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1.1 CO, Emissions in Industrial Sector

CO, Emissions in Japan (2018)
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on-energy source

Others
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Industrial o
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Transportation
sector
200 mil. tons
CO, emissions
Household sector 1.14 bn. tons
50 mil. tons
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60 mil. tons
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Others

(Source) Prepared based on “Data of Greenhouse
Gas Emissions in Japan” of GIO

Source: METI




1.2 Classification of New Technologies for CN In

Industrial Sector

Category

Description

New Technologies

Reduction of

Energy conservation (advanced energy conservation
technologies)

Leveling of electricity demand,
Upward/downward demand response
(DR)

Energy transition (heat to electricity)

Heat pump, electric heating, gas
cogeneration

Shift to low-carbon industry through transformation of

Direct reduction, COURSESQO, electric

CO, processes furnace
generation ) .
Hydraulic power, solar power, wind
Expansion of renewable energy power, geothermal heat, biomass,
nuclear power
Use of ammonia fuels in power
Shift to non-fossil fuels (hydrogen, ammonia) generation
Hydrogen reduction steelmaking
CO, separation, capture and storage (CCUS: Carbon COURS.ESO
e Capturing of CO, from cement
Capture, Utilization and Storage) .
Co, manufacturing process
processing o i
Utilization of CO, Cellulose nanofiber
(building materials, chemical products, methanation) Carbon recycled concrete
’ ’ Artificial photosynthesis
Recycling

technologies

Use of waste materials, plastics, and iron scraps

Plastic synthesis, concrete




1.3 Green Growth Strategy for CN

Image of Carbon Neutral Industries

Electricity is completely decarbonized, and the electrification of industrial
sectors is proceeded with.

Hydrogen is the key technology that is widely utilized in power generation,
industry, transportation, etc.

CO, is recovered and used in carbon recycling or stored underground (CCS) .
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1.4 14 Key Areas in Green Growth Strategy

Energy-related
industries

(1) Offshore wind power industry
Wind turbines, components,
floating wind power generation

(2) Fuel ammonia industry
Burners for power generation
(Fuel for the stage of transition
to a hydrogen society)

(3) Hydrogen industry
Power generation turbine, hydrogen
reduction steelmaking, carrier (ship),
water electrolysis equipment

(4) Nuclear industry
SMR, nuclear power for
hydrogen production

Growing areas are expanding from
2030 toward 2050, starting with those
close daily life

Transportation- and manufacturing-related

. . >
industries
(5) Automobile and storage (6) Semlconduqtor .and. mformatnon and
battery industries communication |ndus'tr|es
ry . Data center, low-power semiconductors
EV, FCV, next-generation (Improvement of efficiency on the
batteries demand side)
(7) Marine vessel industry (8) Logistics, human logistics, and civil
Fuel cell vessels, EV vessels, engineering/infrastructure industries
gas-fueled vessels, etc. Smart transportation, logistics drones,
(Hydrogen, ammonia, etc.) FC construction machines
(9) Food and agriculture, forestry,
and flshgrlesmdustrles (10) Aircraft industry
Smart agriculture, wooden Hvbrid and hvd . fi
construction of high-rise buildings, ybrid and hydrogen aircrafts
blue carbon
(11) Carbon recycling industry
Concrete, biofuel, raw materials
for plastic

Household- and office-
related industries

(12) Housing and building
industries / next-generation solar
power industry
(perovskite)

(13) Resource cycling-related
industries
Bio-based materials, recycled
materials, waste power generation

(14) Lifestyle-related industries
Local decarbonization
businesses

Source: METI




1.5 Visions of Industries toward CN in 2050

<Examples of roadmap to development and introduction of innovative technology>

Business/company Innovative technology 2020 2025 2030 2050

The Japan Iron and Steel
Federation

Japan Chemical Industry
Association

Japan Paper Association

Japan Cement Association

The Electric Power Council for
a Low Carbon Society

Petroleum Association of
Japan

The Japan Gas Association

Telecommunications Carriers
Association

East Japan Railway Company

COURSES0

Process of manufacturing raw
materials for plastic using CO,,
etc.

Cellulose nanofiber

Innovative cement
manufacturing process

Thermal power technology
contributing to reduction of
environmental load (ammonia-
mixed and hydrogen-mixed
fuel burning)

Project for establishing large-
scale hydrogen supply chain

Methanation

High-speed signal processing
technology with super-low
energy consumption using
photonics-electronics
convergence technology

Development of fuel-cell train
cars

Research & development

Production

Research & development and
practical application

Market
creation

Preliminary
study

Verification

Research &
development

Research & development and
verification

Development
of
specifications

Development  Verification

Confirmation of
manufacturing conditions,
economic reasonability

Operation

and increase

of mixing
ratio

Verification

Practical
application

Introduction

Dissemination

Commer-
cialization

Market
expansion

Exclusive
use of
ammonia as
fuel

Practical
application

Commercial
expansion

Wider
introduction

Source: NEDO




2.1 Use of Ammonia Fuel in Power Generation

Pulverized coal + primary air

Ammonia ’
&

Combustion air

v
/

-

NOXx reduction zone

controllers

NH,

Fuel feeder

Boiler

Temperature
controller

Pulverizing 14
equipment o't Denitration

0 system Cooler
................. '

Filter

system

Mixed fuel combustion burner (exemplary image)

Temperature Electrostatic precipitators

(Use of anomia in coal fired power plant)

Desulfurization

Smoke exhaust
system

Source: METI




2.2 Use of Ammonia Fuel in Power Generation

® Reduction by 50% of CO, emissions in the power sector by replacing the current power generation
system with the system of single combustion of ammonia (ammonia fired power generation). Even
mixing ammonia (20%) into combustion fuel in coal-fired power generation can reduce the
emissions in the sector by 10%.

® Meanwhile, 500 thousand tons of fuel ammonia is required per coal-fired power plant (1 million
kilowatts) every year.

(Ref.)
20% mixed 50% mixed 100% ammonia 20% mixed

combustion (*1) | combustion (*1) | combustion (*1) | combustion per
plant

Approx. 40 Approx. 200

Reduction of

_— million tons Approx. 100 million tons Approx. 1 million
CO, emissions  Around I0% of CO, 1 Around 50% of CO,
. T million tons B tons
(*2) emissions in the emissions in the
power sector power sector
Required amount Approx. 20 million Approx. 50 million Approx. 100 Approx. 0.5
of ammonia tons tons million tons million tons

Source: METI




2.3 Establishment of Fuel Ammonia Supply Chain

: : : : Manufacturing of mixed and single fuel
Ammonia synthesis technology Green ammonia synthesis :
combustion burners

@ [or reducing the cost of blue ammonia
synthesis (15% or more reduction of the
operating cost), a new technology capable
of synthesizing ammonia at lower
temperature and pressure as compared to
the Haber-Bosch process has been
developed.

® |tis necessary to develop a catalyst and
improve activatign and stability.

"a

\- &

vV
! ,; (Source) NEDO
i & & . publication
* Nitrogen and hydrogen molecules are broken
down into atoms with the effect of catalyst, and

the atoms are bonded as ammonia.

® For reducing the cost of green ammonia, a new @ For high-rate mixed combustion and single

manufacturing method without requiring
hydrogen in the process of the synthesis has

combustion in boilers and turbines, high-rate
mixed/single fuel burners (50% or more in actual

been developed.

® |tis necessary to develop an electrode catalyst

system) necessary for such combustion have been
developed.

and electrolyte to be used in the synthesis.

* Extract hydrogen
from water.

® |t is necessary to develop new burners capable of
solving technical issues of increased NOx emissions,
lower heat recovery, and instable ignition associated
with the increased ammonia mixing rate. Additionally,
the new burners must be actually used to review
proper flow rate, flow velocity, blowing position, etc.
through a verification process.

* The extracted
hydrogen is bonded
to nitrogen to

. become ammonia.

Catalyst

Pulverized coal + primary air
Ammonia

” Combustion

air

NOXx reduction zone

(Source) IHI press release

Electrolyte

Source: METI
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2.4 Technology of Reduction Utilizing Hydrogen

Development goal:

terms of both experimental and logical aspects, so as to
establish a technology for controlling reduction responses
using hydrogen.

Development topic (element technology)

Comprehensively verify and evaluate the process operations

i . .
for reducing CO. released from a blast furnace by 10% in SG6: Process evaluation technology using atest Iy

| * Verification of process operations by experiment )

COURSESO blast
furnace
Carbon monoxide reduction: Exothermic

reaction with a four-figure heat amount
FeQ + CO—Fe + CO-+ 4,136 kcalkmaol

Existing blast furnace

Hydrogen reduction: Endothermic

reaction with a four-figure heat amount
Fel + H, —Fe + H,0 - 5,702 kcalkmol

Carbon reduction: Endothermic reaction

with a five-figure heat amount
Fel + C—Fe + GO = 37,084 kcal/kmol

Hydrogen-based
gas injection

-

{100%) | (100%)

Hot blast, Increase in hydrogen reduction >
pulverized coal, Decrease in carbon reduction >
oxygen, ar_]d Reduction of carbon consumption (CO,)
hygroscopic ) at the blast furnace

moisture CO, reduction

target —10%

(The percentage refers to a ratio of the reduction response to entire reduction)

Concept of the technology of reduction utilizing hydrogen

New Energy and Industrial Technology Development Organization

Source: MOE

~

blast furnace

"SG3: Development of technology for manufacturing )

high performance caking additives

(Technology for manufacturing coke for the COURSES0
blast furnace)

\»_Manufacturing of coke suitable for hydrogen reduction ./

k'

SG1: Technology for

using hydrogen iniron . I!II
ore reduction : Verification by
« Logical verification of ~ Logical experiment
process operations verlflatlon
with mathematical 2
models

* Designing of
hydrogen-based gas
injection lance

| L L BEEEE
Fiale SR
B . -
I -
| | I EOSC FEE

Mathematical model for blast furnace 12 m3 test blast
. A furnace

- X
"SG7: Development of process technology based on
partial verification of actual blast furnace

11



2.5 Technology of Utilizing Hydrogen in Iron Ore

Reduction (Achievement)

Actual performance of

Result from preliminarily designed . .
. mathematical models for blast furnace # operations with test blast
furnace
16
33 14 + Project garget:
o ; 10% or more
:% g2 12 reduction
— [SIN7)]
Preliminal o S 1) e
designing of k= FC_.’
process S - 8
laperations ? o
: g 6
= S
: 22 4
™ ] “LE 8
Blowmg of 2
I’ hydrogen gas 0
il from tuyere Increase in injected hydrogen-based
Temperature Redutctlon t ; 1 gas at ambient tem peratures
SG1: Process SG6: Operation of . . . .
. test blast furnace Carbon reduction effect caused by three-dimensional mathematical
simulation ;
_— models for blast furnace and operation of test blast furnace

Analysis on operations of a test blast furnace has found an expected reduction of CO, emissions from blast
furnaces by 10% or more. Some more examination on the amount of reduction gas to be injected and different
types of reduction gas, taking account of compatibility with actual furnace to be used, is planned. ﬂﬂ

('NG u

Source: MOE
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2.6 Technology of Recovering Unused Exhaust Heat (Achievement)

Model steel plant (Production volume: 8 mil. tons

Various types of heat available in a model steel plant of crude steel per year)

Sensible heat'in blast
lsm i Heat amount Variation in fliLﬂaC&SJﬁg
5 1  (Tdlyear generated amount b t, )
o 1600 40007 ", | S
1) L] ] ! ] -
= 3000% — 5 L p
% 1400 AL ‘eant - *e, '1._" *#es*" Sensible heat in
= 2000 ! Ten steelmaking slag
S 1200 : ;
E |.____.____.____.____.____._________I 1.I
'E 1000 Sensible heat in COG ' Sensible heat  Continuous
7 ST, . inLDG. annealing RF
() E,t"] . -
= Exhaust gas from % : - E :
O coke oven e 4t i LI
600 Exhaust gas from L 1 Hot-rolling RF
== ___,_,\ng§t_e_o_rgpgi_J‘gr_,__ ———————-;— Exhaust gas from-"'—,,- heating ..
400 E‘__' i hot-air furnace ,  furnace '
1 : i-' i i Y—— ;
9 ' ,__|l_____._¢_.__‘_~ v --2%—0  heating g
LN 1 ¥ ‘-‘ furnace
bl T g t ' Continuous L W)F
" : ot water in water i
Exhaust gas Ammoniacal liquor from granulation tank annealing NOF
from cooler....exhaust gas COG
Sintering Coke Blast Stegl— Exha_ust gas from
furnace making rolling furnace
Currently, exhaust heat at around 200 to 400°C released to the air is recovered Q--u' -
and utilized for a heat source in a chemical CO, absorption process, etc. =

Source: MOE 13




3.1 CO, Separation and Capture Technologies

Development goal: Develop CO2 separation and capture technologies suitable for blast furnaces gas that can

realize Co2 separation and recovery cost of 2,000 yen/t-CO2, and establish technologies for reducing CO2

emissions by approx. 20%.

Development topic (element technoloqgy)

-
SG4-1: CO, separation and capture technologies using

chemical absorption technique
* Development of high-performance liquid chemical absorbent

=
=

CO, regeneration
tower

Ve

Amine-based absorbent containing CO,
Reduction of energy required for separating and capturing CO,
(Conventional) 4.0 > (Development Phase 1) 2.0 >
(Target) 1.6 GJ/t-CO,

Amine-based
absorbent

absorbing
ower
Blast furnace

gas (BFG)

~oi

Pre-processing

P

N (SG4-2: CO, separation and capture technologies using

physical adsorption technique
» Improvement of efficiency of adsorbing tower and development

of new adsorbent
C Non-CO, gases )

Switching valve E g ..;

system m

CO, absorbing
tower (PSA)

Physical adsorbent

| CcO,gas |

Blast furnace
gas (BFG)

Pre-processing

Reduction of electric power required for separating and capturing CO,

Electric power intensity: 145 - (Target) 130 kWh/t-CO,
.

ry

/

| Heat required for CO, regeneration is supplied

* Development completed at Phase | of COURSES0

R s LS S [ —— 2 Gas
flow path @'{' -!?"’55
SG5: Unused exhaust heat recovery technology 3 mm each "y el S o ‘ﬂ
* Development of an efficient heat exchanger for exhaust r———————— e s A Q“ - ’
Gas-side LC ¥
heat recovery flow path| Gl
Cross-section of micro heat _ i Source: MOT
exchanger PR
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3.2 CO, Separation and Capture Technologies

(Achievement)

COURSES0 research and development facilities: CO, separation and
capture (chemical absorption technique)

\,—

ESCAPT™

Commercialized gg. | Purity of produced
. ‘ CO, > 99.9 vol%

/7 -
( Non-CO, gases ) \_ CO.gas ) Absorbing
\ J/ tower -
A Regeneration
Oy 'l Amine-based tower
L ~____ Y absorbent
- Absorbing Regeneration
tower tower
Combustion l Steam
exhaust gas -

I A

(heat)

. ~

Pre-processing . .
Amine-based absorbent containing CO,

Chemical absorption technique

"" Photo shootlng on: June 2, 2010

CAT30

Regeneration
tower .

Absorbing
3| tower

30 t-CO.,/d
w Pilot-scale

CO, separation and
capture using sample gas

[

vrll:':: . -
e e [COZ separation and capture usmg]
w2 l actual blast furnace exhaust gas

! q (BFG)

1 t-CO,/d Bench-scale

.. 5 kg-CO,/d Laboratory-scale

facilities: 2
» Liguid chemical absorbent: Nippon Steel & RITE
» Chemical process: Nippon Steel Engineering

Commercialized CO, separation and capture facilities

(Photo: Facilities of Air Water Carbonic Inc. in the site of Muroran Steel Works)
Applied to:

1) Air Water Carbonic Inc.: 120 t-CO,/d

2) Niihama west thermal power station, Sumitomo Joint Electric Power
Co., Ltd.: 143t-CO,/d

Progress of ESCAP

(1) Development and introduction of remote monitoring functions and
operational optimization (operational cost minimization) control
technologies

(2) Applying the process to overseas large-scale CO, capturing
applications (e.g. Enhanced Oil Recovery (EOR)) is under consideration.

(3) Some cases of capturing and effective utilization of CO, from
multlple emlssmn sources in Japan are under conS|derat|on

Smates A e e LA A Al e S A e ST
* ESCAP (Energy Saving CO2 Absorptlon Process) is the
-/ registered trademark of Nippon Steel Engineering Co., Ltd. N
'(“’AI.M' -e ‘
Source: MOT
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3.3 CO, Separation and Capture Technologies

absorption

technique

Liquid absorbent

Absorption tower i f ‘IIII‘[ Regeneration tower
Raw material gas l l Steam (heat)
Pump l

Liquid absorbent 1
containing CO

Physical Pump
adsorption Recovered gas
technique T Adsorbent Adsorbent
Pressurization é_’ Switch Depressurization. |
coz i o  E— S’

Raw ............
Seue I

Adsorbing Desorbing
process process

Source: The Japan Iron and Steel Federation
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3.4 COURSESO0 Technology (Iron and Steel Industry)

Iron and Steel Industry accounts for approx. 13% of total CO, emissions
from energy sources in Japan.

Proportion of different sectors in the PITIEleN & I EE: T SEs

: ) , accounting for CO, emissions in the
entire fuel combustion area in Japan ; :
manufacturing and construction sector
sgé?oerrs E Ceramic, Others
) r&ergiy ) stone and clay Iron and
Industry sector product 9o Steel
. manufacturing Yo
Transportation 135
sector 9% MtCO
Food 2
Papermaking 270
MtCO,
Chemical
Manufacturing
and construction
sector 1%
Non-ferrous S—_—
Prepared based on “2018 Greenhouse Gas Emissions” of Ministry of the Environment and “Greenhouse Gas tﬂ J
Inventory Office” of National Institute for Environmental Studies

New Energy and Industrial Technology Development Organization
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3.5 COURSESO0 Technology (Iron and Steel Industry)

Overview of COURSESO0 technological development

(CO, Ultimate Reduction System for Cool Earth 50)
Aiming at reduction of CO, emissions by 30% through world first utilization of the

hydrogen reduction technique and CO, separation and capture

i Development of technologies for N\ Development of CO, separation and b
reducing CO, emissions capture technologies
Iron ore reduction by partially replacing Separation and capture of CO, from
coke with hydrogen to reduce CO, blast furnace gas to reduce CO,
emissions by 20%

MO% or more J v
COURSESO0 process

Co,

Current iron-making process

.

Fe,0,

Iron ore l
Sintered
.
C

Sintering plant

> €&

Blast
furnace

Coal

technologies

CO, CO,, Hs, N
BFG

(2) CO, separation and capture

Coke plant o, .
&
Fa
Coke oven gas (COG) g+ P L
-10% } /

Recovery of unused

(1) Reduction technology using‘=_J
hydrogen

New Energy and Industrial Technology Development Organization

ccS 0‘3

Source: MOT
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3.6 Use of CO,: Carbon Pool Concrete

Manufacturing Process

o Development and Implementation of CARBON POOL
Concrete technology

. ~ CP concrete manufacturing .
Use of CP concrete

Construction

. site
Development of fundamental y ) . ,
technology i Ready mix . ‘ ! Ay
r] HAZAMA ANDO CORPORATION / CEREIEE SR , ' 'z n
: N Paving >
’ , . . . ' - 5 Paving
Development of regional > Aggregate i:’:tilr’if - - 4 :

environmental technologies Admixture

{7 UCHIYAMA ADVANCE Co., Ltd. Portland cement - Residual concrete',‘r:mmed

concrete
« Concrete debris from demolished )
construction site

Industrial waste

OSAKA-HYOGO READY-MIXED Construction
CONCRETE INDUSTRIAL

ASSOCIATION
w| Haiko Onoda Remicon Inc.

‘ﬁ
] +* CO,nanobubble

Carbonation
accelerator

Development toward social
implementation

CO, nanobubble
Carbonation
accelerator

Limestone
Paving
* Taisei Rotec Corp. . -
Do g b A
¥ THE NIPPON ROAD Co., Ltd. . ~

’ WATANABE SATO CO., LTD.
Structures

[]HAZAMA ANDO CORPORATION
&Asunaro Aoki Construction Co., Ltd.

-
A ASANUMA CORPORATION

- Demolition of CP
In the future, blocks of concrete from demolished CP concrete structure oncrete =

are sintered to use them as cement raw material.

Source: MOT
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3.7 CO, Capture System in Cement

Manufacturing Process

Cement manufacturing process with integrated CO, capture system

CO, from raw materials and Direct use captured highly
energ conc
CemenF raw__ CO, from raw Effective
materials ? | materials | I PR 00
3 ’ CO,-capture vt ae s CO, from
type calcination " energy

| __sources CO, is partially converted to energy
’ furnace 1 (methane) and reused in cement
manufacturing.
% Preheater - v 2

COz4+aAH-CH+2H.0

o
7 R ’

=% Energy :
L 1
( 3 ot { ¢ ————— + = Oxidation gas (O,) |
X’ : 92s (O2) s« - “*1 Reuse of CH,
!
7
) ——1- 2k
A — = Energy
; ) e v e Flow of gases
Rotary kiln s Flow of solid materials

Source: NEDO
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3.8 Carbonatization Technology Using Calcium Sources

CaO is extracted from waste materials and recombined to CO, to create artificial
limestone, which is used as a raw material to manufacture carbon recycled cement

(CRCQC).

J Exemplary image of the CRC business ” "°”W°rks
C S L |
£ ; -E-AJ",,,,

(] CR ol Incinerated ash o ‘c%'
(o) R\ Ready mix 3 E . aste
con n g incineration
a0 extraction crete sludge o, Qm— plant
Wasta - O
® Cong = z.d
Tete Ready mix concrete plant

Cement plant
Rotary kiln
(CO, emission source)

rati ste
concrete from demolished
structures

02
R og\e
Raw material Concrete _ oV
for firing structurei @ e
(\'\o “Oo
Carbon recycled 2 go'a

; cement e\oQ \1,\(‘
High-quality artificial Extend® o

Vi i Q&"eﬁ N °° <ot
Imestione par ICles . -
elone parte 5C0s \9?23;{3;?“”
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3.9 Green Concrete (CO,-SUICOM)

CO2 Chemical €0z

COz Thermal plant ’ A
o . power plant
"' works o2 o |8 . i
L = & =]
L L d
Lol
sn B 8 By-product
I—"—'—l g hydrated
lime
Blast :
furnace C0z
slag
CO2
, o2
COz
feaag i s “"_c.:-no (:C».r.u“'. CO2 coO2
mmobilization o
cos CO2zSUICOM a large volume of
CO2 . CO,
& RN & S &
COz ’

© 2021 KAJIMA

| f -SUI M
mage of CO,-SUICO Source: KAJIMA CORPORATION

22



3.10 Green Concrete (CO,-SUICOM)

Result of estimated CO, Affinity to plants
emissions
. c Seeds of brassica rapa were planted on the soil created by mixing each of
l:;gg ; CO, emissions different types of cement paste (W/C=50%) with sand or black soil at a
ratio of 1:1.
a0 | 288kg/m?
250
200 -197kg/m?
(CO, reduction
gained by
150 ( e ement )
materials)
100
50 -109kg/m?
(CO, absorption)
0 -
General 3
.50 concrete -1 8kg/ms

CO2-SUICOM Blast furnace -

Source: KAJIMA CORPORATION
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Exhaust

3.11 Carbon Recycled Concrete

Immobilization of CO, inside concrete

% " co, * Methane Normal cement
5 | capturing ‘
< | ‘ Fue! Blast-furnace concrete (Class B)
Direct use | Chemical product | | T C
~ : C tz -
of CO, s calcium carbonate .- imerl] e eConcrete
Cement Zero +
Storage CCS Recycled CCU ‘L iy capponate, T- eCon/Carbon-Recycle

Carbon dioxde Capture and Storage | -100 O 100 200 300
Carbon dioxde Capture and Utilzation C02 emissions (kg/m3)

(Assumption: 0.5 kg of CO, is emitted from manufacturing of calcium

Cross-sectional views carbonate with 1 kg of immobilized CO,)

(Cross section (Diameter: 10 cm) Distribution of immobilized CO,

After spraying pH indicator
(carbon) (white dots) (Pink color indicates strong alkaline)

Source: TAISEI CORPORATION
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3.12 Use of CO,: Methanation

Existing infrastructure and facilities can
be used

- : \.\
Use

Synthesized
Synthesis : methane i l
== (CH,)

1
2R A

-

Using city gas
conduits

CO, emitted from use (combustion) of synthesized
methane is offset by CO, separated and captured,
resulting in no increase in CO, through use of
the synthesized methane.

Capturing Emission

Power © &

plant, etc.
=

(Source) Partially revised the “Carbon Neutral Challenge 2050 Action Plan”, The Japan Gas Association
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3.13 Use of CO,: Cellulose Nanofiber (CNF)

Use of CNF materials leads to decrease in weight by 16% and improvement in
fuel efficiency by 11%.

Backdoor glass NCV and its components Rear spoiler

(PC-CNF 15)
Toyota Motor East Japan

Roof panel
(PC-CNF 15)

=

(PP-CNF 10)
Kyoraku

6 Door outer panel (PP-CNF 10)
Toyota Boshoku

Toyota Motor East Japan

-

ns)

===
-\ Wheel fin

i,
j

Bonnet |
(CRIF 100) L8 | (PAB-CNF 10) Door trim (PP-CNF 10)
! 8 Kyoto University ToYyota Boshoku

Risho Kogyo y ,

W) (AI/ICNF seat)
_ Showa Marutsutsu

Under cover
(PP-CNF 10)

Kyoraku - o
Battery carrier

(PP-CNF 20) Bumper side
Toyota Auto Body (PA6-CNF 10)
Reference exhibitor Kyoto Universit f

~J

Source: NIKKAN KOGYO
SHIMBUN, LTD.

The figure in parentheses is a composition ratio (%) of CNF.

PP (polypropylene)  EP (epoxy resin)
PC (polycarbonate) Al (aluminum)
PAG6 (Nylon 6)

Floor me Package tray front cover

(EP-CNF) (PP-CNF 10)
Kanazawa Institute of INOAC

Technology, TCD 26




3.14 Use of CO,: Artificial Photosynthesis

Process of manufacturing olefin using artificial photosynthesis

a “\. Photocatalyst

H:0

Separation
membrane

With the use of a separation
membrane, hydrogen (H,) is
safely extracted from the
mixture of H, and oxygen (O,)
which is explosive (using the
difference in sizes of the two
substances).

4

Separation
membrane
Hz i
.|.
Oz

/\ i Power plant/factory

Hydrogen (H,) and oxygen (O,) are
efficiently produced using the
photocatalyst that decompose water
(H,0) in the presence of solar light.

Photocatalyst
Photocatalyst H for hydrogen
for oxygen 0 ! generation
generation =2 i

H:

. Synthesis

Olefin (C,, C3, and C,), which is a
plastic ingredient, is efficiently
synthesized from the hydrogen (H,)
and carbon dioxide (CO,) obtained
using the synthesis catalyst.

|7' catalyst

ICZ: Ethylene

IC3: Propylene

IC4: Butene

Ingredient of plastic, etc.

(olefin)

27



4 N
Raw material Cement kiln
Oil / naphtha | | Waste power

% . 4 eeneratlon, etc).

S
- )
Basic chemical product
(monomers)
Ethylene, propylene, etc.
J
JL
( Plastic material &
(polymers)
Polyethylene, polypropylene,
\_ etc. )
g o
fir -

Plastic products
(molded articles)

Material recycling

co,

Chemical recycling

Thermal recycling (utilization of heat)

4.1 Recycling Technologies (Plastic Manufacturing)

Source: METI
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4.2 Recycling Technologies (Plastic Manufacturing)

CO, emitted from these
16 million tons per year

Unused
Sim'ﬁle ._.‘Landfllllng |
ingineration “7.6% Material

: 8.29% * recycling

23.3%

»
:' Total emissions of

waste plastics Chemical
8.91 mil. tons :'"‘4":5:/,0 recycnng
(2018) | iy
Thermal recycling
: 56.5% :
........................ Source: METI
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4.3 Recycling Technologies (Plastic Manufacturing)

(1) Heat source transition
CO, %===

reduction

He

Plastic and rubber

g products
\ \ ~ =~
Basic chemical
: ollaboration roducts | .
Collaboration with NH; and C2 10 C5 Olefin (2) Material co
within PJ H, PJ - li 2
Approxt. 12 million Lecycling » reduction
3) Raw material shift , O ' o
3) /' c6t0C8BTX N\_ 4 ~
( Solar energy B i

»

Green Collaboration with}
~ hydrogen, etc. / CO, separation

— .

[ ™
\ / Functional .
ﬁ @ Use of CO,_ chemical products Recycling of waste

i~ — Polycarbonate, plastic and waste

Bi , etc.. .
\ iomass, etc materlalj Lpolyurethane, etc. | \ rubber J
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4.4 Synthesis of Plastic from CO,

Removed by distillation

}

. CeO, Polyurethane intermediate
St S
CO, + Diol 210C (polycarbonate diol) +[H0

100

Hzo i =
- 3 . 80 - F %
7
i Condenser New method ¥ g

8

Thermocouple (20°C) S ] (distillation) g
< g 60 | Y
% ."?' Thermocouple / CO, é I //,
- o /
| S 40 |
o
Dehydrating .;1__-‘ I /
gent Diol catalyst 20 | /
| Sio (CeO,) ‘ General
-

L 4 method
. _=————Catalyst (CeO,) 0 . /
lk A i A i A i A

0 20 40 60 80 100

Reaction time (h)

General method New method (distillation)

Fig. Dependency of yield of polycarbonate diol on reaction time

Produced polymer (mmol)

Source: EMIRA Yield of products (%)= x100
Diol put in a flask (mmol)
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