
through manufacturing

Rmm

With the technology to capture and enclose CO2 in metals,
flexible manufacturing has become possible.

Promoting CCUS through manufacturing

Metacol is a new material that can capture greenhouse gas CO2 and use it |

as a manufacturing material. Utilizing recycled resources and trapping the 3
generated CO: in everyday products contributes to carbon neutrality and l ) o j
the circular economy. N
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Humanity’s deep relationship with CO2

CO: is a familiar substance to us, which makes
“decarbonization” difficult.

Why can't
we reduce CO2
immediately?

Then, can everyone stop
breathing in and out?

Both people and society emit CO2 in exchange
for using energy.

Solve problems
through new ideas

What if the CO2 emitted from our daily lives could be
transformed into various “things”?




Here’sthe |nnovative Technology !

Capturing CO2 from daily life into essential “things”
— that is Metacol, a new material that enables circular
manufacturing.

1

Capture CO2 from
daily life and
economic
activities

4

Recycling Metacol
prevents CO2
release!

Combine with
unused resources to
convert CO2 into
products!

Create the things
necessary for
convenient
living

metacol™ golf gift metacol™

metacol™ eco notebook
“Yasashisa” craypas
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How might the spread of

this innovative technology transform future society 1?

Application to
educational
materials and
manufacturing

Expansion of CO2 capture and DIY
hubs integrated with recycling

stations For novelty goods

and gifts at sports
events

Used as materials for
long-term infrastructure
construction such as roads
(asphalt mixtures)

CO: capture and fixation with carbonate metals contribute
to a circular economy and a decarbonized society.
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Energy Management & Energy Saving

GX (Green Transformation)
in maritime mobility

Promote the greening of ships through renewable
energy X fuel cells X energy management

Green transformation of maritime transport

Similar to the electrification of automobiles, research and development of renewable energy
utilization technologies and the dissemination of energy management systems for ships and
other maritime mobility are important initiatives in achieving carbon neutrality.

Transition of ship energy and power sources

Since ancient times, humanity has repeatedly undertaken challenging voyages
(transportation) using “ships.” Throughout this history of movement, diverse forms of
energy and power sources have been developed.

Ancient Modern

Main energy . E"‘Jli?e’l
and power OSSIEILCS
sources

Environmental Small
burden

Neeél for
decarbonization

Decarbonization is needed not only for cars.

As the world aims for carbon neutrality, new industries combining shipping and maritime
transport with new energy production, as well as environmentally friendly transport
services, may be rapidly created.




h-fJZ1-F3

xR R 1% CR

Innovative Carbon-Neutral Technologies from Osaka

Here’s the Innovative Technology!

The latest yacht generates its own energy!!

The electric yacht, developed and demonstrated with support from Osaka Prefecture, is
equipped with advanced energy systems as well as technologies cultivated through the
“history of ships.”

Renewable energy:
Solar power

Renewable energy:
Wind power

Renewable energy:

Hydrogen
Battery / Centralized solar power generation

Lithium-ion battery Fuel cell

—

L — ] 4
Propulsion / Water Hydrogen
+—_ Power generation electrolysis unit storage

motor

How might the spread of
this innovative technology transform future society 1?

As GX (Green Transformation) in maritime mobility advances, not only will it reduce
environmental impact, but it may also create new industries combining shipbuilding and
maritime transport with new energy production, as well as eco-friendly transport services.

Power storage
stations and power
facilities for ships
that support core
power sources

New energy
production in idle
land, etc.

Electrification of

4 § ‘ coastal ships

and passenger

vessels
Shipbuilding with electric
propulsion systems + EMS

Coastal shipping services with reduced
pollution such as exhaust gas and oil
spills

EMS Domestic shipping/Domestic vessels
(Energy Management System) (Routes and vessels that travel between ports in Japan)

*For social implementation and commercialization of the technology, legal and safety issues must be addressed.

New coastal industries will be born that combine new
energy production with energy utilization at shipyards
and port facilities.
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Energy Management & Energy Saving

Expanding with “Vacuum Insulation Panel Technology”

Future “Energy-Saving” Fields

Q

Cold chains such as
convenience stores
and restaurants

Refrigerated ‘ i Residential
and frozen g insulation
transportation

Air-conditioning and
energy-saving
improvements for office
buildings, commercial
facilities, and data
centers

With vacuum insulation technology cultivated
through thermos bottle development, we are revolutionizing
energy saving across diverse industries and applications

Vacuum insulation panels expand the energy-saving field of the future
This vacuum insulation panel is a technology that further evolved the heat preservation and
cooling technology developed over 100 years. With stainless steel as the base material, this
product excels in thermal insulation, durability, and non-combustibility, contributing to a
carbon-neutral lifestyle and services.
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Structure of Vacuum Insulation Panels

Vacuum insulation panels, derived from thermos bottle
heat-retention and cooling technology, bring “energy
saving” to a new dimension.

Foam

terial
TlVlP (Vacuum Insulated Panel) materia

TIVIP: TIGER Vacuum Insulated Panel

(Applications and Deployment Examples)

Vacuum Insulated Vacuum Insulated Sleeve Vacuum Insulated
Reefer Container Box “Protect BOX Thermal” Roll Box
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Here’s the Innovative Technology!
7 N

r

oM || B

High thermal Long service
insulation life
Contributes to Reduces life-cycle

CO2 emissions costs
reduction

N

( . Sl

&

Non-
flammability
High safety

e
Thin
Remarkably thin
despite high

insulation
performance

N\

Comparison of thermal
insulation performance

Approx.

0.050 W/m K
or less

Extremely

Apprcx

0028 Wik
Approx.  orless

0.024 w/m-K

orless I

ngld Phenolic Extmded Glass
rethane  Foam lystyrene  Wool
Foam Foam

Thickness comparison for
the same performance

Astonishingly
thin!

Thickness

Thickness 1:Ihglgmss 200mn

Thickness TIEkness  104mm

10mm

T L

TIVIP Rigid Phenolic Extruded Glass
Urethane  Foam  Polystyrene  Wool
Foam Foam

TIVIP | TIVIP (TIGER Vacuum Insulated Panel - Stainless Steel Vacuum Insulation Panel

How might the spread of
this innovative technology transform future society 1?

Space development and thermal/cooling services using
vacuum insulation will enrich everyone’s lives

Environ-
mental
& energy
field

Building
materials
field

Medical
field

Logistics
field

Industrial
field

For example---

S

What happens when vacuum insulation panels combine with

“containers” or “mobility”?
More comfortable
disaster relief facilities
¥ and pharmaceutical
transportation

Data center module
with improved
air-conditioning
efficiency

Delivery of fresh and
frozen foods in areas
with unstable power
supply

New services utilizing “vacuum insulation technology”
will emerge in all areas where energy efficiency and
temperature management are required
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Energy Management & Energy Saving
With Al that predicts the future and the air,

Energy saving becomes even
more powerful

EMS (Energy Management System)
that collaborates with
power market data,
weather information,

and air conditioning
through Al

Air conditioning automatic control system utilizing Al

and renewable energy

Energy management in large facilities is an important theme in achieving energy
conservation and carbon neutrality, and there is a demand for energy management using Al
and regional energy sharing.

Mechanism of Al-equipped EMS

Al centrally manages facility power energy based
on big data

BIG DATA

Weather forecasts
Power Optimal control

T Ve utiization o i iz ation NG SIECHicity
$lar power generation forecasts

Pow ts
er recas .
usage fo Reduction of

electricity costs in

Poy : peX)
B market priceforecasts ! large-scale facilities

(Applications and Examples)

Large-scale facilities where many people gather and are used for various purposes,
achieving integrated energy-saving and energy management linked with air conditioning
and renewable energy equipment.

Hospitals and schools Public facilities and Amusement and Factories and
sports facilities commercial facilities warehouses
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Integrated management of five types of information
in the cloud. Al analyzes the most efficient power
procurement for smart power consumption.

Generate
electricity
smartly

Storing
electricity
intelligently

Use
electricity
smartly

Predict and

Save

Battery

electricity
smartly

Sell

electricity
smartly

to generate

Predict @Zﬁ 9;&

On-site powergeneration

more cheaply
\—v_/

Procure 01%

[ 70% ]

Energy saving
;v_/

Use

more cheaply

Procure el

Predict solar and wind power
generation up to a week ahead
using weather data

Al predicts future battery
charge levels for smart storage

Operate air conditioning
efficiently while maintaining

Procure electricity at lower
prices by referring to power
market prices

Sell electricity smartly according
to solar power generation and
battery charge levels
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How might the spread of

this innovative technology transform future society 1?

Plant factories and agricultural greenhouses that provide
a comfortable environment for crops 24/7/365
by generating, buying, and selling electricity.

Spread of systems (CEMS) that enable electricity sharing
and energy management across entire communities.

CEMS (Community Energy Management System)
A system for managing energy across entire communities.
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Hydrogen

Eco-friendly energy
infrastructure

Renewable
energy

Utilizing renewable
electricity with SOEC
hydrogen production
equipment for local
production and
consumption of
hydrogen

Development and demonstration of SOEC (Solid Oxide Electrolysis Cell)
hydrogen production equipment

Hydrogen production using renewable energy is expected to be a decarbonized energy
source, but its widespread use currently requires large-scale infrastructure investment.

The technology introduced here is a proposal for realizing a hydrogen society and providing
access to renewable energy to many people without requiring large capital investment.
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What’s good if everyone can produce hydrogen?

What if renewable energy could freely produce hydrogen?

: Generate

f HF_' | electricity
N , ( A\ Convert
- ! g surplus electricity %

i 7| b

Surplus renewable electricity can be converted
into hydrogen, stored, and used anytime, freely.

How does SOEC produce hydrogen
with water and electricity?

SOEC (Solid Oxide Electrolysis Cell) is one of the
technologies that generates hydrogen by
electrolysis of water.

High-temperature steam

The principle is the same as the water electrolysis << Z

experiment conducted in school science classes. Electrical
By using renewable electricity, CO2-free “green energy

hydrogen” can be obtained, making it a promising
H2 02
(hydrogen) (oxygen)

energy technology.
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How might the spread of
Here’sthe |nnovative Technolo gy! this innovative technology transform future society 1?

Hydrogen can be produced at about 80 yen With SOEC hydrogen production technology,
per 1 Nm3 (normal cubic meter).  gasedon tecticity costs (e, natonal average untpriceof we will realize eco-friendly and dlsaster resilient urban

low-voltage power = 28.39 yen/kWh), estimated by the Green

Innovation Research Institute, the technology developer. d eve I (o] p me nt

Specifications Disaster-preparedness
SOEC SOFC warehouses and
1 Operating (Stack) Temperature 700°C community centers that
2 Current* 60.5A 30A can also generate
3 Operating Stack Voltage * 152.9V 100V electricity
4 Operating Stack Power* 9250W 3000W
5 Steam Flow Rate (Pure Water) | 83.6L/min(N)
6 Water Flow Rate 35L/min(N)
7 Air Flow Rate 329L/min(N) i 329L/min(N)
8 Hydrogen Production Unit 3.08kWh/Nm?
|9 Dimensions (D)870%(W)1850*(H)2000 (5rettns

*When operating in SOEC mode, electricity is input; in SOFC mode, 1 Applications such as hyd rogen
slectrielty Isloutput: stations and mobility hubs that

supply energy to mobility

Item

Hydrogen production system

= L

=.%“’=l_....

3l

Hydrogen stations Mobility hubs
Bases for refueling “hydrogen” used as Hubs where multiple means of transportation gather.
fuel by fuel cell vehicles (FCVs). New transportation services and urban development

STOP  PAUSE 2 = s
functions are being considered.

INEUTRAL

Internal structure Control system screen *For social implementation and commercialization of the technology, legal and safety issues must be addressed.
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Hydrogen

Hydrogen safely and easily,
both in daily life and in

emergencies
P orocen 3

HYDROGEN
Everyday - y Emergency
ELIEES : | . & preparedness

Future mobility & disaster-prevention
infrastructure that efficiently shares hydrogen

Development and demonstration of a multi-type hydrogen filling
system and hydrogen-based micromobility

This is an introduction to the supply system essential for hydrogen utilization and the spread
of micromobility. If hydrogen can be safely and easily provided for daily mobility and disaster
prevention infrastructure, the future society will become cleaner and more comfortable.
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What kind of society is a hydrogen society?

What’s amazing about hydrogen?

@ Does not emit CO2 even when burned.

@) Can be produced from water and electricity.

€) Can store energy for long periods and be used in fuel cells.

@ Can produce methane from hydrogen and use it in city gas, etc.

What are

L Ees  Insufficient development of supply infrastructure
challenges?

What’s needed are mechanisms and technologies
to fill the “gaps”

2

Break hydrogen Distribute

Hydrogen
cylinder bundle

Supply

Filling
equipment

Small-unit filling \ For power

T ggneration
Small hydrogen = R with fuel cells
container =

\
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Addressing the challenge of hydrogen
delivery: filling and efficient supply

Multi-unit simultaneous filling system  fElUAIE
Significantly shortens the gas filling time simultaneously
for small hydrogen cylinders (bottles) in 70 minutes

One
container
can charge

160 mobile
phones (15w)

If a portable hydrogen fuel cell is

available at an evacuation shelter,

it can charge 160 mobile phones
for one hour each.

Supporting the spread of everyday mobility using
“hydrogen fuel cells”
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How might the spread of

this innovative technology transform future society 1?

Refuel hydrogen at drive-throughs or roadside stations and enjoy
comfortable outdoor leisure at campsites

On the way back from shopping,
purchase an energy bottle for an
electric bicycle from a vending
machine

*For social implementation and commercialization of the technology, legal and safety issues must be addressed.

Starting from “Osaka,” it would be wonderful to see new
services utilizing the advantages of hydrogen expand
further!




h-fJZ1-F3

xR R 1% CR

Innovative Carbon-Neutral Technologies from Osaka

H-HIZ1-HSh

xwr R RGN

Innovative Carbon-Neutral Technologies from Osaka

Recycling

Are scallops twice as

valuable in one shell (cycle)? Did you know that
J scallops absorb “C02” AN N TSN TN

as they grow in the sea?

Relationship between shell growth and “CO2”

In general, scallops grow from juvenile Absorb dissolved
shells, and about half of their weight CO2 in seawater
becomes a shell skeleton of calcium and grow
carbonate fixed with CO2 absorbed

from the ocean, taking 2 to 4 years

before shipment.

“Waste” generated from primary
industries such as scallop
aquaculture

More than 90% of scallop
shells consist of calcium
carbonate, of which

“Waste scallop shells” A g
generated from aquacu|tu|—e Using advanced processing technology, reborn L4 | about
as eco-materials and reused as product raw 4 o
scallops are reborn as materials and construction materials . §

eco-materials o

is CO2.

Development and commercialization of eco-friendly
materials using waste materials
We are introducing product development that utilizes carbon fixation in

waste scallop shells. By mixing waste scallop shells with recycled plastics ' 100 tons Of discarded Scallop ShE"S

{

and concrete, it is possible to reduce CO2 emissions throughout the product I‘E
life cycle and develop products that contribute to carbon neutrality.

have the ability to fix about 44 tons of CO2!?
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Manufacturing with lower GHG emissions (CO2) is now
possible

Discarded scallop Plastic

e Al SHELLTEC

™ 4

|
Shell powder Plastic pellets

Combined with plastic Mixing into concrete also helps reduce CO2
and developed into “eco-products” emissions in the construction industry
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How might the spread of

this innovative technology transform future society 1?

The keywords for future manufacturing and city
development are “carbon fixation” and “circularity”

In concrete structures

Marine plastics and
others into daily goods

In fish reefs and coastal protectidn wbrks In park playground
equipment and facilities
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Recycling

Microwave technology for
recycling plastic — saving
time and energy

; ® Currently, the recycling rate for plastics other than
The Key Powered y ycling rat p

those for energy recovery is around 20%.

What is required for spreading the Plastic Recycling System

What challenges do we face in further promoting plastic
resource recycling?

by Mi . 4 ” .
H)éat:;;owave ro_‘ ‘ ® Chemical recycling, which breaks down used plastics
and returns them to their raw materials, needs to
become more widespread.
{ Simple Landfilling ‘
incineration | B9, Material
‘ 7. recycling
22%
Total waste ;

lasti e Cherrxllcal
£ plastic emissions - recycling

in fiscal 2022:

823 million
tons
Thermal recyclin

Contributing to improved efficiency, quality, (energy recover c); 63%
and CO2 reduction in “plastic resource recycling”

3<%

Can be installed anywhere

+ o Supporting decarbonization
to increase recycling rates

0 olane
Precise energy transfer :‘hrotugh electrification of
by microwave eat sources

Compact and distributed chemical-recycling system using
microwave heating

This is an introduction to technology to promote chemical recycling of recycled plastics.
By utilizing microwave heat treatment technology and popularizing decentralized recycling,
economical plastic recycling with less environmental impact can be realized.

Establishment of more efficient chemical

recycling technology using microwaves with
low CO2 emissions




Here’sthe Innovative Technology !

We are advancing innovative chemical recycling using
microwaves — a technology well known from household ovens.

Using renewable electricity as an energy resource to reduce CO2 emissions
to zero.

By recycling at local collection points, the entire recycling chain can be
improved, especially transport efficiency.

By selectively heating target materials, microwaves enable precise control
over transmitted energy and facilitate the production of diverse products.

Waste
plastic

Monomer
Microwave decomposition
Oilification

Microwave digestion

Microwaves can transmit energy directly and selectively to
substances, and the amount of energy transmitted can be
flexibly and quickly controlled, making it possible to create
different products.
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How might the spread of
this innovative technology transform future society 1?

Using renewable energy and eco-friendly plastics,
a smooth resource circulation system can be realized.

A Recovered oil
4 reprocessing plant

Services

© Management of
processing status and

1 equipment
N\ — @ Big data analysis -
Decomposition "\ Updating optimal
| and oilification at processing models

local collection points © Issuance of environmental

Decomposition and oil
production at waste

\A = i -
plastic processing plants
\/ cracked oil

Recovery of
cracked oil
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Provision of Technical Information / List of exhibitors for Futre Life Experience

Technical Field

-Kansai Catalyst
-Bigvan

10

-Renaissance Energy Research

-Sumitomo Electric Industries
‘MUIC Kansai

Smert Design

‘TIGER CORPORATION

-MIRAKOTO

-Green Methanation Research
-SHINGU ENERGY
T N Plan

-MIRAIT ONE
-KINKIDENKI

-Koushi Chemical Industry

‘Microwave Chemical

22

Renewable Energy

CO, capture

Energy management
&
Energy Saving

Hydrogen

Recycling
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