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@Carbon2Chem Project (R1Y)

0

[(SE#RE] | AkzoNobel (X45.)—)L845E)
BASF (AFIAFL>I-—FTIELHE)
Clariant (f4%)

Covestro (B9 F&iE)

Evonik (&&7)L1-ILEE. 7L 1)L &iE)
FAGUMSICHT (XA&IXUH)

ISE (KBBHAFEE)

Linde (HATEEL, A1)

MPI-CEC (N#ZIXUHN)

MPI fir Kohlenforschung (f%%)
Siemens (Y& XTH)
Thyssenkrupp (HEk, YRIXTH)
Volkswagen (&RARIDI—T-)
ZBT (UKZRZEE)

(1#1%]

[COBEHIR] | &%k (Thyssenkrupp) . BREYLIES. €

XI5

A5 )= )XoV EZT7%IZUS. TDABD7ILI-)L
8. =0T SRR [Volkswagen]. BEFI
REZELEFTE

[CCURMm]
[1E31-Y-

2016FTOTI M S—h
202505 E 2 BIRICEE MR TED BN
BIESETEZEHET .

[AF—8%]

R TOCATREIIHAAZFIAL UEFE R, BEREER
&30S0,

-COHEAAIC(E. 44%N,. 23%CO. 21%CO,. 10%H,. 2%
CHA'EFENTHED, BEDIRRIRIF—(CLBT-2KREE
RURBDS, X577 2T RE BB EFRELUREH
RS9 BETE.

20206\ B EFEUIRIZ A NTIBRENSHEHENS
CO,ICHEREH TT, JTOTTV MEE IR EEDHBELEIC
FEESETIBIDEMH .

SPONSORED BY ThE fuel Products

o thyssenkrupp
i ® thyssenhrupp AG 2018, All ights reserved

[H:88] Thyssenkrupp
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@Hydrogen Lab Leuna E-CO2 Met (R4Y) [Xﬁﬁﬁ#ﬁ%ﬂ}

(1B122]

(=E#R] | Fraunhofer CBP (X4.)/)—)l&E)
Fraunhofer IWES
(BIxI>bO-). EAEFEESS)
Sunfire (SOEC*)
Total Leuna (&4fFR)
Total Energies (X4.)—)l&5&)
*SOEC : BB ALK ZESBAETIL (Solid Oxide Electrolysis Cell)
(CO.BELIRE] | &HPR (Total Leuna)
(CCUESR] | X5/)-)L
(Z7—%HR] | 2021570319 RZAA—K,

20244 ()V10v MREENHE T F7E,
LAP&(ZFraunhofer CBPICB| kN, BEE
ZA&RET .

- BUHATNSHEH SN BCO,¢ . BAEL LYK ERAR(SOEC)(ICLS
H,ZFAWT, Bk R BRERBIFIBAINZIEBRE. JU- X5 )—
W2 EIE,

‘Hy2ChemZO>14b (2020~20214) TEHREUZHIMTE
BEMESAERIR T, 20214 LDAE,

ATODTIRTIE. BEOIREIXRILF— DB HZEENEN RS ) —
WERKICEZER S ZR\WSRTOTADIRIIHERMT,

[H:88] Fraunhofer CBP
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®North-C-Methanol (NJL¥-)

| K |

(S E#E]

ArcelorMittal (&%)
Alco Biofuel (J\AABAR}H
ENGIE (&Ef%)

Fluxys (HZA1>73)
=ZFEH CATLEIE)
North Sea Port (&%)
Oiltanking (9>V8TEH#DR)
PMV (1&8)

POM (EEJ5>4—ABAET)
Proman (X%.)—)&5&)
Yara (BE#})

(=]

-IRTE. 63MWOEAETERI45,000b>DX5 /- )V E&E%ZE

+2028£(C300MW, 20304(C600MWICAT =)Ly T, X

[CO,HEHIE]

RIFKARIEN\, FBREIDDEZENSCO,Z B
(ArcelorMittal. Alco Biofuel. Yara)

[CCURm
[131—-H—

PRI - {EZRERBXY )=, 7E'ZT7
[Yara]. ¥#

[RF—%Z]

20184 249—h,
20244FE(CTES T MBI T E.
20284(CTINAY -l (300MWERR) FiE.
2030&(CRT -7y (600MWELR) FiE,

ANIF-0)-A>—h—b ALEE) T BAICLBT)-2K
L. ArcelorMittal. Alco Biofuel. Yarak\LofzithcDEE
EEENSEIUNLEZCO, T X5./)-)Z85E0. fafaRR(EE
SRERICFIBIZTO0S1I8,

BUTERmE,
B )= IWEINCE T EZTOX R EDERZBIET

4 33

To be used locally

— O pipeline
we H:O pipeline
H: pipeline
CO: pipeline
e MeOH pipeline
high voltage
grid connection

[H:88] North CCU Hub
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@Haru Oni Project (FV)

| s e |

(SiEHE]

EMPRESAS GASCO (BB ARSE)
ENAP (42705, ¥07%)

Enel Green Power (E/]. 7KZE&HE)
ExxonMobil (MTG**)

Global Thermostat (DAC*)

HIF (e-fuel®E)

MAN (X5/)-)L&RK)

Porsche (&)

Siemens Energy (/3. 7KELE)

*DAC : EIEZERLINEAN (Direct Air Capture)
*AMTG : X5)-ILhB0HV) &R (Methanol to Gasoline)

(1#1%]

(CO HFHIR]

A= (DAC)

(CCURmMm
[1F1-5-

X5 )=, e-fuel (GRkHYY>) [Porsche]

(RF—-%2X]

2016FBEII— K,
2021698 2:5R0A.
2022612 B4 ERA.

(A9 )—=)V75BL/%E. 55813/ L/4)
2025%e-fuel 5,5005L/FEB1ZE,
2027%Fe-fuel 5.5 /FEBE,

BAAFEEBICLBTV-2KFEE KKHBEIRULIZCO,NBAY ) —
L. e-fuel (&EHV)Y) ZzE&IHE&,

-20224 12 A (Ce-fuelDAEHFILA.

-Bh&EUTze-fuel (BERAVYY) (O 7FHRaTERN(CEIE TS
FiE

< 20274E(C5.5BL/FnEERBIET.

[{:#2] Siemens Energy
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®LululemonéLanzaTechic &3 EMERE CKEL 1> R, BiF) | v |

(1Bi2]

(SE#E3] | Century GRUIZFIL)
Far Eastern New (fi#)
India Glycols (IFL>JUd-ILERK)
Lululemon athletica (7/SUJL)
LanzaTech (I%./-I&5E)
(COHEHIR] | EEZE. B2, RE. AKRE GEHETRE)
(CCUHGE I4)-)b. EJIFL>HY-) (MEG) . RUT
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Carbon Recycling Roadmap (Summary)

The technical aspects published in the “Roadmap for Carbon Recycling Technologies (July 2021 Revision)”
have been revised, organizing the significance, efforts, and challenges towards promotion.

Significance of Carbon Recycling (CR)

e Carbon recycling is an important carbon management initiative aiming for decarbonization, whereby CO,; emissions from industrial activities

are reduced as much as possible, and the remaining CO2 emissions are properly managed. Recycled carbon dioxide can be used to make (a)

chemicals and (b) fuels, and can be (c) mineralized to make materials such as concrete.

e By viewing CO, as a valuable asset (resource) and converting it into other valuable items, CO2 emissions can be markedly reduced when compared
to traditional methods across the entire supply chain of products, contributing to the realization of a carbon-neutral society by 2050.

¢ Estimated maximum CO:> recycling volume by 2050 (equivalent to CR products used domestically): approximately 200 million to 100 million

tons (estimated value)*.

will decrease as energy saving and hydrogen utilization progress.

* Regardless of the origin of CO,, location of emissions (domestic or abroad), nationality, or fixed period. For example, the amount of CO, used

(1) Technology Development & Social Implementation

» Concretize the development of technology, etc. to be implemented by 2030.

» Promote technological development and demonstration aiming for early
establishment of technology, cost reduction, and dissemination (e.g.,
commercialization of synthetic fuels in the early 2030s).

» Anticipating commercialization, LCA, etc., are crucial.

[Challenges and Actions]

» Support measures towards commercialization, considering the costs of
hydrogen and separation/recovery technology.

» Social acceptance of the environmental value and cost of carbon recycling
products.

(2) Inter-industry Collaboration

+ Inter-industry collaboration between CO, emitters and users is diverse and
can be generally divided into three categories: (a) large-scale industrial
agglomeration, (b) small and medium-scale decentralized, (c) on-site.

+ CO, management operators who handle matching between users and
suppliers and are responsible for CO, traceability play an important role for
stable and efficient collaboration.

[Challenges and Actions]
» Consideration of support for first movers by the public and private sectors
towards creating model cases and organization of related laws and

regulations.
» Review of CO2 transport and collaboration (especially for small and medium-

Promotion scale decentralized).
. . i of CR » Consideration towards the establishment of a system, including the role and
(3) Evaluation of Environmental Value & International Deployment ' bearers of management operators.
Adoption

» Organize the purpose, significance, cooperative countries, and challenges of
CR's international deployment.
- Optimal allocation of CO, and energy supply chains, creation of markets in
the same field (e.g., oil and gas producing countries).
- Varied resource diplomacy, strengthening relations with a view to a carbon-
neutral society (e.g., countries exploring diverse transitions such as AZEC).

[Challenges and Actions]

» Consideration of collaboration with like-minded countries and foreign
companies for a system to properly evaluate CO2 emission reduction effects
(LCA, standardization, etc.).

 Building a system that can properly allocate the environmental value of cross-
border carbon recycling's CO2 through specific projects.

» Information dissemination through GX Week (International Conference on
Carbon Recycling).

(4) Creation of Bearers & Establishment of Ecosystem

» The number of research institutions studying CR is increasing. On the other
hand, startups in this field in Japan are mainly at the pre-seed and seed
stages.

» Organizing existing efforts to nurture these budding technologies towards the
popularization of CR (demonstration bases, private and regional initiatives).

[Challenges and Actions]
» Integrated support measures from industry, academia, and government
towards the cultivation of bearers and the establishment of an ecosystem.
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I. The Significance of Carbon Recycling



The Role of Carbon Recycling towards Carbon Neutrality

e To achieve the goal of carbon neutrality by 2030, it is necessary to maximize the use of carbon recycling and CCS as carbon
management strateqgies, particularly in_sectors such as power plants, the materials industry, and the oil refining industry,

where decarbonization cannot be achieved through electrification, hydrogenation, etc., and CO2 emissions are unavoidable.

o Carbon recycling, which treats CO2 as a valuable resources and reuses it, is an_important option that serves as a 'key' to
reconciling Japan’s decarbonization drive with its industrial and energy policies, alongside renewable energy, nuclear power,

hydrogen, and ammonia.
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ransport e §
.................................................... Py -
]
> Mainstreaming renewable i i . |
. eneray Maximum introduction of ]
’5 > Re-establishment of the [f:eegfa::;; '::'rggwer |
- nuclear energy policy P
- Electricity . source
0 aomilton |»  Reduce the ratio of thermal Piiréiis ootens: hvdisgen i
2 power generation based on B . ’
L the premise of stable supply Electricity aRmmolr_na, CCusiCarbon I
> Hydrogen/ammonia power ecycling [
generation :
Carbon Pllz)atha(t:ion, |<_
removal ) . o | S,
(Source: Green Growth Strategy Through Achieving Carbon Neutrality in 2050) .




The Significance of Carbon Recycling

o Carbon recycling is one of the important initiatives for decarbonization, which aims to manage residual CO,
emissions appropriately after minimizing CO, emissions from industrial activities as much as possible.

o By treating CO, as a valuable resource and converting it into another valuable product, it is possible to control
CO:2 emissions across the entire supply chain of products, compared to traditional methods, thereby
contributing to the realization of a carbon-neutral society by 2050.

< |f fossil fuels are used as usual: Base Case >
CO, CO,

+ +
. \’ When comparing

these systems as a

___________________________________ } " . ® whole, the emissions
. in the latter case are
< ReCYC“ng C02 > more suppressed.
efe ] CO,

co, | = RN 4
2 -
'.—% m & +
< Directly capturing CO, from the atmosphere using DAC and bio-mass technologies and
reusing it (Ideal state for 2050) >

CO, in the
atmosphere vhy

CO

X - CO,
*4

Y A - g
—~ «

(Source) Secretariat's creation from the Techno-Economic Assessment & Life Cycle Assessment Guidelines for CO, Utilization (Version 2.0).




Potential for CO, Circular Use Through Carbon Recycling

e The theorgtical maximum potential for CO> use in manufacturing carbon-recycled products used in Japan is
estimated.

- Assumes a maximum scenario of cyclical use of CO2 based on Japan's topographical and energy policy
constraints.

- Estimated values do not depend on the origin of CO», the point of generation (domestic or overseas), or the
length of the fixation period.

e The maximum amount of CO, recycled (equivalent to carbon-recycled products used domestically) as of 2050 is
approximately 200-100 million tons.

o8 0
@ Vegetables "¢

g > Q_OQQ\;;\‘{\ e-methane
Py —rt’ " Methanol

Packaging Materials, ~ Synthetic Fuels (e-fuel) §
Containers, etc., SAF

Chemical Products __“ & Building
Bio-manufacturing Materials
4 (Concrete)
e Potential for CO, Circular Use Through
Fertnlnzeri Carbon Recycling (Estimated)

Maximum approximately 200 million to
100 million tons (by 2050)

Capture

* Estimates are based on demand forecasts published by reliable international organizations such as IEA World Energy Outlook. In cases where related
industries have announced individual target figures, those values are referred. Estimates are limited to items that can be calculated based on such available

references. The figures may change in the future due to technological advances and changes in the demand outlook. For example, if energy conservation and
hydrogen use progress in the future, the maximum potential for carbon recycling is expected to decrease.



Il. Technology
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What is Carbon Recycling Technology?

. Carbon Recycling: We consider CO, as a source of carbon and recycle this valuable material. It will
be recycled into concrete through mineralization, into chemicals through artificial photosynthesis, and
into fuels through methanation. CO, emission is reduced by developing and deploying these
technologies, which contributes to the realization of carbon-neutral society.

¥
EOR *1 EOR : Enhanced Oil Recovery
Storage

[ Emissions etc. ]
Direct utilization
(Welding, dry ice, etc.)

Direct utilization e 4- Carbon Recyc"ng
Utilization

CO.. Sebaration i Thermal chemistry (catalysts, etc.)
an Cagturing (Basm Substances Photochemistry (photocatalysts, etc.)
% - CO/H; Syngas Electrochemistry (electrochemical reduction, etc.)
Capture ]-[ Transportation ] - Methanol, ethanol, etc. Biomanufacturing (microorganisms, etc.)
\ . Combinations of the above

Chemical or physical ab/adsorption,
membrane separation, etc. Commodity chemicals (olefins, BTX*?, etc.)

Direct Air Capture (DAC) ‘ Chemicals ] - Oxygenated compounds (polycarbonate, urethane, etc.)
CO, transportation (vehicles, pipelines, ) Biomanufacturing, biomass-derived chemicals

ships, etc.) *2 Benzene, Toluene, Xylenes
Common Technologies

Liquid fuels (1) (synthetic fuels: e-fuel, methanol)
— Fuels ] - Liquid fuels (2) (biofuels: SAF*3)

CO, free hydrogen - Gas fuels (synthetic methane, LP gas, etc.)
. Water electrolysis *3 Sustainable Aviation Fuel
- Fossil fuel reforming + CCS, etc. [ i :
\_ J Minerals - Concrete, cement, carbonates, carbon, carbides, etc.
Renewable energy i . \
Others - Blue carbon/marine biomass, food, plant utilization, etc.
Related Technologies . \ )
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Expanding the Blueprint of Carbon Recycling

o While taking into account the procurement environment for hydrogen and the maturity of the technologies, the aim is to establish
technologies as early as possible in each product field, reduce costs, and promote widespread use. This will be achieved through

technological advancement, development and demonstration.

*It is crucial to bear in mind the CO, reduction effect (environmental value), including perspectives from Life Cycle Assessment (LCA) and other
similar frameworks, especially when considering market introduction and overseas expansion. LEA e G Aescee it

Present 2030 Beyond 2040

Possibility of bringing
forward due to changes
in manufacturing costs

and business environment
Expected to spread from around 2040

Regarding carbon recycling products that can be disseminated after « Chemicals Commodity chemicals (olefins, BTX, etc.)
2040 with a low-cost supply of hydrogen, we aim to improve the "« Fuel GreenLP gas
efficiency of manufacturing methods and scale up. * Minerals Concrete products (for use in architecture,

bridges, etc.)
Promote research, technological development, and -
demonstration related to carbon recycling. In particular,
for commercialization, we will focus on technological Expected to spread from around iﬁﬂ l . Further cost

development of products that do not require hydrogen . §
and products with a high level of technological maturity. - Chemicals Polycarbonate, etc. reduction

. « Fuel synthetic fuel, SAF, synthetic meth - i
(Chemlcals (e.g., polycarbonates) ) ) yIhEte el ; SHITEHGITE e Consurpptlon
Further reduction of CO, emissions through process improvements - Minerals Concrete products (roadblocks, etc.), cement expansion

( Fuels (e.g., SAF) ) /

Reducing costs to about 1/8 to 1/16 of current levels

( Minerals (concrete products such as road blocks) )

Reducing costs to about 1/3 to 1/5 of current levels

. Raw -
" Material : aydicden JPY 100/Nm? JPY 30/Nm3 *Target for 2050
- Cost . : %
- 7¥%. = CO,separation approx.JPY 4,000- JPY 20/Nm3
and recovery 6,000 /t-CO, JPY 2 e Below JPY 1,000/t-CO,
(DAC: Below JPY 2,000/t-CO,) 12

(DAC: JPY 30,000-60,000/t-CO,) (DAC: JPY 10,000/t-CO,)



Important points for Carbon Recyling Technologies

In order to effectively advance R&D in Carbon Recycling technologies to address
climate change and the security of natural resources, the following points need to be
considered:

Inexpensive CO, free Hydrogen is important for many technologies.

v Under the hydrogen and fuel cells strategy roadmap in ‘Basic Hydrogen Strategy,’
the target cost for on-site delivery in 2050 is JPY 20/Nm3.

v While the problem of hydrogen supply remains, (a) R&D for biomass and other
technologies not dependent on hydrogen should continue, (b) CH, (methane)
should be used in place of hydrogen until the establishment of hydrogen supply.

Using zero-emission power supply is important for Carbon Recycling.

v Conversion of a stable substance, CO,, into other useful substances will require a
large amount of energy.

Life Cycle Analysis (LCA) perspective is critical to evaluate Carbon Recycling
technologies. These analysis methods should also be standardized.

Reducing the costs of CO, capturing technologies including DAC is necessary and will
have a positive feedback on carbon recycling.
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Reference: Summary of Carbon Recycling

Basic
Substance

Chemicals

Fuels

Minerals

Common
Technology

Basic
Substance

Technology and Products

Partially commercialized. Innovative
process (light, electricity, utilization)
is at R&D stage.

Partially commercialized (e.g., Syngas, etc.

produced from coal). Others are at R&D
stage.

SynGas/
Methanol, etc.

Commodity

Chemicals
(Olefins,BTX,etc.)

Partially commercialized (e.g.,
polycarbonates). Others are at R&D stage.
[Price example] Price of the existing
equivalent products (Polycarbonate)

Oxygenated
Compounds

Biomanufacturing,
Biomass-derived
Chemicals

Technical development stage (Substance
production using CO, and non-edible
biomass etc. as raw materials)

Technical development
/Demonstration stage
[Price example] SAF JPY 1,600/L*1

Liquid fuel
(Biofuel (SAF))

Liquid fuel fTuZ‘ffzgi‘ij'eg;ﬂve'opment stage (Synthetic
(Synthetlc fuel (e' [Price Example] Synthetic fuel approx. JPY
fuel)) 300-700/L""
S Sa-s fuelh Technical development/
( ynLtPetIC mett )ane, Demonstration stage
gas, etc.
Concrete, Partially commercialized. R&D for various
Cement’ technqlogies and techniques for cost
Carbonates reduction are underway.

[Price Example]

Carbon, Carbides order of JPY 100/kg (Road curb block)

Partially commercialized (chemical
absorption). Other techniques are at R&D
stage

[Price Example] Approx. JPY 4,000-6,000
/t-CO, (Chemical absorption)

CO, Separation

and Capture
(including DAC)

Technologies have been roughly
established (e.g., water electrolysis). R&D
for other techniques and cost reduction are
also underway.

Hydrogen

*1 Current prices of carbon recycling products are based on research by secretariat.

*2 Prices of existing products are reference values based on statistical data and research results.
*3 Target value set in the ‘CO,-Based Fuel Manufacturing Technology Development' project's research and

development & societal implementation directions (8th Industrial Structure Council Gl Project Subcommittee
Energy Structure Transformation Area WG, December 23, 2021).
*4 Target value in the 'Green Growth Strategy Through Achieving Carbon Neutrality in 2050' (June 2021).

Improvement of conversion efficiency
and reaction rate, improvement in
durability of catalyst, etc.

Improvement in conversion rate/
selectivity, etc.

Reduce the amount of CO, emissions
for Polycarbonate.

Commercialization of the other
compounds (Improvement of
conversion rate/selectivity, etc.)

Cost reduction/effective pretreatment
technique, microbial modification
technology, etc.

Improvement of productivity, cost
reduction, effective pretreatment
technique, etc.

Improvement in current processes,
system optimization, etc.

System optimization, scale-up,
efficiency improvement, etc.

Separation of CO,-reactive and CO,-
unreactive components, pulverization,
cost reduction, etc.

Reduction in the required energy, etc.

Cost reduction, etc.

Approx. JPY 180/kg2

(ethylene (domestic sale price))

Approx. JPY 400/kg™
(polycarbonate (domestic sale

price))

Approx. JPY 100/L"2 level
(bio jet fuels (domestic sale

price))

Approx. JPY 170/L"2
(gasoline (domestic sale price))

JPY 105/Nm?3"2
(Natural gas (import price))

JPY 30/kg™
(precast concrete for road curb
blocks (domestic sale price))

Further reduction

Reduction in process costs in process cost

Further reduction

Reduction in process costs in process cost

Further reduction
in process cost

Costs: similar to those of
existing products

About 1.2 times the costs of

- Further reduction in cost
existing products

Reduction in process costs Further reduction in cost

Costs: similar to those of
= existing products
(about JPY 100-150/L)3

Costs: similar to those of
existing products
(JPY 40-50/Nm3)™

Reduction in process costs

Road curb blocks, etc., with
high technological maturity
costs: similar to those of
existing products

For products with expanded
applications costs: similar
to those of existing products

Approximately
JPY 1,000-2,000/t-CO,
(Refer to the slide on common
technology (CO, separation
and capture technology))

< JPY 1000/t-CO,
< JPY 2000/t-CO,
(DAC)

JPY 20/Nm374

3+4
JPY 30/Nm (cost for on-site delivery)



Il. Accelerating Industrialization
(1) Inter-Industry Collaboration
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Concepts and Directions for Promoting Inter-Industry Collaboration

For the social implementation of carbon recycling, it is essential to build a supply chain of CO,
which involves aligning CO, emitters with users, in other words, promoting inter-industry
collaboration. However, this is virtually nonexistent at present, excluding direct-use sectors.

Additionally, considering the uncertainties accompanying long-term projections, it _is
necessary to maximize the utilization of existing infrastructures while also considering
future social designs, such as the spread of hydrogen and ammonia, the implementation of

CCS and DAC.

Inter-industry collaboration involves processes of CO, capture, transportation, and utilization, each
of which involves different industry operators. The way of collaboration can vary widely and
considering business _environments, a staged approach to building a CO2 supply chain
could potentially expand business opportunities. In this process, monitoring legislative trends
Is crucial.

While the cost of carbon recycling is generally higher than existing technologies, significant
cost reductions can be expected in the future by increasing the scale of CO, circulation through
inter-industry collaborations. Furthermore, it can potentially lead to maximizing CO2 reduction
effects and revitalizing regions through nurturing new industries.

« Promote phased considerations for diverse inter-industry collaborations,
considering future social designs, and make progress visible.

o Also, examine the role, challenges, and potential carriers of “CO2 Management
Operators (tentative hame),” who will be responsible for reducing CO, emissions
in the entire region and matching the suppliers and users of captured CO.,,.

o Public-private efforts for awareness-raising, support for first movers.
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Types of Industrial Collaboration in Carbon Recycling

e In industrial agglomerations such as complexes, existing infrastructure is well established,
and the efficient hydrogen supply necessary for carbon recycling is possible. On the other
hand, CO2 is_emitted throughout Japan, and there are technologies that do not require
hydrogen, such as cement and concrete.

e The way of industrial collaboration is diverse, but based on the supply amount of CO,, the
accumulation degree of users, and the status of existing infrastructure, industrial collaboration can
be classified as in the following three types:

Large-scale Industrial Small and Medium Scale .
i L. On-site Type
Agglomeration Type Distributed Type
> Existence of CO, emitters and users > Need to aggregate CO, due to absence of » Assuming CR technologies such as methanation

large-scale CO, emission sources . :
9 a > It can be realized early from the demonstration

» CR applications differ depending on hydrogen stage, playing a significant role in the initial stage
procurement status. (In inland areas, of CR introduction and the demonstration phase.

concrete, cement, food, agriculture, bio, etc.)

> Multiple CR applications are expected.

» Efficient infrastructure development
leveraging scale merits is possible.
» A consideration of the total energy balance, such

: . , as effective use of waste heat and steam, is
(Example of consideration in Chubu Region)

‘ _ necessary.
(Example of Goi-Soga (Chiba) Complex) Esctoriesand ffices
, . LNG Base (City Gas Factory) _){W = [m‘uwm (Example of Carbon Recycling Blast Furnace)
Overseas il | C25 | Sintered ore Coke Effective use
Hydrogen 0 co, Fe:O:gO C o9 CCUS

H, CH, e :
— s S CTR ST N
Gas Equipment i Lqu'pmnt JU

‘ ) Pipeline

CG'3 Methanation Facility _%ﬁty'ﬁas 3 FE:‘Z ::;r::m, [m o

Equipment ] Equpment Equipment

M“ Blast Methanation equipment
. Methane CH,
C02 Cycle Completion 15°°t ; \ CN reducing material
Hot metal
nygen 0,

N

(Source) NEDO Project "Investigation of Industrial Collaboration in (Source) 9th Methanation Promotion Public-Private Council (Source) 7th Methanation Promotion Public-Private Council (JFE Steel
Goi Area, Chiba Prefecture (Yokogawa Electric Corporation) (Aisin Corporation, Denso Corporation, Toho Gas Co., Ltd.) Corporation)
CR : Carbon Recycling 1 7

CO:;
Carbon

recycling

Hydrngen




Management in CO, Circulation

e Implementing Carbon Capture, Utilization and Storage (CCUS), energy conservation, and energy transition
individually has limitations. By promoting cross-industry collaboration involving more companies, not only
can it lead to CO2 emission reduction across the region, but it also contributes to stable and efficient

supply and demand of CO-.

e To achieve this, it is effective to establish a business entity (CO2 Management Company) responsible not
only for matching suppliers and users but also for balancing supply and demand, and for managing to
maximize CO2 reduction. This entity is also expected to ensure the traceability of CO..

» Roles Expected of CO, Management Companies (proposed)

Stakeholders Suppliers Transport
Optimal transport network
Goods _ _ _ _ .
Environmental conservation, safety, compliance with laws and regulations
Supply and utilization assurance (balance of supply and demand, quality (concentration, impurities))
Provision of demand forecasting Provision of supply forecasting
Business planning (environmental value, step-by-step approach to collaboration, etc.)
Services | |
Construction of a digital platform to visualize the value chain (including traceability)
Systems | |
Project composition & expansion (matching of suppliers and users)
| I
Management of information related to the business activities of participating businesses (encryption)
1 |




Il. Acceleration of Industrialization
(2) Initiatives for International Collaboration
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Significance and Direction of International Collaboration for Carbon Recycling

o« Pursuit of optimal allocation of CO2, other raw materials, and enerqy, and creation of a
carbon recycling market.

o Diversification of resource diplomacy, considering the decarbonization of fossil fuels.
Strengthening relationships with a view to carbon neutrality.

o Further exploration of projects is sought in countries where Japanese companies have
already entered in this field. If there are requests for policy support etc. from
companies, appropriate responses are necessary through existing budget schemes and
bilateral dialogues.

« Close collaboration is needed with oil and gas producing countries, etc., considering
the perspective of ensuring stable energy supply, including carbon recycling in the
international arena.

o With countries such as the Asia Zero Emission Community (AZEC) that are
exploring various paths to carbon neutrality, cooperation will be strengthened while
confirming that carbon recycling is one of the promising solutions.

o Establishing the environmental value created by carbon recycling and maintaining alignment
in the international arena.

o We are aiming to establish a system where businesses and research and development
institutions can appropriately measure and evaluate the environmental value of carbon
recycling through Life Cycle Assessment (LCA) methods. We are also aiming to create a
mechanism that allows stakeholders to explain and advocate their environmental value
by mutually acknowledging the environmental value and its attribution.
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International Expansion of Carbon Recycling by Japanese Companies

Sekisui Chemical and ArcelorMittal \
have entered into a partnership on a
project to reuse CO,.

Mitsubishi Corporation is jointly
exploring a business to develop and

sell carbon credits derived from

CCUS with the Swiss company,

South Pole (Carbon Credit).

\\\ﬁ/

)
Middle East I

Mitsui & Co. and Saudi Aramco are

carrying out a Synthetic Methanol
_feasibility study (F/S).

/1

Central and South America

Peru: Osaka Gas and Marubeni are
carrying out an e-methane F/S.

Canada

Hitachi Zosen is conducting a
Methanation F/S in the Yulin
Economic and Technological
Development Zone.

Marubeni has concluded an
agreement to acquire the Asian sales
rights for methanol by MFES and

A ce:

Collaboration between Mitsubishi
Corporation and Carbon Cure (low-
" carbon concrete).

.4 Tokyo Gas and CleanO2 (Recovery
Equipment Development) are

| developing on-site CCU technology
to produce potassium carbonate
from CO, emissions from city

/ @s.

B

4

ASEAN § ‘?‘jﬁﬁ"

Malaysia: Sumitomo Corporation \

and Tokyo Gas are carrying out an
e-methane F/S with Petronas.
Thailand: Nippon Steel Engineering
is demonstrating CO, recovery/on-
site methane synthesis from local
cement factories (starting 2024).
Indonesia: Chiyoda Corporation
and Pertamina are jointly studying
the application of CCU
technology.

Singapore: IHI and the Institute of
Science and Technology are
developing a new catalyst to
synthesize CO, raw material SAF
and have an MOU to establish a
joint research and development
center.

Singapore: An agreement on
Methanation F/S between Osaka

Australia

Methanation F/S by INPEX and\
CSIRO.

Itochu and Taisei Corporation are
collaborating with MCi (Carbon
Calcium Fixation).

Osaka Gas is conducting detailed
studies with Santos on e-
methane production in Australia
and exports to Japan and other
countries.

Toyo Engineering and Sojitz are
considering building an e-
fuel/SAF value chain in QLD.

| Mitsubishi Gas Chemical and
Cement Australia are considering
commercializing methanol
manufacturing and sales using

oy

Corporation and Blue Planet (CO,-
utilizing aggregate), Mitsui & Co. and
LanzaTech (ethanol). Collaboration
between Sekisui Chemical and
LanzaTech (lwate Prefecture
Demonstration Plant).

Mitsui & Co. and CERANIZE have
invested to enhance methanol
production facilities using CO, from
plants.

Mitsubishi Heavy Industries has
invested in Symbita Factory, which has

Tokyo Gas, Osaka Gas, Toho Gas,
Mitsubishi Corporation are conducting
an e-methane production and
transportation F/S near the Cameron
LNG base. JERA is conducting a
methanation F/S.

Osaka Gas is conducting an e-
methane FS with bio-derived CO, +
blue hydrogen + CCS.

Mitsubishi Heavy Industries has
invested in Infinium and entered the
synthetic fuel (e-Fuel) business.
Tokyo Gas has invested in Global

\Ga\s and a local company. /

&ecovered CO, and hydrogen. /

{hermostat (DAC).

CO, utilization technology using bio.

Collaborations between Mitsubishi \
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Challenges to the Environmental Value of Carbon Recycling:
(a) Information Disclosure by Private Businesses

e The GHG Protocol requires businesses to report all CO, emitted during their operations. Among them, the rule
for the disclosure of CO, emissions through the supply chain (Scope 3) demands double or triple counting,
which is not a system to evaluate carbon recycling (emission control) from a whole system

perspective.

o Therefore, it is necessary to create a system that can evaluate emission suppression by carbon recycling.

Concept of accounting in GHG Protocol Scope 1, 2, and 3

Upstream Company's own 1 Downstream
@ Scope3 SO Scopel Scope2 Scope3
e < ' o
: s i p. N
(@Raw materials .-E @ Commuting %m 7o m
@ Transportation and distribution Fuel combustion ~ Electricity use @Product use @ Product disposal
# Others: @ Capital goods, @ Fuel and energy-related #i* Others: @ Transportation and distribution,
activities not included in Scopel and 2, waste disposal, 9 Product processing, Leased assets, ®
@ Business travel, @ Leased assets Franchises, @ Investments

Scope1 Scope? Scope3 Total

CO, emitted during
manufacturing and
use

Recovery CO, emitted during
company recovery

CO, from

company manufacturing in-house

CO, emitted during
recovery and
manufacturing

CO, emitted during

User compan
Ry use

Manufacturing |CO, emitted during| glectricity used | CO> emitted during CO, emitted during in-house electricity
recovery and use | Use, recovery, manufacturing, and use

22



Challenges to the Environmental Value of Carbon Recycling:
(b) Handling Cases Crossing Borders

« Carbon recycling using CO, derived from industries as a raw material is considered capable of
apportioning emissions in the life cycle in accordance with the principle of eliminating double
counting.

« However, in the IPCC guidelines, etc., the handling of CO2 from carbon recycling that
crosses borders is not clarified, leaving uncertainty when claiming the achievement of NDCs.

« While implementing specific projects, it is important to organize and adjust the handling in
Japan's inventory, NDCs, etc.

Clarification is needed on which country's NDC is claimed to contribute to.
< Japan >

< Foreign Countries >

co,

S

CO, — CR product

E
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Il. Accelerating Industrialization
(3) Creating Carriers and Efforts Towards
an Ecosystem
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Establishment of a Startup Ecosystem in the Field of Carbon Recycling

o« Carbon recycling requires energy and cost in the CO, sequestration and recovery process and the product
manufacturing process derived from CO,, and various technological developments have already been
promoted for the realization of high efficiency and cost reduction.

o Carbon recycling is an innovation with a different value standard from the conventional, which
captures CO2 as a resource, and further flexible thinking and speedy technological development are
needed for social implementation and industrialization.

o The role played by startups as the carriers of this is very significant. In fact, even in the West, technological
development and demonstrations by startups have become active, and some have already been put into
practical use.

e In Japan, it is important to establish an ecosystem that nurtures carriers of carbon

recycling, centered on speedy startups, and to promote the following initiatives shown in the
government's "Five-Year Plan for Nurturing Startups” (November 2022) as a whole, involving

companies and overseas players.
(a) Building human resources and networks for creating startups
(b) Strengthening funding for startups and diversifying exit strategies
(c) Promotion of open innovation

[Reference] Excerpted from the "Basic Policy for Realizing GX" (February of Reiwa 5)

Taking into account the goals set out in the "Five-Year Plan for Nurturing Startups,” we will drastically strengthen the
support for research and development and social implementation of startups in GX-related fields.
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Efforts towards the Establishment of an Ecosystem

@ Startups in the field of carbon recycling in Japan are mainly in the pre-seed and seed stages, requiring substantial support
for their development. Initiatives such as the development of “R&D and demonstration base for carbon recycling” in Osaki-Kamijima
Island in Hiroshima Prefecture are underway. This involves collaboration between academia, industry, and government to
promote technical development, human resource development & network building, and international expansion, thereby nurturing
potential players and establishing an ecosystem.

o Additionally, there are initiatives to set up carbon recycling centers and research centers at universities in various regions across
Japan. These initiatives should be connected and further developed to create an environment conducive to the establishment

of an ecosystem.

Creation and Development of Potential Players, Establishment of an Ecosystem

—— P4 METI

Human Resource ENERGY
Technical @ED o Development p’:‘:’gﬁrm‘: _ —HRHEEA w m or
Development L Network Building N=FNSINI7E | Ll o5«

v Strengthening industry-academia collaboration with the Carbon
Circular Economy Promotion Councils and related research
centers established in the region

v Dissemination and awareness-raising

v Subsidies for research and development
v Advice from technical and business
experts for technology development at

research bases activities for carbon recycling for the next TR
e f = 20221 @
R&D and Demonstration v Support for human resource development
Baas for Carion Recyciing and network building for young corporate
employees

v Dissemination of information domestically and internationally, and support for collaboration with overseas
- companies through the provision of international conferences and other venues
Internatlt_)nal v Collaboration with carbon recycling research institutions both domestically and internationally
Expansion v Collaboration using Memorandum of Cooperation (MOC)
v Network building with domestic and foreign institutional investors and venture capitalists,
and expansion of funding provision

International Conference
on Carbon Recycling 26



[Reference] Domestic and International Startups in Carbon Recycling

e

[ 574 = Sy e o i 1t
Company / Organization Product / Development o ey {/' W-\)\L_@/EJ 1:.
Country . ow
Name Substance Stage Country Company / Organization Product / Development
N Subst St
0.C.O Technology Lightweight Commerciali- scila il 2
(Start-up) aggregate zation I *I Carbon Cure Cement raw Commerciali-
DAC (using amine- | Commerciali (STarup) material zation
i " - u o = .
‘EI Clime works basad-aali i - z ) ':1'-;. R &
(Start-up) absorbents, etc.) *High Cost Country Company NI Organization SPrgdtuctl Dev;ltopment
,fl& (i a o / Ef);"' ame ubstance age
f—‘ A & | ' L Tech _
anza 1ec Ethanol Demonstration
Company / Organization Product / Development Start-
Country (Start-up)
Name Substance Stage
. Opus12 Methane, Ethane, .
AIgaI Bio ) ) P ) Ethaiiol Demonstration
Bioplastics, etc. |Fundamental (Start-up)
(Start-up) IE
: : : : : —— |Newlight : .
Hiroshima University Cosmetics, etc. |Fundamental 9 . Polymers (using Commerciali-
: . z TecnnOIOQ'es biocatalysts) zation
® Gifu University Urea Fundamental (Start-up)
Tohoku University Silicon carbide |Fundamental Solidia Technology CO, absorbing Commerciali-
Kanazawa University, (Start-up) Guirete Zation
DAC Fundamental . _ —
RITE Blue Planet Lightweight Commerciali-
Some universities have initiated efforts to create new carbon recycling (Start-up) aggregate zation
organizations, signaling potential new actors in the field. o : | ',r"')
(From public information) —
Company / Organization Product / Development
v Ibaraki University: Carbon Recycling Energy Research Center Country Name Substance Stage
v Kyushu University: International Institute for Carbon-Neutral Energy Research i
v Kyoto University: Material Process Innovation Project based on Carbon Recycling HIF (Start-up) S(Zz:[l:‘:l;'c fuels Demonstration

v Shizuoka University: Institute for Carbon Recycle Technology

v Tokyo Institute of Technology: Mitsubishi Electric Energy & Carbon Management

Collaborative Research Base

v Doushisha University: Doushisha University Education and Research Platform for

Carbon Recycling

v Hiroshima University: Carbon Recycling Implementation Project Research Center

etc.

Y.
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Challenges and actions for policies to accelerate the popularization of Carbon Recycling

I 1. Technology development and introduction to society

- Effective support measures for commercializing developed technologies, considering the development status of hydrogen cost and CO,
sequestration and recovery technologies.
Fostering social momentum where the cost of carbon recycling products is accepted, considering their significance and environmental
value, for maintaining industrial competitiveness.

I 2. Inter-industry collaboration

|dentifying issues, including regulations related to advancing inter-industry collaboration and support measures for first movers by the
public and private sectors, to create model cases and expand them horizontally. (Inter-industry collaboration takes time to reach
agreement among stakeholders, and the timing of plant equipment updates should also be considered.)

Digging deeper into collaboration patterns and possibilities, especially for small to medium-sized distributed types, considering that
emission sources exist nationwide. (Large-scale industrial agglomerated types and on-site types already have concrete initiatives, but
there are few cases for small to medium-sized distributed types.)

As a cross-sectional issue for each type, investigations will be conducted to further organize roles of CO2 management operators who
handle overall management including optimal transportation methods, matching of users and suppliers, balance of supply and demand,

ensuring traceability, etc., and ideal systems for stakeholder involvement and inter-industry collaboration, considering the diverse
quality of CO,.

I 3. Environmental value assessment and international deployment

Consideration of how best to collaborate with like-minded countries and overseas companies using various forums to establish a
mechanism (standardization, etc.) that can properly evaluate CO, emission reductions through carbon recycling.

As the handling of CO, in cross-border carbon recycling is not clarified in the IPCC guidelines, etc., we aim to establish a system that
can properly distribute environmental values through specific projects.

Communicating Japan's technology and thoughts on evaluating environmental value through GX Week (International Conference on
Carbon Recycling), etc.

|4. Creation of Stakeholders and Establishment of Ecosystem

- Startups in the field of carbon recycling are mainly at the pre-seed and seed stages, and substantial support from industry, academia,
and government is needed for their growth and commercialization, Effective implementation methods for various supports, such as

technology development, human resource development. international expansion, and introduction of regulations, are necessary.
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Treatment of Carbon Recycling in G7 Summit Communique

The “G7 Hiroshima Summit Communique” was established as a document of
achievements on the occasion of the G7 Summit held in Hiroshima, Japan from May 19 to
21, 2023. Carbon recycling is described as follows:

Paragraph 25

"(Excerpt)... We acknowledge that Carbon Capture, Utilization and Storage (CCUS)/ carbon

recycling technologies can be an important part of a broad portfolio of decarbonization solutions

to reduce emissions from industrial sources that cannot be avoided otherwise and that the deployment of
carbon dioxide removal (CDR) processes with robust social and environmental safeguard, have an
essential role to play in counterbalancing residual emissions from sectors that are unlikely to achieve full

decarbonization."
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Treatment of Carbon Recycling in the G7 Climate Energy Environment
Ministerial Meeting Communique

The “G7 Climate, Energy and Environment Ministers’ Meeting Communique” was
established as a document of achievements on the occasion of the G7 Climate, Energy
and Environment Ministers’ Meeting held in Sapporo, Japan from April 15 to 16, 2023.
Carbon recycling is described as follows:

Paragraph 68 Carbon Management (Excerpt from CR related parts)

"(Excerpt)... We will co-operate to promote development of export/import mechanisms for CO2. We
recognize the need to develop systems or incentives that enhance utilization of CO2 and the value of
CO2 through utilization. Considering the evolving nature of these technologies, we recognize that

CCU/carbon recycling and CCS can be an important part of a broad portfolio of decarbonization

solutions to achieve net-zero emissions by 2050, and Carbon dioxide Capture,

Utilization(CCU)/carbon recycling technologies, including recycled carbon fuels and gas (RCFs) such as

e-fuels and e-methane, also can reduce emissions with existing infrastructure from industrial sources

that cannot be avoided otherwise by displacing fossil-derived commodities and by using CO2...

(Excerpt)... We will accelerate international cooperation to promote harmonization of MRV of CDR and

exchanges

including through collaborative workshops among industry, academia, and government on

32
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Bilateral Cooperation on Carbon Recycling (a)

+ United States

In May 2022, the Memorandum of Cooperation (MOC) on CCUS/Carbon
Recycling was elevated from director level to ministerial level. Based on
this MOC, a Working Group (WG) was established to share policy and
technological information, as well as private sector initiatives between
both countries.

¢ Australia

In September 2019, signed an MOC on Carbon Recycling at the
International Conference on Carbon Recycling. Based on this MOC, the
Japan-Australia workshop was held to share policy information.

¢ Canada
In June 2019, signed an MOC in the field of energy, positioning carbon
recycling as one of the areas of cooperation. A WG was held based on
this MOC.
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Bilateral Cooperation on Carbon Recycling (b)

¢ UAE

In January 2021, signed an MOC during a TV conference between the Minister of
Economy, Trade and Industry and the CEO of The Abu Dhabi National Oil Company
(ADNOC), who is also the Minister of Industry and Advanced Technology. Based on this
MOC, future plans include exchanging information on carbon recycling.

¢ Indonesia

In January 2022, signed an MOC on the realization of energy transition during the
Minister's visit, positioning carbon recycling as one of the areas of cooperation. Future
plans include exchanging information on carbon recycling based on this MOC.

+ Saudi Arabia

In December 2022, signed an MOC on circular carbon economy, including carbon
recycling, during the Minister's visit. Future plans include exchanging information on carbon
recycling based on this MOC.

¢ Singapore

In January 2022, signed an MOC on low-emission technologies during the Minister's visit,
positioning carbon recycling as one of the areas of cooperation. Future plans include
exchanging information on carbon recycling based on this MOC.

+ Thailand

In January 2022, signed an MOC on the realization of energy partnership during the
Minister's visit, positioning carbon recycling as one of the areas of cooperation. Future
plans include exchanging information on carbon recycling based on this MOC.

34



International Conference on Carbon Recycling

e Through the conference, countries confirm their efforts towards technological development and demonstration for
the future introduction of carbon recycling to society and strengthen their cooperation with each other.

o Specifically, we are further deepening our cooperation with each country, disseminating information about the
progress of the Green Innovation Fund projects and R&D and demonstration base for carbon recycling at Osaki-
Kamijima Island in Hiroshima Prefecture, and affirming Japan's leadership in technological development and
demonstration towards effective decarbonization worldwide.

1. Conference Outline (Most Recent was the 4th Conference)

Date: September 26, 2022 (online from 1:00 PM to 4:45 PM (JST))
Number of Participants: Around 1,200 (23 countries and regions)
Program: Ministerial speeches, expert panel discussions
Investment and start-ups
R&D, human resource development, problem identification
R&D and demonstration base

2. Major Participants

Mr. MINAMI, Deputy Commissioner for International Policy on Carbon Neutrality =
g 5 7 . . . R&D and Demonstration Base for Carbon Recyclin =
H. E. Arifin TASRIF, Minister of Energy and Mineral Resources, Republic of Indonesia A i Scbuliadddly

Mr. Brad CRABTREE, Assistant Secretary for Fossil Energy and Carbon '
Management, Department of Energy (DOE), USA

Mr. Frank DES ROSIERS, Assistant Deputy Minister for Natural Resources Canada

Dr. Zeid Mohammed AL-GHAREEB, Head of Circular carbon economy program,
Ministry of Energy, Kingdom of Saudi Arabia

Dr. Timur Giil, Head of Energy Technology Policy Division, International Energy Agency A cabon U Carbon

2 £ R lin
Dr. NISHIMURA Hidetoshi, Secretary General, Economic Research Institute for Socycing I —=C=1%
ASEAN and East Asia

Mr. YUZAKI Hidehiko, Governor of Hiroshima Prefecture, Japan
Mr. FUKUDA Nobuo, Chairperson, Carbon Recycling Fund Institute, Japan

Carbon Recycling Fgren (G

e ‘
H.E Arifin TASRIF Ministerial Speeches
Minister of Energy and Mineral Resources, Republic of indonesia

Other carbon recycling stakeholders from industry, government and academia
in various countries 59



CO, Emission Locations and Characteristics of Each Site

e Large-scale CO2 emission points such as industrial complexes are concentrated in coastal
areas, but emission sources exist in other regions as well.

o Considering the transportation costs of CO,, the manufacturing bases for each product, and the
existence of CR products that do not require hydrogen, the possibilities of utilizing CR
technology are not limited to large-scale emission points such as industrial complexes, but also
include small-scale emission sources in inland areas, etc.

» Map of Direct Emission Sources of More Than 10,000 Tons (Provided by RITE)
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Collaboration with Base Development in Hydrogen and Ammonia

Petrochemical complexes and other large CO, emitting regions are important not only for carbon
recycling, but also for the development of hydrogen and ammonia bases, and will be linked to the

construction of hydrogen and ammonia supply chains.

Progress of Base Development

Support System 0 1 2 3 4 5 6 7 8 9 10
(a) Feasibility Study (FS)
Firct B Acceptance Period Stage Gate (*Required to pass at some point during the period)
irst Base
(b) Detailed Design
Technology A Acceptance Period Stage Gate
(e.g., Low-Combustion (c) Infrastructure Development
Technology) Acceptance Period
Achievement of TRL 8 for the first base technology
(a) Feasibility Study (FS)
Second Base Acceptance Period Stage Gate
Technology B (b) Detailed Design
(e.g., High- Acceptance Period Stage Gate
Combustion (c) Infrastructure Development
Technology) Acceptance Period
Achievement of TRL 8 for the second base technology
(a) Feasibility Study (FS) Acceptance Period
_ Stage Gate
Third Base _ _ _
Technology C (b) Detailed Design Acceptance Period
(e.g., Carbon Recycling) Stage Gate
(c) Infrastructure Development Acceptance Period
Achievement of TRL 8 for the third base technology

(Source: January of Reiwa 5, Joint Meeting of the Hydrogen Policy Subcommittee and the Ammonia/Decarbonized Fuel Policy Subcommittee of the Comprehensive Energy Study Council)
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About the CO, Supply Chain

e Inter-industry collaboration is concentrated on_the processes of CO. separation and capture, transportation,
and utilization. There are various business types among the CO, emitters and users, and multiple means of

transportation exist, including existing logistics.

The nature of inter-industry collaboration varies, from where to capture CO2, which means of transportation

is appropriate, to the various uses of CO:. In this regard,

from the current direct use.

the required quali

of CO: varies by user, differin

CO, Emitters CO, Storage
(CO, Separation & Capture) CO, Users (CCS)
@ [P j/l/
———
omm
CO, Emitting & Capturing Businesses Means of Transportation CO, Users
Thermal Power Plants (Including Biomass) Ironworks (CR Blast Furnace)
Cement Factories L Chemical Plants (CR Products)
Ironworks (Blast Furnaces etc.) Pipeline Cement Factories (CR Cement)
Petrochemical Plants CO, Liquefied Tank Truck Concrete Plants (CR Concrete)
LNG Liquefaction Plants Ship Bio-Industries (Bio-Refinery)
Waste Incineration Facilities Gas Companies (Synthetic Methane)
(DAC) etc. Agriculture & Food (Direct Use) etc.

—F

Recover CO, emitted from industrial activities

co,
Emission Then;::lnfsower Cement Blast Furnaces Petrochemicals
Sources
Petroleum/Natural Gas IGCC At o . e
m eric mospneric Atmospheric
Pressure Atmospheric Pressure 2.5-4.0MPa Pr:::ure" Pressure Presgure -1.0MPa
CO, Concentration 4-14% 40-50% 20% 22% 30-50%

Recover from
the atmosphere

LNG Liquefaction

DAC

i 4 >. ~<§Q.w "i
eanolh
s ==l
From Climeworks' Website

Atmospheric
Pressure

0.04% 38
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Necessity of Optimal CO, Transportation Method Selection

In industrial collaboration for CR, CO, transportation methods such as pipelines, tank lorries, and ships exist, but the
optimal tool must be selected according to the manner of collaboration (distance and transport volume).

N
”

High transport
volume

Pipelines (liquid/gas)

-_— e

(Advantages)
* Capable of continuously transporting large quantities
» Cost advantage exists when transporting large quantities.

(Disadvantages)

» Securing the installation location is a major issue.

* When transported as a liquid, it may be treated as a high-
pressure gas.

* Long period of time is required to ensure profitability.

» Safety management methods must be established as fluid
characteristics and harmfulness are different from natural

\\gas_ /

S SR G B BN S s ,
T,

|
|

(Advantages)

1+ High flexibility of supply destination and
volume

« Initial investment can be suppressed.

m > B

d pressure
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[

!

- - '(Disadvantages) e —

(I |q u Id ) I+ Cost increases to liquefy CO.,.
|+ It may be treated as a high-pressure gas, incurring

Low transport , compliance costs to regulations.
volume .. . . - . .. .. — -«Efficiency decreases in relation to transport distance.

|
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Short distance Long distance

*Concepts shown by the Agency for Natural Resources and Energy based on "Sorting out future discussion points for the commercialization of CCS (January
2022)" p7; G. A. Fimbres Weihs, K. Kumara, and D. E. Wiley (2014), "Understanding the Economic Feasibility of Ship Transport of CO2 within the CCS Chain",
Energy Procedia, 63. 2630-37. 39



“R&D and Demonstration Base for Carbon Recycling”
at Osaki-Kamijima Island in Hiroshima Prefecture

At Osaki-Kamijima Island in Hiroshima Prefecture, by providing research support to concentrate on
the technological development and demonstration of carbon recycling using CO, captured in the
Osaki Coolgen Project, the acceleration of technological development towards practical use is achieved.

Hiroshima

Osaki Coolgen Prefe;ture
H H - [ B U
(inside Osaki Fax

Power Plant) _gma >
\ .

Coal gasification ﬁfacility CO, separation and recovery facility

fn
17 % #Takehara Port
gg.;f;!;g s AKitsu Port

Tarumi Port
B lAKE

0Bk E
Shiromizu Port

=
' ’d ’I g—: /E ‘el 1 =
' aike » LIS . » 0B, s O

) NEDO AL

https://osakikamijima-carbon-recycling.nedo.go.jp/ 40
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What is Carbon Recycling Technology?

o Carbon recycling technology involves viewing CO: as a valuable material (resource), sequestrating and collecting it, and reusing it
for things like concrete through mineralization, chemicals through artificial photosynthesis and fuels through methanation. By doing
so, it controls the emission of CO: into the atmosphere compared to the traditional method of using fossil fuels, contributing to the
realization of a carbon-neutral society.

Flue Gas EOR*" 21 EOR : Enhanced Oil Recovery
[ ot ’ J Storage

Direct Use (welding, dry ice, etc.)

" Carbon Recycling
Utilization J_

Direct utilization of
flue gas

| sequestration an \ - .
collection of CO. fro ( Core Substances Thermochemical (catalysts, etc.)
flue gas : Photochemical (photocatalysts, etc.)
I frjr):ln(t:lggﬁ gilsz Electrochemical (electrochemical reduction, etc.)
Capture [ Transport ] Methanol, ethanol, etc. Blomgss productlon (microorganisms, etc.)
/| Combinations of the above

Chemical absorption / physical absorption /
membrane sequestration, etc.

DAC (Direct Air Capture) ) General materials (olefins, BTX*2, etc.)
co t(ra:1I;eco 5 (I\.;eh?(ge:rei . Chemicals ] Oxygenated compounds (polycarbonate, urethane, etc.)
ate ; P /PIP 2R - Biomass production, bio-derived chemicals

22 Benzene, Toluene, Xylenes
Common Technologies S :
Liquid fuel @ (synthetic fuels (e-fuel, methanol))

== Fuels ] - Liquid fuel @ (biofuels (SAF*3)

4 N L i
CO: free hydrogen (-3as fuel_(synthgtl_c methane, LP gas, etc.)
. Water electrolysis %3 Sustainable Aviation Fuel
- Fossil fuelreforming 3 S
" Sl / Minerals - Concrete, cement, carbonates, carbon, carbides, etc.
\ 7
Renewable energy | - \
. Others - Blue carbon/marine biomass, food, plant utilization, etc.
Related Technologies \ )




Common Technology (CO: Sequestration and Recovery Technology)

Current Issues

<Technical Issues>

(Development for Cost Reduction)

- Reducing equipment and operational costs and the
energy required

- Development of new materials (absorbents, adsorbents,
sequestration membranes) (improving selectivity,
capacity, durability)

- Lowering the production cost of raw materials

- Optimization of the process (heat, substances, power,
etc.)

- Selection of the sequestration and recovery method
depending on the source of CO. emissions and its
usage

[Current recovery cost]

Coal-fired power generation exhaust gas (low-pressure
gas) + Chemical absorption method cost

For example: approximately ¥6,000 per t-CO.. (in the case
of additional installation to existing coal-fired power
plants), required energy: about 2.5GJ per t-CO.

(Establishment of a standard evaluation
method for technologies)

- Making explicit the methods of energy consumption and
cost evaluation, and establishing an evaluation base

< Other Issues >

- Building a CO. sequestration and recovery system that
fits carbon recycling that links the source of CO.
generation with demand and supply (co-production)

- Cooperation with technologies that actively utilize
recovered CO. as chemicals, fuels, minerals, etc.

- CO: supply and demand adjustment and operation
functions

- Development of transportation and storage technologies,
safety evaluation of supercritical CO-

- Reduction of transportation costs (mass transportation,
liquefaction technology)

Efforts & Targets
from 2030
to 2050

recovery systems

Efforts Toward 2030

<Specific Efforts>
(Technological development and demonstration testing

for cost reduction)
- Development of CO. sequestration and recovery technology due to
differences in pressure and concentration(Material development,

process optimization/efficiency improvement, cost reduction) (For low-

pressure gas)

- Solid absorption, chemical absorption, physical adsorption, membrane

sequestration, electric field method, etc. (application examples:

combustion exhaust gas, blast furnace gas) (For high-pressure gas)

- Physical absorption method (application example: IGCC pre-
combustion recovery)

- Membrane sequestration method (application example: IGCC pre-
combustion recovery, natural gas purification)

< Other Efforts >

- CO. transportation/storage technology development/demonstration

- Consideration of CO. sequestration/recovery and transportation
system consistent with CCS business environment

- Considering a business model suitable for sequestration/recovery

technology and application based on CO. emission sources, support

for rule formation

- Grasping related standardization trends centered on ISO TC265
(Carbon Dioxide Capture, Transport, and Storage)

» Collection of information on forming emission reduction count rules

I <Green Innovation (Gl) Fund>
1 Development of CO: sequestration and recovery technology
I (DDevelopment and demonstration of large-scale CO: sequestration and

recovery technology from natural gas power generation exhaust gas
@Development and demonstration of small and medium-sized CO:
sequestration and recovery technology from factory exhaust gas, etc.
(@Establishment of a common platform for standard evaluation of CO:

recovering CO. from low-pressure and low-concentration gases with a
CO: concentration of less than 10%, enhancing Japan's international
competitiveness in the carbon recycling market in addition to expanding

|
|
|
|
|
: sequestration materials - Establishing a technology for separating and
|
|
|
|
|

the CO: sequestration and recovery equipment and material business.

< Technology Objectives >

- Technological innovation aiming at 1,000 JPY/t-CO.
- Improvement of durability and reliability, and miniaturization of CO. sequestration and

- Optimization of CO:. sequestration and recovery systems according to the operation of CO:

emission sources and application sites

Goals for 2030

< Technology Objectives >
(Development aimed at cost reduction)
(For low-pressure gas)
<Combustion exhaust gas, blast furnace gas, etc.,
concentration of several % ~, approximately atmospheric
pressure>
-Around 2,000 JPY/t-CO. [GI] Fund]
-Required energy: 1.5GJ/t-CO.
-Chemical absorption method, solid absorption method,
physical adsorption method, membrane sequestration
method, etc.
(For high-pressure gas)
< Chemical processes, fuel gases, etc., concentration of
several tens %, several MPa>
-Around 1,000 JPY/t-CO.
-Required energy: 0.5GJ/t-CO.
-Physical absorption method, membrane sequestration
method, etc.

(Construction of CO. sequestration and recovery system
)

- Construction of a system for CO. sequestration and recovery
that is energy-saving and low-cost, suitable for CO. emission
sources and applications

- Achievement of 10,000 hours of continuous operation
(demonstration of durability and reliability)

< Other Efforts >

- Building of a social system considering the combination of CO.
sequestration and recovery technology suitable for CO.
emission sources and applications, and appropriate CO. purity

- Establishment of energy-saving, low-cost means of CO.
transportation and storage

-Liquefaction (cooling, compression), storage (containers,

tanks), transportation (vehicles, pipelines, ships, etc.)

< Establishment of standard evaluation technology for

sequestration materials >

- Achievement of accelerated material development through the
establishment of evaluation protocols [Gl Fund]

< Challenges for Widespread Adoption>
- Full-scale dissemination of CO. sequestration, recovery and

transportation systems
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Common Technology (DAC: Direct Air Capture)

Current Challenges

<Technical Issues>
(Building DAC System)

- Development of contact technology (Air contactor) between
absorbent/adsorbent/membrane and air

- Development of decentralized (miniaturized) systems

- Development of large-scale (high efficiency) models
[Current Recovery Cost]

30,000-60,000 JPY/t-CO.

X There are no examples of large-scale demonstrations, and costs
vary greatly depending on the application system, technology, and
scale.

(Development for Cost Reduction)
X Reprinted part from separate page [Common Technology (CO:

sequestration and Recovery Technology)]

- Reduction of equipment and operating costs and energy required

- Development of new materials (absorbents, adsorbents,
sequestration membranes) (improvement of selectivity, capacity,
durability)

- Reduction of the production cost of base materials

- Optimization of processes (heat, substances, power, etc.)

< Other Issues>

- Development of technologies for improving recovery efficiency,
reducing energy required, etc., as an advanced form of CO.
sequestration and recovery

- Development in conjunction with the use of non-fossil power sources
such as renewable energy, and methods for storing and using
recovered CO:

- Selection of installation location (optimal climate for recovery,
proximity to energy sources and reuse sites)

- Clarification of energy consumption and cost evaluation methods,
and establishment of evaluation basis

Efforts & Targets
from 2030
to 2050

Efforts towards 2030

< Specific Measures >

(Technology Development: Moonshot-type
Research and Development Project)

- Development of chemical absorption, physical
adsorption, solid absorption, and membrane
sequestration methods

- Building of DAC process

-Development of new absorbents, solid absorbents
-Development of new sequestration membranes
-Optimization and efficiency improvement of
processes (heat, substances, power, energy, etc.)
-Cost reduction (equipment, operation)

- Scale-up considerations

-Development of CO. sublimation recovery process
-Development of steam regeneration DAC system
-Development of honeycomb rotary DAC
(optimization of honeycomb substrate)

< Other Measures >
- Construction of LCA evaluation model

<DAC Commercialization>

- Achieve 2,000 JPY/t-CO: (by 2050)

- Improvement of durability and reliability of DAC system
- Full-scale dissemination of DAC systems

2030 Objectives

<Technology Objectives >
(Building DAC System)

- Achieve CO. sequestration and recovery costs that are

competitive in the 2030s market

- [Target Example]

-10,000 JPY/t-CO-, ICEF roadmap
-10,000 JPY/t-CO-, values announced by companies as
prices in 2025 or 2030

- Realize energy-saving, low-cost systems for CO.

sequestration and recovery

<Other>

- Verification at the pilot scale that it is effective from the

perspective of LCA
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Core Material Production Tech nology (Synthesis Gas from Carbon Monoxide and Hydrogen)

Current Challenges

< Current Technical Issues>
(Thermochemistry: Catalysts etc.)

- Improvement of existing processes (Reverse Shift Reaction)

(Photochemistry: Photocatalysts etc.)

(Artificial Photosynthesis: Photocatalysts)

- Catalyst development
-Hydrogen synthesis (Photocatalyst) — Reverse Shift Reaction
-Direct synthesis of CO
Enhancement of conversion efficiency and sequestration of
produced gas
(Electrochemistry: Electrochemical Reduction etc.)
(Electrolytic Reduction)
- Development of high current density compatible catalyst electrodes
(Enhancement of reaction speed)
- Development of high-density catalyst electrode technologies
(Enhancement of current density per unit volume)
- Synthesis gas production by co-electrolysis (Load fluctuation
response, equipment scale)

< Other Challenges >

(Thermochemistry)

- Improvement of steam reforming process (Process, catalyst,
sequestration), thermal decomposition of methane, thermal

decomposition of CO: using solar heat

(Artificial Photosynthesis)

- Design of a practical plant system

» Comparison with current CO production process (derived from
methane)
(Electrolytic Reduction)

- Design of a practical plant system

» Comparison with current CO production process (derived from
methane)

- Securing of inexpensive and large quantities of stable CO.-free
power
(Biosynthesis: Microorganisms etc.)

» Implementation of various R&D initiatives

Efforts & Targets = <Cost>

from 2030
to 2050

» Further reduction in production costs

< Conversion Efficiency (Photochemistry) >
» Further improvement in conversion efficiency

Efforts towards 2030

< Specific Initiatives >
(Thermochemistry: Catalysts etc.)

- Improvement of steam reforming process (Process, catalyst,
sequestration), thermal decomposition of methane, thermal
decomposition of CO: using solar heat
(Photochemistry: Photocatalysts etc.)

- Improvement of solar energy conversion efficiency

(Electrochemistry: Electrochemical Reduction etc.
)

- Development of stacks suitable for large-area and high-
capacity electrodes

- Development and verification of optimized design for
electrolysis devices

- Evaluation and selection of materials usable under
electrolysis operating atmosphere, verification

< Others >

- Development of renewable energy integration system

- Development of hybrid systems (light + electricity etc.)

- Sector coupling: Cooperation between industries such as
combining core materials and introducing carbon recycling
businesses

< Green Innovation (Gl) Fund Projects >

Development of fuel production technology
using CO:, etc.

- Development of technology for improving liquid fuel yield

- Development of technology for improving energy

conversion efficiency in gas fuel production

< Reaction Speed (Current Density) >

2030 Objectives

< Technical Goals>
(Conversion Efficiency (Photochemistry))
- Achievement of a solar energy conversion efficiency of 10%

(Reaction Speed (Current Density) )

- Achievement of a current density of 500mA/cm2 (at room
temperature and pressure, 50% conversion efficiency)
(Electrochemistry) (Note)

(Catalyst)
- Further improvement in durability, cost reduction

(Cost)
- Reduction in production cost

< Others>

- Development of renewable energy integration system

- Development of hybrid systems (light + electricity etc.)

- Sector coupling: Cooperation between industries such as
combining core materials and introducing carbon recycling
businesses

(Note) Calculation for a 100MW plant, operation rate 16.3%, at 2
JPY/kWh

Source of operation rate: From Agency for Natural Resources and
Energy documents

- Achievement of a CO. processing speed of 11t/year/m2 (current density of 1000mA/cm2, at room temperature and

< Reaction Speed (Current Density) >

- Best mix of all reactions and technologies such as thermochemistry, photochemistry, electrochemistry, and biosynthesis.

pressure, 50% electrolysis efficiency) (Electrochemistry) (No©)
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Core Material (Production Technology for Methanol, etc.)

Current Challenges

< Current Technical Issues >
(Thermochemistry: Catalysts etc.)

(Manufacture of Methanol from CO-)

- Development of catalysts for reaction at lower temperatures
(improvement in conversion rate and selectivity)

- Sequestration and removal of water generated by the reaction

- Direct use of low-quality exhaust gases (at research stage)
Countermeasures for catalyst degradation, improvement in durability

(Production of Methanol (or DME*) from Synthetic Gas)
- Improvement in yield in methanol production
- Production control technology for methanol and DME

(Electrochemistry: Electrochemical Reduction etc.)

((Bio-production (Microorganisms etc.))
- Direct synthesis of formic acid and methanol (using protons in water)
- Process improvements in FT* synthesis, etc. (improvement in
reaction speed and efficiency)

< Other Challenges >

(Thermochemistry: Catalysts etc.)

(Manufacture of Methanol from CO.)

- Comparative study with the current practical process (reaction via
synthetic gas)

- Use of CO: in existing methanol production facilities

(Electrochemistry: Electrochemical Reduction etc.)
(Bio-production (Microorganisms etc.))

« Securing cheap and abundant CO.-free power (in the case of

electricity usage) %1 Dimethyl Ether
%2 Fischer Tropsch

Efforts & Targets <Cost>

from 2030
to 2050

Efforts towards 2030

< Specific Initiatives >
(Thermochemistry: Catalysts etc.)

- Production of methanol from CO. of about 90-95%
concentration using low-cost CO:. sequestration
technology by pressure swing adsorption

- Development of H,O membrane sequestration type
reactor capable of efficient methanol synthesis from
CO.

- Development of a low-cost, durable catalyst for
synthesizing methanol from CO.

- Development of a catalyst that can synthesize
methanol from CO. at low temperature and low
pressure

(Electrochemistry: Electrochemical Reduction etc.)
((Bio-production (Microorganisms etc.))

- Demonstration of consistent production of bioethanol
from synthetic gas (originating from waste incineration
plants) using microorganisms (Technology to be
established by 2023: Targeting demonstration at a
scale of 500-1,000 kL/y)

*Including processes that do not require additional

hydrogen

< Green Innovation (Gl) Fund Projects >

Development of plastic raw material production
technology using CO: etc.

- Development of elemental technology for the

- Further reduction in production costs
- Price at the level of methanol synthesis products derived from natural gas

2030 Objectives

< Technical Goals>
(Common)
- Establishment of reaction control technology in large-scale processes
- Development of production technology that responds to fluctuations
in the supply and demand of CO. and H2

(Use of Methanol as Fuel)
- Demonstration of technology to use methanol in real environments
- Mixed use with existing fuels, expansion of mixing ratio

(Manufacture of Methanol from CO.)

- Establishment of a methanol synthesis system, including CO. purity
- Achievement of catalyst performance under conditions expected for
actual operation, such as pressure resistance, heat resistance, etc.

- Achievement of cost reduction for methanol synthesis catalysts
- Development of a catalyst that can synthesize methanol at low
temperature and low pressure

(Cost)
- Lower production cost than existing methanol from CO. raw material

< Others>

- Development of a renewable energy integration system

- Development of hybrid systems (light + electricity, etc.)

- Examination of large-scale methanol supply chains

- Application to existing production systems, ensuring compatibility
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Core Materials

(Methane Chemistry*1 etc. (using waste plastics and methane (CH.) etc. until hydrogen becomes cost-effective as an alternative to CO.))

Current Challenges

< Current Technical Issues>

(Process Improvements)

- Concerning the manufacture of synthesis gas, lower reaction temperatures in
partial oxidation & autothermal reforming (ATR*2) and dry reforming (D)

- Sequestration technology for hydrogen and benzene, etc. from methane under
high temperature conditions

- Methane pyrolysis to obtain CO.-free hydrogen (carbon removal & utilization
technology)

- Efficient methane generation from biogas from agricultural residues, etc.

- Direct synthesis of methanol (@) and ethylene (®) etc. from methane, etc.

- Pre-treatment (impurity removal etc.) in olefin synthesis technology by
depolymerization from waste plastics and waste rubber etc.)

(Catalyst Development)

- Catalyst exploration and durability improvement in synthesis gas production
- Improving conversion and selectivity rates in olefin synthesis from waste
plastics etc.

- Development of catalysts to produce CO.-free hydrogen from methane &

- |
pyrolysis etc.

(Current Process: Naphtha Cracking) [
- CO: emission factor 1.6* kg-CO-/kg (ethylene, propylene) :
- CO: emission factor 2.1* kg-CO:/kg (butadiene) |
*Includes CO: emissions during naphtha production by oil refining :
< Other Issues> [
- Heat management, equipment costs, low-cost oxygen supply :
|

Technology development (use of oxygen co-produced during electrolysis etc.)

*1 Methane Chemistry: A technology that reformulates methane derived from
natural gas into synthesis gas (a mix of carbon monoxide and hydrogen) or
methanol, compounds with a single carbon atom, and uses these as raw
materials to synthesize compounds with two or more carbon atoms or for the
conversion of compounds with a single carbon atom.

*2 Auto Thermal Reaction

< Commercialization>

Efforts towards 2030

< Specific Initiatives >
(Process Improvement)

- Partial oxidation & autothermal reforming (ATR), dry

reforming: lower reaction temperatures
- Pilot study on hydrogen production technology
through methane pyrolysis

(Catalyst Development)
- Catalyst exploration and durability improvement in
synthesis gas production

i < Green Innovation (Gl) Fund Projects >

Development of plastic material production
technology using CO:, etc.

- Development of chemical production technology
from used tires (waste rubber)

- Development of chemical recycling technology
using waste plastic as raw material

Waste

2030 Objectives

< Technical Goals>

(Process Improvement)

- CH.— Synthesis gas reaction temperature below 600°C

(Catalyst: Lifetime of about 8,000 hours)

- Development of a hydrogen sequestration membrane

usable at 600°C

- Manufacture of basic chemicals such as ethylene,

propylene, butadiene etc. from waste plastics and waste
rubber etc. at a yield of 60-80% [Gl target]

(Cost)

- Reduce production cost by 20% (compared to current

chemical recycling plastic)

(CO: Emission Factor)

process (derived from crude oil) in LCA

- Achieving less than the CO. emission factor of the current

plastic
Methane

CO.. Hs ’4

gas
CO. H.

= l\éelflh?)nl-(i)l I'—-> Chemicals
(CH4) etc === Synthesis 3

Ethanol Fuel

C,HsOH

Efforts & Targets - Expansion of production volume through commercialization

from 2030 “Cost>

- Further reduction of production cost

to 2050 < CO: Emission Factor>
- Further reduction
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Chemicals (Production technology of basic chemicals (olefins, BTX, etc.)
incorporating the direct use, recycling, and biomass technology of CO. as a carbon source)

Current Challenges Efforts towards 2030 2030 Objectives

< Current Technical Issues> < Specific Initiatives > <Technical Goals>
(MTO (Methanol to Olefins) —Olefins) (MTO, ETO, Synthesis Gas — Olefins) (MTO—Olefins)
(ETO (Ethanol to Olefins) —Olefins) - Establishment of selective synthesis technology for C2~C5 - Development of innovative MTO catalyst process: Develop a
- Catalyst development (improvement in conversion and selectivity rates) ; :
Exiigies: - Further improvement in yield and control of selectivity catalyst capable of producing the desired ethylene or propylene at a
- Controlling the generation ratio of plastic raw materials (C2 Ethylene, C3 - Establishment of mass production and low-cost technology high yield. Also, enable continuous production for over 10,000

Propylene, C4 Butene, etc.) hours [GI] Goal]

- Controlling the generation ratio of rubber raw materials (C4 Butadiene, C5
Isoprene, etc.) - Establishment of olefin distillation and sequestration process

» Countermeasures against catalyst degradation (control of carbon deposition)

for catalysts

(MTA—BTX)

- Realization of commercialization

- (MTA—BTX)
(MTA (Methanol to Aromatics) —BTX)
- Catalyst development (improvement in conversion and selectivity rates) - Further improvement in yield, selectivity control, and (CO,—Olefins)
Examples: durability

-Controlling the generation ratio of benzene, toluene, and xylene - a. Efficient alcohol production from CO:: Complete a high-efficiency

» Mass production technology for catalysts (effects of raw materials, shape, size, " Esianisreentaiprocesiharvieyvioeommensaliplaat

synthesis method for alcohols using CO: as a raw material by

etc.) developing a new, highly efficient catalyst. By combining the
+ Longevity of catalysts (CO:—Olefins) catalyst with a newly developed internal condensation type reactor,
« Countermeasures against catalyst poisoning . . . . significantly improve yield [GI Goal]
. Appropriate process consideration « 2 reactors / 1 reactor « Further improvement in energy conversion efficiency and g y imp y!
generation speed - b. Olefin production from alcohols: Aim to develop a high-efficiency
(Synthesis Gas — Olefins, BTX) « Implementation of actual gas tests production process for C3 and above olefins [Gl Goal]

« Catalyst development (improvement in conversion and selectivity rates)

Examples: (CO.—BTX)

- Controlling the generation ratio of plastic raw materials (C2 (CO.—BTX)
Ethylene, C3 Propylene, C4 Butene, etc.)
- Controlling the generation ratio of BTX (C6 Benzene, C7 Toluene, C8

Xylene) e e e e e e e e e (Cost)

] - Development of BTX synthesis process from CO.
+ Development of BTX synthesis process from CO.

» Suppression of CO:, methane, and heavy oil generation . 2 | . . .
i R : < Green Innovation (Gl) Fund Projects > I - Approximately 20% reduction in production cost (compared to
I . , : I
(CO:—Olefins) | Development of plastic raw material production | current methanol to olefin) [Gl Goal]
- Development of electrochemical reaction technology I technology using CO: :
- Development of electrode catalysts, electrolytes, and reactors : . Development of chemical production technology I (CO: Emission per unit)
+ Development of FT synthesis technology [ - I - Aiming to achieve less than the current process (derived from crude
- Development of synthesis catalysts and reactors I from waste plaStICS and rubber : oil) CO- emissions per unit in LCA
. . 2
: - Development of chemical production technology I
: from alcohols :
\ ializati CO: Emissions per Unit
Efforts & Targets <Comme_rC|aI|zat|o_n> - <CO: P >
- Increase in production volume through commercialization - Aiming to achieve less than half of the current process (derived from
from 2030 “Coat>

crude oil) CO: emissions per unit in LCA
to 2050 - Further reduction in production cost 49



Chem icaIS (Production technology for specialty chemicals (oxygenated compounds))

Efforts towards 2030

< Specific Initiatives >
(Polycarbonate, Polyurethane)

- Optimization of reaction conditions, improvement
of main reaction yield, consideration of
continuous process optimization

- Reduction of dehydration agent regeneration
heat consumption by optimizing reaction
conditions such as consideration of dehydration
agent, consideration of catalyst, reduction of
solvent usage

- Catalyst improvement for increasing CO.
reaction speed

- Development of scale-up process

Current Challenges

< Current Technical Issues>

(Polycarbonate, Polyurethane)

- Further reduction of CO:. emissions through direct synthesis
from CO:

- Development of a synthesis method that replaces highly
toxic raw materials like phosgene and ethylene oxide with
CO. to reduce CO. emissions

- Establishment of mass production and low-cost technology

- CO: emissions during phosgene production used in the
production process of polycarbonate and polyurethane in
conventional production methods: 1.0 kg-CO:/kg

(Process technology (acrylic acid synthesis, etc.))

- Catalyst development (improving conversion rate and
selectivity)

- Reduction of CO. emissions from reaction partners (use of

biomass, waste plastic, etc.) :
; <Green Innovation (Gl) Fund Projects >

! Development of plastic raw material
production technology using CO., etc.

- Development of specialty chemical production
technology from CO.

< Other Issues >

- Consideration of CO. storage by chemicals (oxalic acid,
etc.)

- Consideration of processes to fix CO: into organic acids and

fats using microorganisms

(Reference) Compounds included in oxygenated compounds:
Acrylic acid, ethanol, ethylene glycol, salicylic acid, acetic acid and
acetic acid ester, oxalic acid, polyamide, polyurethane, polyester,
polycarbonate, etc. (in alphabetical order)

<Commercialization>

Efforts & Targets - Increase in production volume through commercialization
<Cost>
from 2030 - Further reduction in production cost
to 2050 < CO: Emissions per Unit>

- Achieving less than half of the current process (derived from crude oil) CO. emissions per unit in LCA

2030 Objectives

< Technical Goals>
(Cost)

- Aiming for the same price as existing products
(Polycarbonate, Polyurethane)

(CO: emissions per unit)

- Achieving less than the current process CO:.
emissions per unit in LCA

- By improving the functionality of polycarbonate and
polyurethane, eliminating the need for toxic raw
materials like phosgene, reducing the CO: emissions
during the production of toxic raw materials, and
further realizing a technology that can make more
than 0.3kgCO:/kg into raw materials (*Varies
depending on the target) [Gl goal]

<Others>
- Establishing a process with a view to commercial
plants
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Chemicals (Bio-Manufacturing)

Current Challenges

< Current Technical Issues>

(Raw Material Procurement and Pretreatment Technology)

- Securing raw materials domestically
[Raw material procurement from overseas]
- Issues with stable procurement, GHG emissions during transport,
and transport costs
- Tariffs on raw materials like sugar make domestic production more
expensive than overseas, hindering business promotion in Japan [
Raw material procurement in Japan]
-Development of pretreatment
productionCO. produced nationwide
-Cost reduction is an issue

technology for collecting,

(Microbial Modification Technology)

- Advancement of the technologies of microbial design platform
providers who develop and design microorganisms, etc., while
running the DBTL* process

*DBTL: Cycle of Design-Build-Test-Learn
» Promotion of collaboration between businesses

(Cultivation, Refinemnet, Processing)

- In the production stage using microorganisms, investment in large,
expensive equipment is necessary

- Advanced fermentation technology that can handle mass production,
which is different from lab level

- Low-cost, high-efficiency sequestration and processing technologies for
biomass such as cellulose, process improvements using catalysts, and
enhancements

[Current production cost]

- For the time being, the cost is high compared to existing products,
and cost reduction is an issue

< Other Issues>

- Shortage of technical personnel
- Consumer needs and acceptance
- Standardization, etc.

Efforts & Targets
from 2030
to 2050

Efforts towards 2030

< Specific Initiatives >

(Establishment of technology and social implementation
through R&D investment)

Consistent support for the value chain of bio-production
from the collection and resource utilization of unused
resources to the advancement of microbial design
platforms, strain development, scale-up, processing, and
production demonstration and social implementation
Development and social implementation of innovative
production and productization technologies for cellulose
nanofibers, etc.

Development of technology to manufacture butadiene, etc.

from biomass

(Measures against challenges)

Market creation through regulations and public procurement
Establishment of LCA certification methods, etc.

Product display and creditization of added value
Cooperation with municipalities and consumers for waste
collection

|
|
|
|
|
L

< Green Innovation (Gl) Fund Projects >

Promotion of carbon recycling using CO: as a direct raw
material through bio-manufacturing technology

- Aiming at bio-manufacturing using hydrogen bacteria and other
CO: as direct raw materials, we promote (Dthe advancement of
microbial design platform technology, @the development and
improvement of microorganisms, and Qthe development and
demonstration of manufacturing technology by microorganisms.
Through this, we aim to shorten the useful microorganism

development period to 1/10 of the business start year, develop
commercial strains that can produce substances from CO-, and
reduce the manufacturing cost of products to less than 1.2 times

<Innovative GX Technology Creation Project>

- Promotion of innovative technology development for bio-
manufacturing related to microorganisms, plants (development of
new metabolic pathways, development of DNA synthesis/genome
editing technology)

< Commercialization, Cost Reduction, Market Expansion>
- Expansion of the types and functions of chemicals that can be produced on a commercial basis
- Practical application of bio-manufacturing using atmospheric CO. as a raw material

- Commercial-based chemical production utilizing timber, waste
<Domestic Market Conversion & Acquisition of Overseas Markets based on International Rules>

2030 Objectives

< Technical Goals>
(Bio-manufacturing directly using CO. as a raw material)

» Shorten the useful microorganism development period to 1/10 of
the business start year [Gl target]

- Develop commercial strains that can produce substances from CO.
[Gl target]

» Reduce the production cost of products to less than 1.2 times that

of alternative products [Gl target]

(Bio-manufacturing using unused resources other than CO:)
¥ Target around 2030
- Establishment of technology to achieve price levels equal to or less
than foreign biomass raw materials
- Construction of supply chains that can distribute, collect, and raw
materialize in the market
» Reduce the production cost of products to less than 1.2 times that

of alternative products

(Manufacture of chemical products from biomass)
« Productization of cellulose nanofibers
- Establishment of basic chemical production technology derived from

biomass

<Others>
» Realization of the world's most advanced bioeconomy society
(Several trillion JPY market size by 2030 out of 92 trillion JPY)

« Introduction of approximately 2 million tons of biomass plastic
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Fuel (Technology for producing liquid fuel @D * Synthetic fuel (e.g., e-fuel))
Current Challenges Efforts towards 2030 2030 Objectives

< Current Technical Issues> <Specific Initiatives > < Technical Goals>

(Cost Reduction) (Cost Reduction) (Cost Reduction)
- Improvement in production efficiency and establishment of large-scale - Implementation of production demonstrations aiming for early
producing technology without waiting for the reduction in hydrogen cost. supply using existing technologies (reverse shift reaction + FT
[Production cost of synthetic fuel] synthesis process, MTG (Methanol to Gasoline), etc.).
+ Approximately 300 to 700 JPY/L (Establishment of Production Technology)
(Source) Interim Summary of Synthetic Fuel Study Group (April 2021, - Development of innovative production technologies (e.g., CO. (Establishment of Production Technology)

Szgt:etl':_ F:el SttUd;’ lfm:p)t' — electrolysis, co-electrolysis, direct synthesis (Direct-FT)).
stablishment of Production Technology

Others : : i ;
- Development of innovative production technology that consistently (Discussi)on EE NN S A wide range of liquid fuel products using CO: and renewable

for Promoting Introduction of Synthetic Fuel (e-fuel)".

- Achieving a liquid fuel yield of 80% at pilot scale (assuming
a scale of 300BPD) [GI Fund] (by 2028)

Establishment of consistent production technology for a

produces synthetic fuel in a synthesis reaction with hydrogen using
captured CO..

energy-derived hydrogen as raw materials and utilizing FT

synthesis [GI Fund].

. e o : : Fem e e e e e e e e e - ———————— - i
Revision of existing technologies for efficiency and development of <Green Innovation (GI) Fund Projects>

Fuel Production Technology Development Project Using CO:, etc.

» While there are records of upgrading operation specialized in diesel oil, (®Development of technology related to improving liquid fuel
there are no records for various oil types and diverse product production, yield/Development of high-efficiency liquid fuel production
hence optimizing conditions. technology using syr'1thet|c reactions frorp CO.. o

- Development of production technology for a wide range of liquid fuel
products utilizing FT synthesis, with CO. and renewable energy-derived

< Other Issues> hydrogen as raw materials, aiming for carbon neutrality in aviation,

- Establishment of international recognition that synthetic fuel is a maritime, and mobility fields.

Significant improvement in liquid fuel yield by enhancing performance of

individual processes and applying recycling technology to reduce

consumption of raw materials (H2 & CO:) which account for most of

- Efficient R&D for societal implementation in cooperation with other GlI synthetic fuel cost.
fund projects from the perspective of securing stable raw materials, - Start production in 2025 and establish scale-up technology by verifying
including hydrogen-related and CO. sequestration and recovery. technology at pilot plants by 2028, leading to the establishment of
commercial-scale technology.

@Development of technology related to improving the efficiency of

synthetic fuel use in passenger cars and heavy-duty vehicles,

« Quality verification to establish fuel reliability. and improving contradictory phenomena.

- Business model construction including sales methods. - Basic research and development of utilization demonstration technology

for efficient use of fuel, including advanced combustion technology and

exhaust gas treatment technology.

- Evolution of fuel utilization technology tailored to the product properties
commercialization and increased introduction of synthetic fuel (e-fuel). of synthetic fuel.

innovative production technologies including catalysts. Advancement of electrolytic synthelic gas/ production

technology.

Enhancement by next-generation FT catalysts.

Scale-up to commercial scale plant based on productino

operation verification at pilot scale (semi-plant).

decarbonizing fuel.
« Clarification of environmental value (CO: reduction effect).

(Establishment of Fuel Utilization Technology)

Establishment of foundational technology to halve CO.
emissions at fuel utilization stage (passenger cars) and

internal combustion engine technology with net thermal

- Composition and participation in domestic and international projects
aiming for early supply of synthetic fuel (e-fuel).

efficiency (peak) above 55% (heavy-duty vehicles) [GI
Fund].

- Establishment of international standards.

- International cooperation on promoting the use of synthetic fuel (e-fuel).
- Consideration towards expanding biofuel in the transition period to

< Commercialization of Synthetic Fuel>

- Aiming for commercialization by the early 2030s. Continuously making efforts to further accelerate.
Efforts & Ta rgets Establishing technology ahead of the world.
from 2030 Capturing the global market.

to 2050 <cost>

- Realizing cost equivalent to existing products by 2050 (Approximately 100-150 JPY/L: Gasoline) 52



Fuel (Liquid Fuel Production Technology @ Biofuel (SAF))

Current Challenges

< Current Technical Issues>
(Scaling up culture)

- Successful microalgae cultivation in a 10,000m? outdoor test

plant overseas, but need for further scale-up

(Culture methods and conditions)
- Standardization of optimal culture methods and conditions
such as environmental conditions (light, temperature,

nutrients etc.), equipment operation conditions (water depth,

aeration volume etc.), and prevention of foreign matter
contamination

(Harvesting and drying technology)
- Establishment of efficient and inexpensive algae harvesting
and drying technology

(Utilization of co-products)
- Reduction of fuel production costs through the use of co-
products

(Environmental impact reduction)
- Reduction of greenhouse gas emissions and improvement
of fossil energy balance etc.

< Other Issues>
= Utilization of CO.-derived fuels for CORSIA certification

Efforts towards 2030

< Specific Initiatives >

(Efforts towards cost reduction)

- Building a microalgae culture demonstration facility of

about 50,000m?2, and demonstrations for stable mass
cultivation, and efficient, low-cost harvesting and
drying of algae (overseas deployment in progress).
Promoting the establishment of optimal standard
culture methods and conditions at domestic research
bases to address common issues in
commercialization.

- Promoting technical research for cost reduction of

SAF production by utilizing various co-products
generated when producing neat SAF from microalgae
(naphtha/others, bio-chemicals, health foods, residues
after algal oil extraction etc.)

- To contribute to carbon neutrality, high-precision

estimates are being made on greenhouse gas
emission reduction effects and energy balance based
on CORSIA standards.

< Other Issues >
- Organization towards obtaining new CORSIA

certification after complying with ASTM (D7566)

- Selection and breeding of microalgae species

focusing on SAF production and efficiency of carbon
dioxide absorption (including genome editing)

- Further expansion of microalgae production technology on a commercial scale

- Contributing to the realization of carbon neutrality in the aviation sector by 2050

Efforts & Targets < Technical Goals>
from 2030 <lIssues for Popularization>
to 2050

2030 Objectives

< Technical Goals> %

(Scaling up culture)

- Realization of stable cultivation at production scale that can

complement domestic SAF demand
(Culture methods and conditions)

- Improvement of culture efficiency and cost reduction of

culture systems through consideration of optimal culture
methods and conditions
(Harvesting and drying technology)

- Establishment of excellent harvesting and drying

technology at the production scale that can complement
domestic SAF demand, based on TEA & LCA

< Other Goals>
- Adding value and generating profits from co-products

generated during SAF production (naphtha/others, bio-
chemicals, health foods, residues after algal oil extraction
etc.)

- Introduction of domestic CORSIA certification scheme

(SCS) that is knowledgeable about microalgae and
domestic SAF technology

- Setting a target to replace 10% of aircraft fuel usage with

SAF by 2030

% From the 2020-2021 Fiscal Year Achievement Report Bio-jet fuel

production technology development project/Technology trend
survey/Establishment of a technology roadmap for the practical

application of bio-jet fuel by microalgae technology (NEDO)
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Fuel (Gas Fuel (Synthetic Methane, LP Gas) Production Technology)

Current Challenges

< Current Technical Issues>
(Existing Technology: Sabatier Reaction)

- Improvement of overall energy conversion efficiency
(currently about 50%)

- Heat management of the reaction

- Development and practical application of large-scale
production technology / cost reduction
(Innovative Technology)

- Development of cells needed for high-temperature
electrolysis / water electrolysis

- Durability and reaction control improvement of methane
synthesis catalysts

- Building a system to conduct a series of reactions at high
temperatures

- Improvement of the overall energy conversion efficiency in
the process of synthetic methane production

- Development and practical application of large-scale
production technology / cost reduction

- Catalyst-based green LP gas synthesis technology
(improvement of efficiency, mass production, process
optimization, etc.)

< Other Issues>

- Examination and arrangement of necessary systems and
mechanisms (such as certification and transfer of
environmental value) for introduction

- Adjustment for the establishment of international and

domestic rules regarding CO. emissions during combustion

- Examination of various forms of support for practical
application and cost reduction

Efforts & Targets
from 2030
to 2050

< Technical Goals>

- Realize a large-scale production technology of 10,000Nm?h or more for innovative methanation by the 2040s
<Introduction Goals & Cost Goals>
- By 2050, blend 90% synthetic methane into existing infrastructure and aim for a cost level equivalent to the LNG price (about 50 JPY)

Efforts towards 2030

< Specific Initiatives >
(Existing Technology: Sabatier Reaction)

- Demonstration of synthetic methane production utilizing CO.
captured in natural gas fields (400Nm?3/h)

- Commercial scale demonstration utilizing CO. from waste
treatment plant emissions (125Nm?3/h)

- Development of basic technologies for demonstrating
practical application scale of city gas introduction using CO.
from coal-fired power plant emissions (60,000Nm?3/h)

- FS survey to consider exporting synthetic methane (e-
methane) manufactured in the United States and Australia

o BN GO JADAD B2 QDO s 7 i st i i

(Innovative Technology : Green Innovation (Gl) Fund
Projects)
Fuel production technology development project using
CO., etc.
(Synthetic Methane)
» Methanation using SOEC*1/Methane synthesis reaction
« Methanation using water electrolysis/low temperature
Sabatier reaction
+ Methanation using PEM*2
(Green LP Gas)
» Development of basic technologies such as high-
yield catalysts
« Establishment of operating methods for large-scale
plants capable of commercialization

< Other Issues>

- Consideration of the direction of rules related to synthetic
methane introduction, support methods, and CO. counting
rules during synthetic methane combustion, etc. in the
Methanation Promotion Public-Private Consultation Council
and others

- Consideration of roadmap making by the LP gas industry for

social implementation in the Green LP Gas Promotion Public-

Private Discussion

2030 Objectives

< Technical Goals>

(Existing Technology: Sabatier Reaction)
+ Realization of large-scale commercial scale (10,000Nm?3/h)
+ Cost reduction to 120 JPY/Nm?3

(Innovative Technology)
(Synthetic Methane)

- Establishment of a technical level that envisages an overall energy
conversion efficiency of 80% for synthetic methane production [GI
Target]

+ (Green LP Gas)

- Establishment of Green LP gas synthesis technology with a yield of
50% [GI Target]

» Commercialization by producing more than 1,000 tons of Green LP

gas annually [Gl Target]

< Other Issues>

- Start of synthetic methane transport from overseas to Japan
+ 1% injection into existing infrastructure

+ Mixed use with existing fuels and expansion of mixing ratio

- Market and application development

21 Solid Oxide Electrolysis Cell (SOEC)
22 Polymer Electrolyte Membrane (PEM))
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Mineral (Concrete, Cement, Carbonate, Carbon, Carbide production technologies)

Current Challenges

< Current Technical Issues>
(Efficient mineralization technologies and CO. reduction
technologies)

- sequestration of Ca and Mg, which serve as raw materials for
mineralization

- Energy-saving pretreatment such as micropowderization and
sequestration of active ingredients to enhance reactivity with CO.
(Dry process)

- Affordable treatment of heavy metals and other waste water (Wet
process)

« Maximizing the amount of CO- fixed during concrete production and
curing

« Controlling CO: emissions during cement production

« Production of carbon and carbides from non-fossil raw materials,
CO: emission control
(Developments towards cost reduction)
[Current cost of production concrete that fixes CO- ]

About 3 to 5 times that of existing concrete

- Development of inexpensive aggregates, mixers, etc., optimization
of mixtures

» Scaling up production

(Others)

- Expansion of applications beyond concrete and cement

- Establishment of high-quality carbonate production process

< Energy required to fix 1 ton of CO. >

« 500kWh/t-CO., (using blast furnace slag, Dry process)

< Other Issues>

- System construction and process optimization from CO. sources to
production and supply (Optimization of CO. fixation amount and
economics)

- Expansion of applications and economic verification (Development
and demonstration of utilization technologies, etc.)

- Long-term performance evaluation as civil engineering and building
materials, development of standards and guidelines

- Securing carbon materials with reduced use of coke in ironmaking

- Building a disposal system for Ca-containing waste

Efforts & Targets
from 2030
to 2050

< Technical Goals>

Efforts towards 2030

< Specific Initiatives >
(Efficient mineralization technologies and CO. reduction
technologies)

- Development of carbonate technology utilizing alkali sources such as Ca
and Mg contained in industrial waste and by-products (Expansion of raw
materials)

- Optimization of appropriate treatment technologies and procurement
methods, considering the concentration and impurities of CO. supply
sources

- Consideration of material flow during the production process
(Developments towards cost reduction)

» Development of lower-cost production technologies
(Others)

» Development of CO. reduction and carbonization element technologies

- Development of technologies for expanding applications to concrete
aggregates, soil improvement materials, glass raw materials, etc.

< Other Initiatives >

«» Implementation of site demonstrations in construction by the Ministry of
Land, Infrastructure, Transport and Tourism and local governments

+ Raising awareness through events (Expo 2025 Osaka, etc.)

» Pursuit of cost reduction

- Consideration of business models

- Building a promotion system for the use of construction materials
contributing to low carbon and decarbonization in public works

» Consideration of evaluation methods for JIS/ISO maintenance

< Green Innovation (Gl) Fund Projects >
Development of concrete production technologies using CO.
(Concrete sector)
(MDevelopment of "CO. emission reduction & maximum fixation
concrete"
* Development of concrete materials using CO. as a raw material
= Development of lower-cost production and onsite construction
technologies
(@Establishment of evaluation and quality control methods for CO2
contained concrete product
(Cement sector)
(DDevelopment of cement production process that capture and
absorb almost all CO.
(@Establishment of carbonate technology using captured CO. with
various calcium sources

2030 Objectives

< Technical Goals>
(Efficient mineralization technologies and CO. reduction
technologies)

- Development of efficient carbonation methods that increase
the amount and speed of CO. reaction

- Expansion of the application range of concrete products that
fix CO:

- Anti-rust treatment of rebar, development of alternative
materials

- Carbonation of about 10% of steel slag and coal ash

+ Reduction of CO: related to concrete production by 310-
350kg/m3 (including a CO:, fixation amount of 120-
200kg/m3) [GI Goal]

- Fixation of more than 400kg of CO. per ton of carbonate [GI
Goal]

- Recovery of more than 80% of CO:. generated in the
preheater during cement production [Gl Goal]
(Developments towards cost reduction)

- Costs equal to or less than existing products [Gl Goal]

Precast concrete: around 30 JPY/kg
Ready-mixed concrete: around 8 JPY/kg

- Generation cost of carbonate: about 5 times the market price
of limestone [Gl Goal]
(Others)

- Higher added value (carbon fibers, nanocarbons, etc.)

< Energy required to fix 1 ton of CO. >

+ 200kWh/t-CO:, (using blast furnace slag, Dry process)

< Others>
(Concrete sector)

- Establishment of concrete quality control methods and
realization of international standardization [Gl Goal]
(Cement sector)

- Establishment of guidelines for expanding the use of
carbonates [Gl Goal]

- Development of further highly efficient carbonate methods (Carbonation of about 50% of the generation volume of steel slag and coal ash)
<Issues for dissemination>
- Review of various standards and regulations for expanding applications and applying carbon recycling products, etc.
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Reference: Overview of Carbon Recycling

Technology & Products

X1

Current prices of carbon recycling products are based on our survey.
% 2 Prices of existing products are reference values based on statistical data and research results.
% 3 Target value set in the 'CO.-Based Fuel Production Technology Development' project's research and

development & societal implementation directions (8th Industrial Structure Council Gl Project Subcommittee Energy
Structure Transformation Area WG, December 23, 2021).
X 4 Target value in the 'Green Growth Strategy associated with Carbon Neutrality in 2050' (June 2021).

Partially commercialized, innovative processes

Improvement of conversion efficiency &

Core Synthetic Gas, R e : _ _ Further reduction of
Material Meth I et (using light, electricity, etc.) are at the reaction speed, enhancement of catalyst = Reduction of production cost .
areipe San technology development stage. durability, etc. production cost
General-purpose items Partially commercialized (using synthetic gas Improvement of conversion rate & Approx: 180 ?JPY/k-g ' . STl FEeleten 6
(Olefins, BTX, etc.) etc., produced from coal, etc.), others are at selectivity, etc (Domestic selling price of Reduction of production cost _
2 z : the technology development stage. S ethylene) production cost
Partially commercialized (Polycarbonates Further reduction of CO. emissions for
X2
Che- Oxygenated etc.), others are at the technology Polycarbo_na_te . Approx_. 400 _JPY/k_g Cost equivalent to existing SR FEel e 6
el d development stage. Commercialization of other than (Domestic selling price of roducts
micais compounds [Price Example] Approximately same as Polycarbonate (Improvement of polycarbonate) P production cost
existing equivalent products (polycarbonate) conversion rate & selectivity)
Bioproducts, Techno!ogy dgvelopment stage (S_ubsta_mce Low cost & eff.|C|ent. preprocessing About 1.2 times the cost of _
Bio-derived chemicals production using CO. and non-edible biomass| technology, microbial modification = existing products Further cost reduction
10 etc. as raw materials) technology, etc.
A X2
Liquid fuel BTl By E N aIe! Improvement of production rate, low cost e eif IV . . . .
. /demonstration stage . . (Domestic selling price of jet | Reduction of production cost Further cost reduction
(Biofuel (SAF)) [Price Example] SAF 1,600 JPY/L*1 & efficient preprocessing technology, etc. fuel)
Liquid fuel Technology development stage (Synthetic fuel Approx. 170 JPY/L*2 Cost equivalent to existin
Fuel (Synthetic fuel (e-fuel)) Improvement of current processes, (Dofnpestié: selling price of — rodugts (about 100-150g
ue y [Price Example]Synthetic fuel approx. 300-700| system optimization, etc. N9 P P %3
(e-fuel)) JPY/L* gasoline) JPYI/L) *
Gas fuel RS ; i 3 Cost equivalent to existin
: . System optimization, scaling up, high 105 JPY/Nm?3%2 . . q 9
(Synthetic methane, LP | Technology development/demonstration stage B . T e s I p— Reduction of production cost | products (40:50 JPY/Nm3)
gas, etc.) '
Concrete, Cement, Partlal!y commercialized, aiming for cost sequestration of active ingredients that 30-JPY/!<g _ For roadblockg anc_i other |For produ.cts _W|th expanded
s | Genreies, Garien reduction at the technology development stage react with CO:, pulverization, cost (Domestic selling price of products with high applications, cost
o > | [Price Example] Few hundred JPY/kg reduction. etc ' ' Precast concrete for technological maturity, cost equivalent to existing
Carbides (roadblock) il roadblocks) equivalent to existing products products
. Partially commercialized (chemical absorption
Common [CO: sequestration and| method), other methods are at the technology DG UOD i) Below 1,000 JPY/t-CO:
. . (Refer to the slide on common
Tech- Capture development stage Reduction of required energy, etc. - oelunellas (G0 SeswasiElan Below 2,000 JPY/t-CO:
nology (including DAC) [Price Example]Approx. 4,000-6,000 JPY/t- and cgyture tzechgolo ) (DAC)
CO:(chemical absorption method) P 9y
Generally established technology (water
Basic electrolysis, etc.), conducting technology . v 20 JPY/Nm3*4
Material Hydrogen development for cost reduction including other el TERILEHen, Cie. S0 I (Ex plant cost)

methods
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[Reference] Common Technologies
(Explanation of CO: sequestration and Capture and DAC Technologies)

sequestration and
Capture Techniques

Technology Overview

Application Areas

Chemical Absorption
Method

A method that uses the chemical reaction between CO: and liquid for
sequestration and capture.

Power generation, cement, steel, oil refining,
chemical industry, natural gas extraction (for
Physical absorption method)

Physical absorption
method

A method of dissolving CO: in a liquid for sequestration and capture.
Absorption capacity depends on the solubility of CO: in the liquid.

High-pressure power generation, oil refining,
chemical industry, natural gas extraction (for Solid
absorption method)

Solid absorption
method

CO: sequestration and capture technology using solid absorbents.

There are methods that involve absorption by porous materials
impregnated with amines (for low-temperature sequestration), and by solid
agents with CO. absorption ability (for high-temperature sequestration).

Power generation, cement, oil refining, chemical
industry (for Physical adsorption method)

Physical adsorption
method

Adsorption and regeneration operations involving pressure swing or
temperature swing on porous solids such as zeolites and metal
complexes.

Power generation, steel, cement, oil refining,
chemical industry (for Membrane sequestration
method)

Membrane
sequestration
method

A method that uses thin films with sequestration functions such as zeolite
membranes, carbon membranes, and organic membranes, utilizing their
permeability selectivity to separate the target gas (CO:) from the mixed
gases.

High-pressure power generation, oil refining,
chemical industry, natural gas extraction (for DAC
method)

DAC (Direct Air
Capture)

A technique that directly captures low-concentration CO: from the
atmosphere using the above sequestration and capture techniques.

It is an advanced form of CO: sequestration and capture technology and
requires further cost reduction and energy requirement reduction for
practical use.

Capture of extremely low concentration (400ppm)
CO: from the atmosphere etc. (for DAC method)
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[Reference] Reaction Process of CR Fuel

Gasoline
- Y S L 1 R R T T [ vy
SynthetIC FUG' : Reverse Shift Reaction : | FT Synthesis | I Upgrading 1
co : (Production of synthetic gas) | co : (Converaia.of : : - e | Kerosene/Jet fuel
; .. — | efining synthetic
High-efficiency 2 ! | I synthetic gas to de oil into fuel
IS 244 ) crude oil into fue
large-scale : COZ = CO i H, | liquid fuel (synthetic : : products) : Diesel oll
FISCher-TropSCh H2 L ————————————————— : -c-ru-d-e'-c')ﬁ)l_-----_--l L--------------
(FT) synthesis Endothermic reaction Exothermic reaction -
y (Approximately 700-800°C) (Around 300°C) uel ol
S T T S = S 7 T
poe !- Direct Synthesis (Direct-FT Synthesis Reaction) R e ;
(@Direct Synthesis - i 1 Upgrading I Gasoline
(Direct-FT synthesis reaction) Co, I Reverse Shift Reaction FT Synthesm i [ 1 (Refining synthetic :
H : (Convgrs!on af synthetlg I crude oil into fuel :
2 ] C02 - CO gas to Ilc::t:lled feu§:|§;¢,ynthetlc | products) ! N—
Next-generation —_— e detiue
FT synthesis /
o i (o{0) : i .
Sﬁz:;;ctroly&s il 2 | , Co-Electrolysis FT Synthesis Upgrading Diesel oil
H2 | C02 1:|'> CO (Convgrs?on of synthetic_ (Refining synthetic
gas to liquid fue! (synthetic criide oil into fuel
[ H,O > HZ] crude oil)) products) Fuel oll
Modified from the "2nd Public-Private Council Meeting Material for Promoting the Introduction of Synthetic Fuel (e-fuel)"
e-Methanol
(1 e-Methanol, Gasoline Production Process
Renewable Energy H,0
A ; Fuel
r Electrolysis > »  Methanol » e-Methanol —
‘ of water H2 synthesis C H30H \ Methanol-to- Methanol
Exothermic reaction (200-300°C approx.) az;r::':e(sis ) Gaso ine
. Exoth i ti 400-500F°C :
@ e-Methanol, Petroleum Product Production Process rothommiGroncion approx]
Renewable Energy | |.|20 ’
‘ Methanol-to- Gaso line
I\ {/ r === Electrolysis => H Methanol  ___  o_Methanol =y  Gasoline =p Upgrading /
of water 2 synthesis CH3OH (Mt:G)' \ Other
— synthesis trol
Exothermic reaction (200-300°C approx.) Exothermic reaction (400-500F°C approx.) ;:)i;gl‘e;rsn 5 8




Synthetic Methane

Traditional
Methanation
& Methanation using the linked reaction of Solid Oxide Electrolysis Cell (SOEC)*1 and Methane Synthesis
*1 SOEC: Solid Oxide
Electrolysis Cell
¢ Methanation using Water Electrolysis/Low-temperature Sabatier Linked Reaction
Innovative
Methanation

+ Methanation using Proton Exchange Membrane (PEM)*2 “2 PEM: Proton Exchange Membrane
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IV. BliF

VI-4 [Supplement 2] Examples of Inter-industry
Collaboration
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[Supplement 2] Examples of Inter-
industry Collaboration
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International Examples

(D Carbon2Chem Project (Germany)

@ Hydrogen Lab Leuna E-CO: Met (Germany)
3 North-C-Methanol (Belgium)

@ Haru Oni Project (Chile)

® Lululemon and LanzaTech's Fabric Production (USA, India,
Taiwan)

® C2PAT (Carbon2ProductAustria) (Austria)
@ Jupiter 1000 (France)

Altalto (UK)

@ Flue2Chem (UK)

Methanol Production from CO. (USA)

@ Project Air (Sweden)

@ Tata Chemicals (UK)

@ Carmeuse CCU (Belgium)

Domestic (Japanese) Examples

Inter-industry collaboration in Oita

@ Inter-industry collaboration in Soga and Goi, Chiba
Inter-industry collaboration in Tomakomai, Hokkaido

@D Inter-industry collaboration in Kawasaki

Inter-industry collaboration in Shunan, Yamaguchi

CO2 Utilization from flue gas of Waste Inclination Plant in
Saga

@ Ethanol Production by Sekisui Biorefinery

@ Yokohama City CCU Demonstration Project

@ Methanol Production from Waste

@ Methanation Demonstration in Nagaoka

@ Odawara City Carbon Cycle Model Construction
Demonstration Project

@ Methanation Demonstration Test by Asahi Group

@ CO: Reduction Technology by Carbon Recycling Blast
Furnace

@ Development of CO. Capture Cement Production Process
CO: Recycling Plant at Denso Anjo Manufacturing Center
@ Kawasaki Plastic Recycling (KPR)

@0 Polycarbonate using Captured CO-

@D Methionine Production using Captured CO.

@2 Carbon-Negative Concrete using Exhaust Gas from City
Gas Equipment

@) Carbon Recycling Technology for Concrete Industry
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(MCarbon2Chem Project (Germany)

Large-scale Industrial Agglomeration
Type

Participating
Institutions

AkzoNobel (Methanol production)
BASF (Oxymethylene ether production)
Clariant (Catalyst)

Covestro (Polymer production)

Evonik (Higher alcohols production, polyol
production)

FhGUMSICHT (Management)

ISE (Photovoltaic power generation)
Linde (Gas purification, Catalyst)
MPI-CEC (Management)

MPI for Coal Research (Catalyst)
Siemens (Management)

Thyssenkrupp (Steel production,
Management)

Volkswagen (User of synthetic fuel)
ZBT (Hydrogen production)

Overview

1

CO. Emission
Source

Steel production (Thyssenkrupp), waste
treatment facilities, cement plants

CCU Products

Plan to manufacture a variety of products
including ethanol, ammonia, other types of
alcohols, polymers, synthetic fuels [User:
Volkswagen], and fertilizers.

Status

- Project started in 2016, with operations
planned for 2025.

- Construction planning is underway while
examining business feasibility.

- This project utilizes flue gas from the steelmaking
process to produce chemicals, fuels, etc. This flue gas
contains 44% N2, 23% CO, 21% CO2, 10% H:, and 2%
CH,. The plan is to manufacture fuels, chemicals, and
fertilizers such as methanol and ammonia, utilizing green
hydrogen generated by renewable energy.

-From 2020, the project also focuses on CO:. emitted from
waste treatment facilities and cement plants, while
continuing to examine the business feasibility and
implement construction plans.

SPONSORED BY THE

* Federal Ministry
LN of Education
and Researc h

Products

) ( ; thyssenkrupp

© thyssenkrupp AG 2018. All ights reserved




Type

@Hydrogen Lab Leuna E-CO: Met (Germany) [Large-scale Industrial Agglomeration J

Participating
Institutions

Fraunhofer CBP (Methanol Production)
Fraunhofer IWES (Renewable Energy
Control, Electrolyzer Operation)
Sunfire (SOEC¥)

Total Leuna (Refinery)

Total Energies (Methanol Production)

*SOEC: Solid Oxide Electrolysis Cell

Overview

CO. Emission
Source

Refinery (Total Leuna)

CCU Products

Methanol

Status

- The project started in 2021.

- Pilot tests are expected to be completed by
2024.

- Following the above test, the project will be
handed over to Fraunhofer CBP for
business feasibility study.

- The project involves the production of green methanol, a
key substance used in various products, using CO.
emitted from the refinery and H2 produced through solid
oxide electrolysis (SOEC).

- The project commenced in 2021 after a technical feasibility

study conducted during the Hy2Chem project (2020-2021).
- The project is also testing a process to ensure that output
fluctuations in renewable energy do not impact methanol
synthesis.

(Source: Fraunhofer CBP

)
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®@North-C-Methanol (Belgium)

[ Large-scale Industrial Agglomeration Type ]

Participating
Institutions

ArcelorMittal (Steel Production)

Alco Biofuel (Biofuel)

ENGIE (Electrolysis)

Fluxys (Gas Infrastructure)

Mitsubishi Electric (System Management)
North Sea Port (Port)

Oiltanking (Tank Storage Logistics)

PMV (Investment)

POM (East Flanders Development Agency)
Proman (Methanol Production)

Yara (Fertilizer)

Overview

CO. Emission
Source

Steelworks and other industries around the
port (ArcelorMittal, Alco Biofuel, Yara)

CCU Products

Methanol and Ammonia for Fuel & Chemical
Materials, Formic Acid [User: Yara]

Status

- The project started in 2018.

-Demonstration plant is scheduled to operate
in 2024.

- Full-scale operation (300MW electrolysis)
planned for 2028.

- Scale-up (600MW electrolysis) planned for
2030.

* The project aims to produce methanol using green hydrogen
from wind power and CO. captured from local major industries
like ArcelorMittal, Alco Biofuel, and Yara at the North Sea Port
in Belgium, for use as ship fuel and chemical raw materials.
 Currently preparing for the production of 45,000 tons of
methanol annually with a 63MW electrolyzer.

 Plans to scale up to 300MW by 2028 and 600MW by 2030,
aiming to synthesize not only methanol but also other
compounds such as ammonia and formic acid.”

Methanol

44000 tons/y
To be used locally

e

Carbon dioxide
65000 tons/y

To be used locally To be used locally

— () pipeline
e H20 plpeline
H: pipeline
CO: pipeline
e MeOH pipeline
high voltage
grid connection

(Source: North CCU Hub)
0

(o)



@Haru Oni Project (Chile)

[ Small to Medium-Scale Dispersed Type ]

Participating
Institutions

EMPRESAS GASCO (Synthetic Gas
Production)

ENAP (Infrastructure, Logistics)

Enel Green Power (Wind Power, Hydrogen
Production)

ExxonMobil (MTG?)

Global Thermostat (DAC**)

HIF (e-fuel Production)

MAN (Methanol Synthesis)

Porsche (User of produced fuel)
Siemens Energy (Wind Power, Water
Electrolysis)

*DAC: Direct Air Capture
*MTG: Methanol to Gasoline

Overview

- The project aims to produce methanol and e-fuel

CO:. Emission
Source

Atmosphere (DAC)

CCU Products

Methanol, e-fuel (Synthetic Gasoline) [User:

Porsche]

Status

- The concept started in 2016.

- Construction started in September 2021.

- Production is set to begin in December 2022
(750,000L/year methanol, of which
130,000L/year will be gasoline).

- The aim is to produce 55 million L/year of e-
fuel by 2025 and 550 million L/year by 2027.

(synthetic gasoline) from green hydrogen generated by
wind power and CO: captured from the atmosphere.
- The production of e-fuel is set to begin in December 2022.
- The produced e-fuel (synthetic gasoline) is planned to be
exported to Europe via container ships.
- The goal is to produce 350 million L/year by 2027."

(Source: Siemens Energy)
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®Fabric Production by Lululemon and Lanza Tech

(USA, India, Taiwan)

[ Small to Medium-Scale/Distributed Type ]

Participating
Institutions

Century (Polyester production)

Far Eastern New Century (Textiles)
India Glycols (Ethylene glycol synthesis)
Lululemon Athletica (Apparel)
LanzaTech (Ethanol production)

Overview

CO: Emission
Source

Industrial, agricultural, domestic emissions,
and atmospheric capture (Details to be
determined)

CCU Products

Ethanol, Monoethylene Glycol (MEG),
Polyester (raw material for fabric)

[User: Lululemon]

Status

- Successful trial production of yarn and fabric
in 2021.

- Target to achieve a circular ecosystem by
2030.

«In October 2020, Lululemon announced the Impact
Agenda*, one of whose goals is to use LanzaTech's
technology to produce yarn and fabric using CO.
captured from emissions. Through international
collaboration with petrochemical company India Glycols
(India) and textile company Far Eastern New Century
(Taiwan), fabric for clothing was trial produced from
ethanol manufactured by LanzaTech.

(Source: Innovation Textiles article (July 2021)

**Impact Agenda: A strategic goal to use budget only for research that enhances the quality of studies and
ensures results.
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®C2PAT (Carbon2ProductAustria) (Australia) [Smau to Medium-Scale/Distributed Type ]
Participating | Borealis (Plastic production) Overview
Institutions

Lafarge (Cement)
OMYV (Synthetic fuel production)

VERBUND (Renewable power and
hydrogen production)

CO: Emission
Source

Cement Factory (Lafarge)

CCU Products

Synthetic fuel, Plastics

Status

- Currently investigating technological and
economic challenges with a goal of
operational plant by 2030.

- The aim is to manufacture synthetic fuels and plastics using
CO: emissions from cement factories and green hydrogen
derived from renewable energy.

- The target is to make the plant operational by 2030 and
capture almost 100% of the 700,000 tons of CO. emitted
annually from the Lafarge cement factory in Mannersdorf,
Austria.

- The captured CO:: is envisioned to be used by OMV to
produce renewable hydrocarbon fuels (synthetic fuels) and
high-value plastics by Borealis

to drive climate neutrality

PRO
AUSTRIA

(Source: Borealis)
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@Jupiter 1000 (France)

[ Small to Medium-Scale/Distributed Type ]

Participating
Institutions

CEA (Research Institute)

CMA CGM (Logistics, Container Transport)
CNR (Energy Power)

GRT gaz (Gas Pipeline)

KHIMOD (Catalyst, Methanation)

Leroux & Lotz Technologies (Combustion &
Gasification)

Marseille Fos Port (Port)

McPhy (Hydrogen Production)

RTE (Power Transmission)

Teréga (Infrastructure)

Collaboration: Asco Industrie (Steel
production)

Overview

CO. Emission
Source

Steel plant emissions (Asco Industrie)

CCU Products | gy nthetic Methane [User: CMA CGM]

Status - The project started in 2014.

- Construction permits were obtained in 2017.

- Electrolyzers (two types: alkaline and PEM)
and pipelines were completed after February
2020.

- Methanation equipment was completed and
put into operation in June 2022.

- The pilot operation is scheduled to end in

2023.

- The project involves manufacturing synthetic methane using
industrial CO:. and green hydrogen from renewable energy.

- CO: produced from boilers of the neighboring steel plant, Asco
Industrie, is separated and captured by Leroux & Lotz
Technologies and transported via pipeline.

- McPhy's electrolyzer (1MWe) produces about 200m3/h of
hydrogen, which is used to produce 25m?/h of synthetic methane.

- CMA CGM is considering using the synthetic methane as fuel for
their container ships.

- While scale-up plans are being considered after the pilot
operation ends in 2023, the facilities will not be dismantled and
are planned to be used as hydrogen-related testing facilities.

Jupiter 1000 - P2G players working together

The project is the result of the collaboration of 9 French industrial partners oxix JLUpIter
Operators
@!gaz £ Teréea

:~I§I pit¢ : 3 €O, capture
: and storage

co,
CH,

7
tis
Morseille Fos/‘

(Source: Jupiter 1000)
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AltaltO (UK) [ Small to Medium-Scale/Distributed Type ]

Participating | Velocys (FT Synthesis, Synthetic Fuel Overview
Institutions Production)
British Airways (User of Jet fuel (SAF))

- The project aims to take in about 500,000 tons of urban
waste annually (household and office waste including
hard-to-recycle waste plastics), gasify and purify it, and
manufacture synthetic fuel (gasoline, diesel, jet fuel) via
FT synthesis.

-Waste that was previously destined for landfill or
Incineration can be converted into over 60 million liters of
sustainable aviation fuel (SAF) and transport fuel annually,
with potential CO:. reductions of over 80,000 tons per
year.

CO. Emission | Waste (urban garbage)
Source

CCU Products | Synthetic Fuel (Gasoline, Diesel, Jet Fuel)
[User: British Airways]

Status - Project initiated in 2019

- Plan approved by Northeast Lincolnshire
Council in June 2020

- Construction is expected to begin in 2025

- Synthetic fuel production is expected to

start in 2027 . ol B g
- Commercial operations are planned to
begln In 2028 (Source: Global Spec article (September 2019))
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QFlue2Chem (UK)

[ Small to Medium-Scale/Distributed Type ]

Participating
Institutions

SCI (Society of Chemical Industry)

Carbon Clean (CO: Capture)

Croda (Cosmetics)

University of Surrey (Research Institute)
University of Sheffield (Research Institute)
Johnson Matthey (Chemistry)

Confederation of Paper Industries (Papermaking)
Tata Steel (Steel production)

BASF (Chemical products)

P&G (Consumer Goods)

Process Innovation Centre (Government Agency)
Holmen (Papermaking)

UPM Kymmene (Forestry)

Unilever (Daily Goods, Consumer Goods)

Reckitt Benckiser (Daily Goods)

Overview

CO: Emission
Source

Industrial sources such as metal, glass,
paper, chemical production (location,
iIndustry, etc. are undecided)

CCU Products

Alternative products based on capture CO,
for consumer goods

Status

-Unilever has experimentally sold laundry
detergent "OMQO" (China), dishwashing
detergent "Sunlight" (South Africa), and
laundry detergent "Coral+" (Germany).

.2-year plan (2023- ) launched by 15 organizations
iIncluding Unilever, the Society of Chemical Industry (SCI),
and BASF.

- The plan was started with the idea that in order for the UK
to achieve its net zero target by 2050, it needs to stop
using the large amounts of fossil resources it imports for
consumer goods, secure alternative carbon sources within
the region, and build the value chain for that.

- The goal is to build a value chain that captures CO. from
industrial flue gas and manufactures sustainable
alternative carbon sources.

- The target is to reduce CO: by 15 to 20 million tons
annually.

of Paper Industiies
is looking for wider

application in v
its sector. 2

III-_ |°o|°o|°o|°e|°o -
96/%/%/%%) | & | ©

1. It starts with a source of 2. gases 3. carbon dioxide is converted 3b. the components 4. which is manufactured
carbon dioxide, which is are into the components of are madeinto an into formulated cleaning
currently a waste stream, captured, an alkoxyl surfactant, alkoxyl surfactant, products and coatings.

e ST £TO ) SR ST AR S S (R S e ey T S ey D) S SRR AR S e, gy ey S e
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(Source: SCI)
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Methanol Production from CO. (USA)

[ Small to Medium-Scale/Distributed Type ]

Participating
Institutions

Fairway Methanol LLC
(Established by Mitsui & Co., and Celanese)

Overview

CO: Emission
Source

CO: emissions from nearby factories

CCU Products

Methanol

Status

- Methanol production started in 2015
- Facility enhancement in 2021
- Currently, in commercial operation

- The facility was enlarged to manufacture approximately
130,000 tons of methanol annually from approximately
180,000 tons of CO: emitted annually from nearby plants.
The methanol produced is taken by both companies and
sold by Mitsui & Co. in the US.

((Source: Mitsui & Co.)
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iDProject Air (Sweden)

On-site type ]

Participating
Institutions

Perstorp (Chemicals)

Uniper (Hydrogen Production)

Sunfire* (Pressurized Alkaline Electrolyzer)
Johnson Matthey* (Methanol Synthesis)

*Subcontractors

Overview

CO: Emission
Source

Chemical plant (Perstorp)
Use of biogas from residue

CCU Products

Methanol

Status

- Project started in 2019
- Methanol production is expected to start in
2026

- Residue from Perstorp's chemical plant is turned into biogas,

and methanol synthesis is performed using synthetic gas
obtained from further gasification and hydrogen derived from
water electrolysis using wastewater.

- A carbon capture and utilization (CCU) plant will be

constructed in Stenungsund, Sweden, and is scheduled to
start operation in 2026.

- Uniper's water electrolysis equipment, using Sunfire's

pressurized alkaline electrolyzer (30MW), is the world's first
electrolysis plant system for hydrogen production combining
purified wastewater and renewable power.

Production Process Evolution

Situation today

(Source: energypost.eu article (July 2022))
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@2Tata Chemicals (UK)

On-site

type

Participating
Institutions

Tata Chemicals Europe (Chemicals)

Overview

CO. Emission
Source

Combined Heat and Power (CHP) Power
Plant

CCU Products

Sodium Bicarbonate [User: Hospitals]

Status

- Trial operation started in August 2021

- Operation started in June 2022, still in
operation

- Construction plan for the Ecokarb® factory
IS underway

-CO: is separated and recovered from the exhaust gas of the
Combined Heat and Power (CHP) power plant (located in
Northwich, Cheshire, gas-fired, 40MW class), purified, and
used as a raw material for sodium bicarbonate (brand name
Ecokarb®).

- Pentair's Advanced Amine Technology (AAT: a chemical
absorption method based on monoethanolamine (MEA)) is
adopted for CO:. separation and recovery.

-Up to0 40,000 tons of CO: are captured annually.

- A factory for manufacturing Ecokarb® from CO. is planned to
be built adjacent to the CCU plant. Much of the Ecokarb® is
used for hemodialysis to treat patients with kidney disease.

[

(Source: Tata Chemicals Europe)
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@®Carmeuse CCU (Belgium)

[ On-site type ]

Participating
Institutions

Carmeuse (Lime)

Electrochaea (Microorganisms)
Engie (Hydrogen Production)
John Cockerill (Electrolyzer)
Storengy (Methanation Plant)

Overview

CO:. Emission
Source

Lime production (Carmeuse)

CCU Products

Synthetic Methane

Status

- Fundraising application in progress
-Aiming to start operations in 2025

-CO:. generated in the lime manufacturing process
(calcining kiln) and green hydrogen are used to produce
methane through microorganisms.

-A 75MW water electrolysis plant is planned for green
hydrogen production.

- Currently fundraising (applications to the EU Innovation
Fund and IPCEI* are in progress, with a target to start
operations in 2025.

ea
N
.—/ . " N Outlet Gas
rogen /

(Source: Electrochaea)

*Important Project of Common European Interest
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@ Industrial Collaboration in Qita

[ Large-scale Industrial Agglomeration Type

]r

Participating
Institutions

Nippon Steel Kyushu Steel Works
Resonac (Chemicals)

Oita University

Osaka University

Kyoto University

Chiba University

Nagoya University

Hokkaido University

Overview

CO: Emission
Source

Steel mill (Nippon Steel)

CCU Products

Chemicals

Status

- Currently developing technology under the
NEDO GI Fund (2022-2030)

- Developing technology to efficiently separate and recover

low-pressure, low-concentration CO. (atmospheric
pressure, CO: concentration less than 10%) emitted from
steel mills.

-Plan to build a pilot plant in the Resonac Oita Complex to

manufacture chemicals from the recovered CO.:.

Nippon Steel
s C0, capture and recovery & Va:“:’al:l'i! S‘:‘Ubstance
from steelmaking gas 271 conversio
- manufacturers

Separating
agent

Q|ta coa'stal Licensees —
industrial zone | (IP license from Showa Denko m”:{’ g
collaboration o Mg el

co,

Separating
agent

C0, capture and recovery
from petrochemical gases

Chemical
users

Chemical manufacturing plant

(Source: NEDO Gl Fund Business Overview Document)
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@®Industrial Collaboration in Soga and Goi, Chiba

Large-scale Industrial Agglomeration
! Type

Participating
Institutions

JFE Steel (Steel)

JNC (Chemicals)

KH Neochem (Materials, Chemicals)
UBE Elastomer (Synthetic Rubber)
Iwatani Corporation (Hydrogen)

Ube Materials (Lime Manufacturing)
Cosmo Oil (Oil Refining)

Denka (Chemicals)

Maruzen Petrochemical (Petrochemicals)
Yokogawa Electric Corporation
(Management)

Overview

CO:. Emission
Source

Steel mill (JFE Steel), lime manufacturing
(Ube Materials), oll refining (Cosmo Qil),
chemical/material manufacturing
(Maruzen Petrochemical, KH Neochem,
JNC, UBE Elastomer, Denka), etc.

CCU Products | Fuel, Chemicals, Carbonate fixation

Status « Conducted NEDOQ's industrial

collaboration survey (2020-2022)
- Currently considering commercialization

- Collaboration between nine different types of companies
located in the Soga and Goi areas of Chiba Prefecture and
Yokogawa Electric Corporation

- Considering the introduction of a CO. management system,
effective utilization of CO:. recovery, and effective use of
hydrogen and by-product gases from existing processes
through industrial collaboration

- Considering measures necessary for a carbon-neutral
complex by 2050

oi-Soga Complex Image

"IPN <Existing Businesses>

Overal Nanagement &
% mlmcoml &;} ‘
‘ ’4 Eﬁedwel]sefm ll R‘ Solar Power Generation

Energy Sturage

€0, Capture ‘ ‘ ‘

(Source: Yokogawa Electric Corporation

)
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@®Inter-industry collaboration in Tomakomai, Hokkaido [ Large-scale Industrial Agglomeration Type l

Participating
Institutions

(Energy-Related)

Idemitsu Kosan, Air Water, Sanix Energy, Shizen
Energy, Tomakomai Biomass Power Generation,
Hokkaido Oil Joint Stockpiling, Hokkaido Electric
Power, Hokkaido Electric Power Network

(Manufacturing)

Aizawa High Pressure Concrete, lwakura
Chemical Industry, Oji HD, JFE Engineering,
Shimizu Construction, Shimizu Steel, Shinsanso
Chemistry, Taisei Construction, Takasago
Thermal Chemistry, Takuma, Toshiba Energy
Systems, Coca-Cola Japan, Nippon Paper,
Hokkaido Soda, etc.

(Management)
Deloitte, JAPEX

Several other institutions, including local
governments and universities, are participating in
the discussion.

Overview

CO. Emission
Source

Oil and gas fields, oil refining, oil mills, thermal
power plants, various manufacturing industries,
efc.

CCU Products

Fuel, Chemicals

Status

- Conducted NEDO's industrial collaboration
survey (2020-2022)

- Selected as one of the advanced CCS projects
in the region

- Currently considering commercialization

- Tomakomai is home to oil and gas fields, oil mills, thermal
power plants, an airport, manufacturing industries, as well
as the biomass industry and the Tomakomai CCS
Demonstration Test Center

-Analyzing the energy balance of power and heat, and the
material balance of CO: in factories located in the area,
and considering the implementation of carbon recycling
projects using industrial collaboration

- The region is one of the target areas for seven projects
selected by JOGMEC (Japan Oil, Gas and Metals National
Corporation) as advanced CCS projects for storing
domestic CO:, and Idemitsu Kosan, Hokkaido Electric
Power, and JAPEX have started joint consideration
towards the realization of CCUS.

Image of Inter-Industry Collaboration  Owverview of
08l and Gag Fiside Tomakomai Port aviation

(Source: Deloitte Tohmatsu)




~ ~

D Industrial Collaboration in Kawasaki

Large-scale Industrial Agglomeration
L Type

Participating
Institutions

NTT Data Management Research Institute
(Management)

Kawasaki Carbon Neutral Industrial
Complex Formation Promotion Council*

Kawasaki Port Carbon Neutral Port
Formation Promotion Council*

*The number of members in both councils is 79 as of
March 2023.

Overview

CO: Emission
Source

Steel mills, chemical plants, oil refining, oil
mills, waste treatment facilities, power
plants, etc.

CCU Products

Fuel, Chemicals

Status

- Started considering in 2020
- Established the council in 2022
- Currently considering commercialization

- The Kawasaki coastal area features (1) a cluster of energy
industries and hydrogen-related companies, (2) a diverse
range of material industries centered around the
petrochemical industry and robust recycling facilities for
waste plastic, and (3) an already implemented industrial
complex function that easily facilitates the sharing of
energy, heat, raw materials, etc. due to the extensive pipe
network.

- Taking advantage of these features, the aim is to realize a
carbon recycling industrial complex by 2050.

Outside Kawasaki Coastal Area Kawasaki Coastal Area Outside Kawasaki Coastal Area

Collection of carbon resources

T A supply base for carbon-neutral | T~ carbon recycling complex that recycles such as waste plastics and C02

= L
Mr%“ energy centered on hydrogen carbon from inside and outside the area ﬁ ."‘ B o O
i R
5 7 T o, Wit " /
mn e o, | CHEDED ERCIED W -“" *
T = e

S

Supply of raw materials and products
derived from recycled carbon

Ma mb =
Supply of CO,-free electricity

(Source: Kawasaki City)
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@®Industrial Collaboration in Shunan, Yamaguchi

[ Large-scale Industrial Agglomeration Type ]

Participating | Idemitsu Kosan (Petrochemicals)
Institutions Tosoh Corporation (Chemical
Manufacturing)

Tokuyama Corporation (Cement,
Chemicals)

(Stainless Steel Manufacturing)

Mitsubishi Gas Chemical Company
(Methanol Manufacturing)

Mitsubishi Heavy Industries Engineering
(Currently Mitsubishi Heavy Industries)
(CO: Capture and Separation)

Overview

Nippon Steel Stainless Steel Corporation

Zeon Corporation (Chemical Manufacturing)

CO: Emission | Petrochemicals (Ildemitsu Kosan), Soda
Source (Tosoh), Cement (Tokuyama), Rubber
(Zeon), Iron and Steel (Nippon Steel)

CCU Products | Fuel, Chemicals, Carbonate Fixation (,
CCS)

Status - Shunan Industrial Complex
Decarbonization Promotion Councill
established in 2022

-Roadmap developed in 2023

- Currently considering commercialization

- The Shunan area in Yamaguchi Prefecture is home to a diverse
array of material industries.

- Inorganic chemistry centered on caustic soda and olefin-based
organic chemistry coexist, and there is also surplus hydrogen.

- The Shunan Industrial Complex Decarbonization Promotion
Council was launched in 2022, and it is currently considering
solutions and strategies for achieving carbon neutrality while
promoting decarbonization and maintaining and enhancing
industrial competitiveness.

- Amidst this, Tokuyama and Mitsubishi Gas Chemical are
considering the commercialization of Japan's first commercial

plant to broduce methanol from CO, emitted from cement blants
Biomass Integrated Co-creation Space

s oy wainst (o creation with Industry, Academia,  Circular Carbon-Neutral Complex Four Challenges
e Government, and Private @ Raw Material
Blo-aphtha Ges —— TS Carbon Neutralization (CN)
il Bio-Alcohol Biofuels
< {/ (W ' $hunan Oty Wosd Biomass Use Prometion Cauncil posep—— e
Alcohol/Waste Cooking Oil -
Co-creation with the Communi 4
Waste Plastic, Urban Waste — I“;:Clvtlhu . :0. _ @ Product CN
. - > :
< 'L Power -m
‘wv g Generation
Green & Blue Hydrogen ‘
00, ‘ o ‘ ® (0, Fixation & Utilization
i ' Industrial Co-creation
ol 00, Captry, Rucovery, and s urco ilation
Electrolysis  Decomposition
Collaboration with Ports/CNP @ -
Tokuyama-Kudamatsu Port . ':m s f @ Decarbonization of Energy
Ammonia Biomass Fuel Base - — [ Ammonia, Biomass ]
. ' e Biomass Fuel
i— Yamaguchi-Setouchi District Collaboration Raw Material & Manufacturing
Yamaguchi Prefecture & Fuel Conversion _I CO, Method Conversion
Regional Renewable Setouchi Industrial Collaboration -65% -35%
Energy Source 2=
- Regional Revitalization & Next-Generation Industry Creation
e Blomass e Hydrogen e Through the Realization of a Carbon-Neutral Complex @2050
- Ammonia s

(Source: Shunan Industrial Complex Carbon Neutral Roadmap)
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f

LSmaII to Medium-Scale/Distributed Type ]

@9CO, Utilization from flue gas of Waste Inclination Plant in Saga City

Participating
Institutions

Saga City (local government)

Toshiba Energy Systems (CO, capturing)
Ebara Environmental Plant (inclination
plant)

Kyushu Electric Power Company (energy
management)

Saga Environmental Science Inspection
Association (environmental analysis)
Alvita (microalgae)

Euglena (microalgae)

Green Labo (agricultural production)

JA (agricultural production and distribution)

Overview

CO:. Emission
Source

Waste Inclination

CCU Products

(as direct use)
Microalgae (Alvita, Euglena)
Agricultural production (JA, Green Labo)

Status

-Joint research started in May 2013.

- CO, capturing plant started its operation in
October 2013.

-CO, supply to agricultural plant started in
October 2014.

-CO, supply to microalgae production plant
started in October 2016.

- Currently in commercial operation

- Saga city started “Biomass Utilization Promotion Project at Waste

Plant” with Toshiba, Kyushu Electric Power and Ebara from 2013
to 2014.

- Small-sized CO, capturing plant started to operate in October

2013. 10 to 20kg of CO, was captured. The plant achieved 8,000
hours operation.

- CO, started to be supplied to agricultural plant in October 2014.

Commercial plant started the operation in August 2016 with 10
tons/d of CO, being captured. CO, started to be supplied to

microalgae plant.

- CO, is supplied to nearby locations by pipeline. Cost of supply is

JPY66.2/Nm3 (around JPY33.7/kg)

- Saga City developed “Saga City Vision for Biomass Industrial

City” in July 2014. Ministry of Agriculture and Fishery designated
the city as a biomass industrial city in November 2014, and the
citv poromotes the use of biomass and wastes.
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(Source: Saga City)
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@Ethanol Production by Sekisui Biorefinery

[ Small to Medium-Scale/Distributed Type }

Participating INCJ

Overview

Institutions (A government-private fund supervised by
Sekisui Chemical and the Ministry of
Economy, Trade, and Industry)

Sekisui Biorefinery (Biorefinery)

Sekisui Chemical (Gas Purification &
Ethanol Production Technology)
Mitsubishi Heavy Industries Environmental
& Chemical Engineering (Gasification
Reforming Furnace)

LanzaTech (Microbial Catalyst)

CO: Emission | Waste (Combustible garbage)
Source

CCU Products | Ethanol

Status -Demonstration phase (from fiscal 2022)

- Commercial machine operation is planned
for around fiscal 2025

-XLanza Tech's technology is in
commercial operation in China

- Bio Refinery (BR) ethanol technology that turns waste into a
resource contributes to the reduction of CO: produced from waste

incineration and reduction of plastic waste. The synthesized

ethanol can be used to produce plastics and SAF (Sustainable

Aviation ™

Overview of BR Ethanol Technology
R W azacal

Spply Cadificatia Gt R rvene B Crierillasion

O

Refirernidi o
Coavyes it of Wi lareo s Ruse Coehd
W anariale e Gadd « Burne Shell

(Source: Sekisui Chemical)
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@Yokohama City CCU Demonstration Project

[ Small to Medium-Scale/Distributed Type ]

Participating
Institutions

Yokohama City (Waste treatment facility)
Tokyo Gas (e-methane utilization)
Mitsubishi Heavy Industries Engineering
(CO: capture equipment)

Mitsubishi Heavy Industries Environmental
& Chemical Engineering

(CO: capture equipment)

Overview

CO:. Emission
Source

Yokohama City (Waste treatment facility)

CCU Products

e-methane, CO: (Industrial gas)

Status

-Demonstration phase (from 2022)

- Public - private sector initiative to examine the effective recycling
of CO: generated from the waste incineration facilities owned by

Yokohama City, by separating and capturing the CO..

{ . o

Waste Incineration W e B &
— /A ‘=0
Utilization
m Realization of a Carbon Recycling Society
CO: Separation and Recovery O

| L™ -

COa Refinement and Transport L; ﬁ Storage

Y R A‘ 5 = =
S ‘ ‘—
A {- ‘ 'tr-U " 4’ “ ==
*-ils

The demonstration tests will be carried out at the Tsurumi R{&atirce: Yokohama City)

of Yokohama City's Resource Recycling Bureau.
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@Methanol Production from Waste

[ Small to Medium-Scale/Distributed Type ]

Participating
Institutions

Mitaka City and Chofu City (Waste
treatment facility)

Mitsubishi Gas Chemical (Methanol
synthesis)

JFE Engineering (CO:. capture equipment)

Overview

- This project aims to verify the production of methanol, a key

CO: Emission
Source

Waste incineration facilities operated by
Mitaka City and Chofu City

CCU Products | Synthetic methane, methanol

Status -In 2022, successfully conducted a

methanol conversion test (methanol
production) using captured CO..

material for chemical products, by separating and capturing
CO: from waste incineration flue gas. CO. captured at the
waste treatment facility (Clean Plaza Fujimi) operated by
Mitaka City and Chofu City was converted into methanol at
Mitsubishi Gas Chemical's Niigata Research Laboratory.

Incineration plant (Clean Plaza Fujimi)

CCU Demwonstration Experiment Contents

Exhaust Gas COz
Separation and
Recovery
Equipment

Solar Power Generation kL Agrehest s
Equipment, etc. [T ——
(Renewable Energy) v
(Liquid] [Gas)
Methanol Methane .

r'f‘ “-. 4
l CH2:0H
{Used in Chemical Products) {Used as Fuel)

(Source: Mitsubishi Gas Chemical)

84



@Methanation Demonstration in Nagaoka

[ Small to Medium-Scale/Distributed Type ]

Participating
Institutions

INPEX (Plant operation)
Osaka Gas (Methanation catalyst)
Hitachi Zosen (Equipment manufacturer)

Overview

CO:. Emission
Source

INPEX Nagaoka field
(CO, as associated product of natural gas)

CCU Products

Synthetic Methane (e-methane)

Status

-Started a demonstration test of synthetic
methane production capacity of BNm*-CO:/h in
FY2017.

-In FY2021, with the support of NEDO, started a
demonstration project that expanded the
demonstration scale to 400Nm?*-CO:/h.

-Plan to start demonstration tests in 2025.

- This is a demonstration project for carbon neutrality of city
gas through methanation using CO. separated and
recovered from high concentration CO: emission sources.
The synthetic methane produced in the demonstration
project is expected to be injected into INPEX's city gas

pipeline and delivered to consumers.

vwi g C0, Associated with ‘,' €0, Methanation System -
- ": 0il and Gas Fields : Natural Gas
[ INPUT |
Renewable Energy Renewable
N S amqy}—{:lerived Natural Gas
VW Q +
< [\ ” — Renewable
N\, \ 7 A ’i Energy-derived Hi
“'*\ - 4 Existing Natural Gas Pipeline
? 1

High Concentration CO, Emission Sources  Replace the Same Amount of Natural Gas-derived ¢, | c/ewable
(such as Thermal Power Generation)  with Renewable Energy-derived CH, to Reduce C0, Energy-derived CHA

e

l

An 8Nm3}h class methanation test device (Source: INPEX)
created at INPEX Nagaoka Mine
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@O0dawara City Carbon Cycle Model Construction Demonstration [ggj'te

Participating | Odawara City (Waste treatment and Overview
Institutions |n_C|ner.at|on) _ - E-methane production using CO. emitted from waste incineration
Hitachi Zosen (Methanation plant) plant

X Urban Research Institute (Management) | .cCombustion and power generation confirmed at methane gas
utilization facility

- Although this facility will be dismantled within FY2023, the goal is
to implement the combination model of waste incineration plant
and methanation technology in society.

IL MW -

! Incinerstton Coding GOt Rwecowery o ﬁmv- Sanitation Vehicles
| g Cqdpmens  Cquipmens

e
y ep——

City Buscs

W _
| Renewable | CH, \

i Energy Po $ Mars Srack Comtasmsion Corfirmoeian) £ !

- é.,u.:- i[l hl_ i --u-lw::"

S0FC (Fower Ganwrasion Cordirmmosi an) : ’ mm Emv :

CO:. Emission | Waste treatment and incineration : G “

Device < Demanstration Scopae> Fi <Future Vislan> |

. <Future Vistons- '

Source

CCU Products | Synthetic methane

Status -Implemented as a Ministry of the
Environment project (2018-2022)
- Started demonstration operation in June

2022
-Planned to be dismantled by FY2023

(Source: Hitachi Zosen)
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@Asahi Group's Methanation Demonstration Test [On-site type ]

Participating
Institutions

Asahi Quality & Innovations (CO-
separation and capture, boiler)

IHI Plant Construction (Methanation
equipment)

Overview

- CO: in the boiler flue gas in the factory is captured and converted

- This is the first methanation facility in a food company in Japan.
- Synthetic methane (e-methane) is used as an alternative to

- In the future, the possibility of "carbon recycling" in the factory,

CO: Emission
Source

Boiler flue gas at the factory

CCU Products

Synthetic methane

Status

- Demonstration operation started in 2021

into synthetic methane (e-methane) by methanation.

natural gas.

including fuel for fuel cells, is being considered.

Em
“ e

Chemical Reaction between Carbon

Synthesized
_#
: Methane

‘4
| | | I ' (CHs)

(Source: Asahi Group Holdings)
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@CO: Reduction Technology with Carbon Recycling Blast Furnace ‘ g:j’"e l

Participating
Institutions

JFE Steel (Steel making)

Overview

CO:. Emission
Source

CO:: in blast furnace gas (JFE Steel)

CCU Products

Synthetic methane

Status

- Technology development stage (as of
January 2023)

-CO: in the emission gas from blast furnace process is
captured and converted to synthetic methane utilized as
an alternative reducing agent to coal (Gl Fund project).

Conversion of COz to Methane with Hz, Repeated Use as Reducing Material.
Carbon Recycling Blast Furnace 2 -
Replacement of Reducing Material from Coke to Carbon Neutral Methane

Iron Ore

‘/ Blast Furnace Gas |
m |c02, Co’ H> > Effective Utilization
Shaft Gas Injection ' CCus
L.

Carbon

PN

-

= H2

| |
CO2 + 4H2

Recycling

e 02

’ + 2H20
:
Carbon Neutral Reducing Material H 2 O
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@Development of CO. Capture Cement Production Process

[ On-site type ]

Participating
Institutions

Taiheiyo Cement (Cement)

Overview

CO:. Emission
Source

Cement manufacturing
(Taiheiyo Cement)

CCU Products

Synthetic methane

Status

- Demonstration phase (From 2021 for a
maximum of 10 years until 2030)

-CO: generated from the calcination process of limestone
Is captured and converted to synthetic methane by
methanation process. Synthetic methane is used as a
natural gas alternative fuel in the development of the CR
cement manufacturing process (Gl Fund project).

Raw Material + Energy-derived COz2

Cement Raw Material ?
. = -
'\-’( ) Raw Mate{nal-denved CO.z (Recovered as —
High-concentration CO2)
I of CO2
L
H * A
E -derived
| )< -‘. Preficgter Tl
CO2
\ 1 z <
V. ® V
- Reco l IHI R ibl
13 x esponsible
. Co5 Rntonery pe Methanatlon g
[ )Q Calcination Furnace |
\ Ener
9V| 'CHa Reuse

-
> \ 4- T ™= Combustible Gas

—

ﬁ

. Energy . e

|—]-——1 -,

Rotary Kiln

== == p Flow of Gas

|Flow of Solid

(Source: Taiheiyo Cement)
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@CO: Recycling Plant at Denso Anjo Plant Electric Development Center

[ On-site type ]

Participating
Institutions

Denso (Manufacturing)

Overview

CO:. Emission
Source

Automobile parts manufacturing
(Denso)

CCU Products

Synthetic methane

Status

- Technological development stage (as of
January 2023)

- A carbon recycling test device has been installed, which
captures CO. from exhaust gases generated in the factory's
production process, converts it into synthetic methane by
combining it with hydrogen, and utilizes it within the company.

Methane Synthesis

Electrolysis

€«

(ovuice. Denso)
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@Kawasaki Plastic Recycling (KPR) Project

On-site
type

Participating | Kawasaki City (Waste sorting and

Overview

treatment)
Resonac (High-Temperature Gasification
Furnace, Ammonia Production)

Institutions

-Municipalities sort and collect used plastic marked with a

Gasification during waste plastic recycling
(Resonac)

CO:. Emission
Source

CCU Products | Direct use (raw material for dry ice,
carbonated drinks, medical carbon dioxide

gas, etc.)

Status - Commercial operation since 2003

recycling label and compress them.

-Used plastic is gasified to produce ammonia (ammonia
production without any use of fossil fuels)

- After gasification, the CO: not required for ammonia
synthesis is captured and stored, instead of being released
Into the atmosphere. It is used as a raw material for dry
Ice, carbonated drinks, and medical carbon dioxide gas at
Showa Denko Gas Products, a group company, thereby
achieving resource circulation.

Low- High-Temperature

Gasification Furnace

\ l Oxygen + Steam

CO Conversion

Temperature

RPF - )
Gasification

Storage

e

Cleaning  Desulfurization

wmEquipment

! ‘

Saline Water  gylfur

[Jun

(Source: Resonac)
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@0Carbon Dioxide Utilization for Polycarbonate Production

On-site
type

Participating
Institutions

Asahi Kasei (Chemistry)

Overview

CO:. Emission
Source

Chemical Plant

CCU Products

Polycarbonate

Status

- EO method developed since the 1980s,
commercialized

-DRC method DPC has been demonstrated
in NEDO project (2014-2016)

-Asahi Kasei pioneered the technology to produce
polycarbonate using CO: and ethylene oxide (EO) as raw
materials.

- The EO method DPC process produces EC, DMC, and
DPC from EO and CO: and is self-sufficient, utilizing the
CO: produced during the manufacture of ethylene oxide.

S
Dimethyl - -
- - -
Carbon Dioxide gt / /\ /"
Methanol Bisphenol A
terials f Intermediates

-In addition, a method of producing polycarbonate from
CO: and alcohol via DRC (dialkyl carbonate) and DPC
has also been developed (DRC method DPC process).

Co; ‘ Phenol | Bisphenol Al
Alcohol ’.—)\ Dialkyl Diphenyl l |

— = Polycarbonate
Carbonate Carbonate

(Source: Asahi Kasei)
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@DUtilization of Recovered CO: in Methionine Production

[ On-site type ]

Participating
Institutions

Sumitomo Chemical (Chemistry)
Sumitomo Joint Electric Power (Power
Generation)

Overview

CO. Emission
Source

Nithama Nishi Coal-fired Power Station
(Sumitomo Joint Electric Power)

CCU Products

Chicken feed additive (Methionine)
[User: Sumitomo Chemical]

Status

«In July 2018, the company started a
business to produce and supply CO:. from
Nithama Nishi Power Plant to Sumitomo
Chemical Ehime Plant.

- Currently, the operation is ongoing.

«CO:: is partially recovered from the Niihama Nishi coal-
fired power plant and transported via pipeline to a
chemical plant 2.5km away. The CO: is supplied as a
secondary raw material (for crystallization) in the
production of chicken feed additive (methionine).
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@Use of Exhaust Gas from City Gas Equipment for Carbon-Negative Concrete

[ On-site type ]

Participating
Institutions

Tokyo Gas (Gas)

Kajima Construction (Construction)

Japan Concrete Industries (Concrete)
Yokohama City Board of Education (Local
Government)

Overview

CO: Emission
Source

City gas equipment (Tokyo Gas)

CCU Products

Concrete

[User: Kajima Construction / Japan Concrete
Industries]

Status

- As part of the Yokohama City "Introduction of
Renewable Energy and other systems to City-
Owned Facilities" project (from April 2021),
carbon-negative concrete will be installed in an
elementary school in April 2023 (the first
commercial use in Japan), and full-scale supply
will begin.

- Continuous consideration is being given to mass
production, cost reduction, and expansion of
popularity.

- The case of practical application of the carbon-negative concrete
"CO.-SUICOM ®", which is produced by absorbing and solidifying
the low concentration of CO: contained in the exhaust gas when
using city gas equipment.

- Introduced to an elementary school as part of the foundation
blocks for solar power generation equipment.

(kag/m?)
300 r

250 r

200 |

150 ¢

100 ¢

SO r

0

Solar power generation system and CO.-SUICOM introduced at
Yokohama City Motomachi Elementary School.

271kg/m*

-188ka/m?

=-110kg/m?*

(COy absorption)

Concrete Compared -

-27kg/m’

Achieved carbon
negativity of -27kg
per cubic meter.

Reduction of COz emissions through

substitution of cement materials

(Source: Tokyo Gas)

in This Study CO,-SUICOM
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@)Carbon Dioxide Recycling Technology for Concrete Industry

On-site
type

Participating
Institutions

Aizawa Concrete Corporation (Ready-mixed
concrete manufacturing)

Air Water Inc. (CO: transportation)
CarbonCure Technologies (U.S.)
(Technology license provision)

Overview

CO. Emission
Source

Chemical plants

CCU Products

Ready-mixed concrete
[User: Aizawa Concrete Corporation]

Status

-License agreement was concluded in July
2020

- Supply of low-carbon concrete using this
technology started in May 2021. Currently
In operation

-Implemented the CO. mineralization (solidification)
technology from Canada's CarbonCure Technologies for
the first time in Japan

- Collects CO: from chemical plants and other sources,
purifies and liquefies it, and delivers it to a dedicated tank
installed at the ready-mixed concrete plant by truck

- Directly injects liquefied CO: into the mixer, generating
calcium carbonate in the cement and solidifying the CO.

-

.‘

VI
¥ 3

Liquefied CO: blown into the mixer

A e
Y

|
(Source) Aizawa Concrete Corporation

95



(0 2)

“IRMHAAKEE Y A b

BTN B A BERBE 22 T A o SRR A S S
(=R VP A 7 NOrAFEELEIC

HEEDOBAL 1) 7= 3HE)
FILHEA, A0 5 AR FERRN T HEAG o  TA

IR — A A
CRER i =L RS P S

B X S 4 hv
Range estimates of the potential for CO2

11 Table 2 |utilization and the present—day breakeven
cost

20 Carbon2Chem Project

21 Hydrogen Lab Leuna E—C02 Met

22 North—-C-Methanol

23 Haru Oni Project

24 Lululemon & LanzaTech|Z & A AR M A= pE

25 C2PAT

26 Jupiter 1000

27 Altalto

28 Flue2Chem

29 CO2/ 1 D A 4 ) — )V HE e

30 Project Air

31 Tata Chemicals

32 Carmeuse CCU

a5 20504ED 1 —Rhy =a— b7 Vi At - k2 v
Bl — DA A=

36 b - 5/NBUC I T B PEEREEE

39 RAba B — MIBT b PE M

42 BERKNAFTV T 7 ATV =2 LD ) — &

44 BEFE N D A K ) — )L HlE

45 FEEICBIT D A X X — a VIHGERR

46 N RBTER T 7 RS RS E

47 THE IV —FIZE DA X R — a VAR

48 T —AR VYA TV EIPIC K % CO2HIREL iy

49 CO2[EIRE X o NELE T 1 X DB

= T — R EEATEBP RE v 7 —IZ R 5C0
AEER T 7 Vb

51 JG 77 AF 7 UH A7) (KPR) F¥E

52 [EICO2ZFIH LAY —Ax— |k

53 [BINCO2 & {EH L7z A T4 = il

b4 CO2-SUICOM

- ;V&U*F%%WH@:@kﬁ$9#4ﬂW&
i

56 NN AHT 4T a7V —Fh




(0 2)

71 CO2JF Bl De— A X J — )L Z M RIREC 7 F A
F v 7 B 72 IR

79 firim LG BHEH S D C02Z NS A & 7 — )L

IR

% Bk

73 e TR ) — )N D EF

74 AU —AF— 1 (EQJEDPCT =& X)

75 AU B —HRFr—F (DRCIEDPCF v+ X)

76 AU —7RF— FHE (EOJEDPCT v & A O FIR
DOIEH) \ _

77 INAFT AL ) — )= VT 77 A
T 7 DOElE

78 FESRTER U~ — % C027> 1> B

-9 fiﬁxcozﬁ%%%ﬁﬂﬁﬂ (=ARX R 25
1=

80 KA DT CO2N LR Y 7 LA e il

ol ixﬁy%ﬁbfamm%ﬁuvv&yﬁﬂ%@
1=

82 [EI B E 5 TC020 & AR FH A= Hh 2 Hil

23 %%%%%%ﬂ%bfﬁA%ﬁ%%U%4ﬁw-
15

84 CO270 7 X = A A g

85 CO27> & IR BB - B 2 BLE

86 LanzaTech® = & / — )Ly 53K 28l « Bie

o T 7 U — FALERICCO2 I - [EET b
[C02-SUICOM| DIl
T2 7 U — FAERFICCO2Z W - BEES 5 (C02

88 #/E)

- a7 J— FAERICCO2E RN - EEd b+
D2

90 CO2[EE LTz Rsta A Liza 7 ) — Al

91 o227 J— MMPEFCH BB A IZC02 % [ E

92 ERE A 7 7 2R L 72C02D fx Feth [ i

93 Ca0lZC02 % WX =T EMCIEFM & L CHIH

94 CO27> HFTE R K 5 SAFRLE

95 INA T AT A BFTAEIT K A SAFSRLE
WEDRIEZRI U7 /L3 — L s 6 OSAF G

v6 (AT])

97 WEDRIEZFIH U2 7 /L2 — L) 5 OSAF R &
(AT]) Z D2

98 TR, BERIN 2> D DSAFE L OV A AR D
Pl




