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Recent Development for Carbon Neutrality in Japan (z (NEDO
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2015/12 : Paris Agreement adopted at COP21

2018/10 : Special Report of IPCC for 1.5°C (Carbon Neutrality by 2050)
2020/10 : Japan announced 2050 Carbon Neutrality

2020/12 : Japan decided Green Growth Strategy (updated June, 2021)

2021/04 : Climate Summit by US President Biden
Japan announced a new 2030 Target (46% reduction)

2021/10 : Japan decided 6t Strategic Energy Plan
2021/11 : COP26 in UK

2022/02 : Russian invasion of Ukraine started
2022/11 : COP27 in Egypt
2023/02 : Japan decided Basic Policy for GX (Green Transformation)
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Image of Primary Energy in Japan O @EDO

for Net Zero Emissions (by Keigo Akimoto, RITE) MOONSHOT
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Implications of RITE 2050CN Scenario Analysis Results

€ Various measures such as Energy Conservation, Renewables, Nuclear, CCUS,
Hydrogen/Ammonia, NETs(Negative Emission Technologies) are mobilized to realize
Carbon Neutrality. Nuclear is used to the level of the upper constraint in the optimal solution.

& Electrification and decarbonization of electricity are commonly required in all scenarios for
Carbon Neutrality while costs of electricity increase. Electricity of 100% renewables further
increases the cost, thus suppress the electrification of final demands in the optimal solution.

€ Hydrogen and zero-emission synfuels are used in non-electric demand sectors. NETs are
used to offset the emissions from the hard-to-abate sectors for realizing Carbon Neutrality.

@ DAC (Direct Capture of CO, in Air) is commonly used in all scenarios to realize Carbon
Neutrality. Scale of the utilization of recovered CO, is limited. CO, storage capacities
abroad are used as well as the domestic storage capacities for Carbon Neutrality in Japan.

€ Super smart society (Society 5.0) promotes circular/sharing economies leading substantial
energy/material reductions, thus to explore a new perspective to realize a huge energy
conservation with low costs. ((

EFARMREEA WL RILF— BRI



o /\
Moonshot Goals (6 (NEDO

MR

— —

: S : I
Overcoming Iltra-ear sase || oe :
€ g Ultra-carly disease ‘ Coevolution of

imitations of M | ] . .
limitations of body, { prediction and intervention || Al and robots

To realize “Human Well-being”, e | ARG
9 Moonshot goals were decided in = Y NG
the area of society, environment,

and economics. D

|\_ ) _ -"! - L 4

— ; —
[ehr I Cool Earth & ] NIl Sustainable food | [KelrINe Fault-tolerant

\
Clean Earth supply and consumption || universal quantum computer

pply ption ] pussr
e ‘ e |
|

e ¢
i [ o |

3 | 2

| |

Goal 4 :Realization of sustainable ol 9] “& |
NIl Sy @, .
al 9

resource circulation to recover — T coooie i [ i poses o]

(el 1o Age 100 without

Health Concerns

the global environment by 2050. e

modifying the weather mind and vitality

Started in 2020 as the first group of MS Goals
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The concept of Moonshot Goal No. 4 S

RCH & DEVELOPMENT PROGRAM

Temperalure relative lo 1981-2010 average (C)
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Moonshot R&D Program ((6 (NEDO

Moonshot Goal 4 Realization of sustainable resource circulation to recover the global environment by 2050

B About:
To develop radical solutions for
difficult societal challenge, the
Government of Japan set 9
inspiring and ambitious goals
(Moonshot Goals) for challenging
R&D. NEDO is pursuing ambitious
R&D activities to achieve Moonshot
Goal 4. This program began in
2020 and will last up to 10 years.

B Program Director:
Dr. YAMAJI Kenji

President, Director-General of the Research
Institute of Innovative Technology for the Earth
(RITE)
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Target of Moonshot Goal 4

Outcome target (2050):

The Cool Earth & The Clean Earth
Realization of sustainable resource

circulation to recover the global environment.

Commercial plants or products utilizing
circulation technology will be deployed
globally.

Output target (2030): Cool Earth

Development of circulation
technology on a pilot scale for
reducing greenhouse gases, that
is also effective in terms of life
cycle assessment (LCA).
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Ministry of Economy, Trade and Industry, Moonshot Goal 4 Research and Development Concept (2022)
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Development of Technologies to
Recover CO, and Convert Them

into Valuable Materials - Direct Air Capture
- Artificial Acceleration of
Natural Process
In this program, various technologies to Directly capture CO, from

realize direct air capture (DAC) are SR R
being developed to capture low-

concentration (around 0.04%) CO, that
diffuses into the atmosphere, with the

aim of commercializing low-cost, ’L//

high-efficiency DAC technologies. e L @
In addition to DAC technologies, various .%’t Mﬁ//

ewitechnologiestdrielbeingidevelopea -L '
Convert CO:

to convert captured CO, into valuable. =
Sisuine into valuable

materials (' J'
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Outline of DAC-U projects —— Mineralization (_NEDO
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Biomass

0. i Development of technologies to recover greenhouse gases (“GHGs”)
gl and convert them into valuable materials

R&D Projects Project Managers

Dr. KODAMA Akio,
Kanazawa University

Dr. SUGIYAMA Masakazu,
The University of Tokyo

Development of highly efficient direct air capture
(DAC) and carbon recycling technologies

Dr. NOGUCHI Takafumi,
The University of Tokyo

3 |C4S Research and Development Project

Integrated Electrochemical Systems for Scalable

Research and development toward savi Dr. NORINAGA Koyo,
CO2 Conversion to Chemical Feedstocks 4 [Rosparch and deve oprAeH awara saving energy. <t A

for direct air capture with available cold energy Nagoya University

Development of Combined Carbon Capture and
5 Conversion (quad-C) modules targeting low carbon [Dr. FUKUSHIMA Yasuhiro,

S T E rect Air Capture dioxide concentration gases for balancing the global{Tohoku University
Control degradabili Y2 - Artificial Acceleration of carbon budget
of plastics in sea o Natural Process 6 Development of Global CO2 Recycling Technology [Dr. FUJIKAWA Shigenor,
for both utilization and : N Directly capture CO, from towards “Beyond-Zero” Emission Kyushu University
detoxification i tozphere Redesign of Macroalgae for Highly Efficient CO2

Dr. UEDA Mitsuyoshi,

7 [Fixation by Functional Modifications and Their Kyoto University

Product Generation

— —
Advanced Enhanced Rock Weathering (A-ERW)
8 [Technology Actively Combined With Site
Characteristics

Detoxify ultra-

thin nitrogen
compounds

Dr. NAKAGAKI Takao,
Waseda University

Con\(ert Development of Next-generation CO2 -fixing Plant
CO, into 9 [Through the Gene Optimization, Distant Hybrid, and
EICEELS Microbial Symbiosis

National Institute of Advanced
Industrial Science and

Recover nitrogen
compounds and
5 convert them into
materials

Dr. MORIMOTO Shinichirou,
10 Feasibility Study of Enhanced Mineralization Based |National Institute of Advanced
on LCA/TEA Platform Industrial Science and

r. asanhiro,
- . /Agrobiotechnological Direct Air Capture Towards  |National Agriculture and Food
<5 ~ Chemicals-fuels, etc. 11| arbon Girculation Society Research Organization . 2, /
NSume<«—Prodv (NARO) (
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Development of highly
efficient Direct Air Capture
(DAC) and carbon

5 recycling technologies
Dr. KODAMA Akio

Professor, Kanazawa University

Pracllcallly and LCA|
evaluation (R&D item 3)

O Collahomewnh user company

Atmospheric CO,

Moonshot cycle Co, ® SN‘:} —O>o
- [ .
Dahyduliomgembr!Im . A
CO,-freeair - Sweep ) °
’ gas ° o

—
High concentration CO, (R&D item 2)

Development of membrane reactor

DAC
(R&D item 1)

Development of materials and systems

P

Integrated Electrochemical
Systems for Scalable CO,
Conversion to Chemical
Feedstocks

=)

Dr. SUGIYAMA Masakazu

Professor, The University of Tokyo

Electric

Powe;/_\ +a§a
Electrolysis| «—— :0— -L. . ‘. m
e
Useful Renewable Energy
Chemicals

Physical Abso tion |4~
g?m;Captme

e .

Chemical plant

Establish the Carbon Recycling System Using Electric Energy as Platform Energy
Toward Reducing 100 Million Ton-CO: per Year

Research and development
toward saving energy for
Direct Air Capture with
available cold energy

Dr. NORINAGA Koyo

Professor, Nagoya University

Carbon cycling with Cryo-DAC Cryo-DAC concept

Development of innovative amine-loaded CO,
solid sorbent

POINT

CO, capture and enrichment process using less
energy than conventional technologies

Implementing
organizations:

Kanazawa University, Research Institute of
Innovative Technology for the Earth (RITE)

POINT

—

Creation of a system fore CO, enrichment and
reduction to chemical feedstocks by electro-
chemical process using renewable electricity
Flexible system that allows for small-scale
Distributed deployment

kol i The University of Tokyo, Osaka University, RIKEN,
astal Ube Industries, Ltd., Shimizu Corporation, Chiyoda
organizations: . "

Corporation, Furukawa Electric Co., Ltd.

)

Direct capture of atmospheric CO, by employing
Unused cold energy from liquefied natural gas
(LNG)

Pressure swing recovery of CO, by the CO,
sublimation while operating both absorber and
desorber at room temperature

Implementing
organizations:

POINT

—

Nagoya University, Toho Gas Co., Ltd., Tokyo
University of Science 77




Outline of DAC-U projects (Chemical engineering)

Development of Combined
Carbon Capture and Conversion
(quad-C) modules targeting low
carbon dioxide concentration
gases for balancing the global
carbon budget

Dr. FUKUSHIMA Yasuhiro

Professor, Tohoku University

Low 'CO: desorption/ Presswized [T, Class | chemicals
compression hig Raduction Substances acquired by
concentration CO2 AECEIIETERT) A [ﬁé’ﬁggﬁ‘. %?é‘ eg.

CO:
Class lI-1 chemicals

Carba'Tw gy Direct conversion ODtanag without Fedude

ceroricaty kel REN O RIGTR Cataly recoton taking noneducive routes lluriet Ryt 3
fe)

Enrichment J

Class II-2 chemicals
Other substances obtained Wthout

= regucing COz carbon, 8.9,
{ Po-nn materials serve also as GOz absorbent } { Point:Basiosolid | CaDOnNAles
| Type1: CO: salective mbmdrwhudiﬂw‘ H yots servoalso |

H 'lmigm.:huvhmwmmunl used in |
H exhaust gas treatment j &

Adsorption-Reactiofiy Ractswith raw mateials such 3a

Apparatus
Combined Carbon Capture and Conversion (quad-C) et ?rom: ”Wi" gg, mmls?m"mw

Creation of streamlined reaction system, termed
‘quad-C”, by directly linking CO, fixation and
conversion

POINT

Takes energy-efficient conversion routes without
Carbon reduction

. Tohoku University,
L’:'ﬁ:’;ﬁ:ﬂ:g Osaka Metropolitan University,
. B Renaissance Energy Research Corporation

Development of Global CO,
Recycling Technology
towards “Beyond-Zero”
Emission

Dr. FUJIKAWA Shigenori

Professor, Kyushu University

Target System
P~ ® Size expansion by flexible integrations
Conversion Unit (DAC-
(2eml) LWEO2Y . IRYAVACOAYAYS
Capture unit -
co: -% EL % E l: l} l}
ol home/ building/ unused land

retail store factory

co‘ e @ Distributed deployment for ubiquitous CO; Capture

Carbon fuel
Conversion unit

& ' - ""-7.;_‘. S ;_
Carbon Recycle Society

Development of CO, capture using innovative
separation nano-membranes with unparalleled
CO, permeability

Scalable system for use in small-sized homes and
medium-sized buildings

Implementing Kyushu University, Kumamoto University, Hokkaido
organizations: University

&
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C“*S Research and
Development Project

C4S: Calcium Carbonate Circulation
System for Construction

Dr. NOGUCHI Takafumi

Professor The UnlverS|ty of Tokyo

3 (gl +H;0

A
Calcium bicarbonate
solution €aC0,+H,0+C0,~Ca(HCO,);

\\
Precipitation of
calcium carbonate

0.1 mm

= COmpressive strengt
20 MPa or more

Capturing atmospheric CO,, efficiently with repeated
dry & wet cycles of crushed concrete waste

POINT

Contributing to sustainable circulation of calcium
resources as well as CO, with low energy

The University of Tokyo, Hokkaido University
organizations:

Advanced enhanced rock
weathering (A-ERW)

. technology actively combined
A0 & with site characteristics
Dr. NAKAGAKI Takao

Professor, Waseda UnlverS|ty

A-ERW research items

Applicationon farmland

rocks

Various mafic
characteristics of Japan

utilizing the geological

Site-specific weathering, CO2 mineralization, and
co-benefits

kol i Waseda University, Hokkaido University,
o":pa?‘?;zzc::g, Kyoto Prefectural University,
g 8 Mitsubishi Heavy Industries, Ltd.

AIST, RIKEN
organizations:

Feasibility Study of
Enhanced Mineralization

o zLBased on LCA/TEA Platform
e

Dr. MORIMOTO Shinichirou

Environmental and Social Impact Assessment Team
Leader, National Institute of Advanced Industrial
Science and Technology (AIST)

g |l

Carbonation(Japan) 60~120 1.0~2.0
Soil application (Global) 40 0.7
Total 100~160 1.7~2.7

|

400 million t/y
}  of mafic rock
mined in 2050

\
- Accelerate plant growth [ISSSISSSE
e | by soil appication

-

NT

é Clarify the optimal soil application method of mafic
rocks for plant growth
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Redesign of macroalgae for
highly efficient CO, fixation
by functional modifications
and their product generation

Dr. UEDA Mitsuyoshi
Special Appointed Professor, Kyoto University

+
* Pioneering the era of B.’uegal'd 4

Alr -
3 ﬁ‘/ \-\
Chemicals* H:0
Bodegradabie Macroalgae /J . u)f
plastics, (About 10 times more CO: absorption QCO
Fonctions] than terrestrial pla nts)
food materials =
Impmvement of Rubisco
and metabolism; genome ‘_ —
analysis and editing COz_Ws;
Conversion by artificial P
metabolic pathways * Expansion of algae beds
Effective utization of fixed 0z Aera expansion; increase —
2 in variety
. « Effective utilization
of fixed CO;
Synthetic biology
LZ[;::SW Area expansion
o \mn cvement of CO,
S @ =
* @ et Se\eclon of )
ww for strains;
{ Genome editing |

Selection and breeding of macroalgae with
higher CO, fixing capacity than land plants

o | Genome editing of CO, fixation enzyme gene
system and production of edited strains for
accelerating CO,, fixation capacity

OINT

—

Kyoto University, Kyoto Institute of Technology,
Mie University, Green Earth Institute Co., Kansai

Implementing
organizations:

Chemical Engineering Co.

Development of next-
generation CO, -fixing plant

distant hybrid, and microbial
- symbiosis

Dr. MITSUDA Nobutaka

Deputy director of BPRI and the group leader,
National Institute of Advanced Industrial Science and
Technology (AIST)

Ta rget plants

Core technologies Outpu( image

Wood/
ey of &5
regulating ™o inization ' g
gene 2. 3
o Construction
T
A \
Biomass power
generation
Grass species (rice, Biochar

\_wheat, Eryanthus --) J N

Gene optimization for reinforced biomass

| production

0-[ New hybrid plant creation by super-distant cross

LENEHGEE AIST, Tokyo Metropolitan University, Sumitomo
UOENEEULER Forestry Co., Ltd.

through the gene optimization,

New hybrid plant creation
by super-distant cross

Dr. YANO Masahiro

Senior Executive Researcher,

National Agriculture and Food Research Organization
(NARO)

Maximization of e =
€O, absorption e <o, A

¢ ) .M capacity - Contributes to
h {co,) e _ low carbon
Q—s“ e Super DAC rice T
[
reasin

Resource
circulation

industi
Super DAC Iy
sorghum

Increasing crop residues in soil using genetic improvement
and novel cultivation techniques

Development of Super-DAC crops (rice, maize,
and sorghum)

POINT

Elucidation of soil carbon dynamics derived from
crop residues

IEEHGEEE NARO, Tokyo University of Agriculture and
ULELTEICIEH Technology, Nagoya University 7
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(DAC as a Backstop Technology)

all global earmissﬁonrsﬁr all global emissions
o 100% mitigation —— e 100% mitigation ——»

DACS COSTS TODAY /] 2P0 Ve +100/tC0,

FUTURE DACS COSTS

T o
St St
177 b7
ol o
o (& ]
+ +
-— ,—
Q 3
U/ 0(
I I

tons of mitigation required tons of mitigation required

Relationship between cost and introduction amount of DAC

Source: Direct Air Captureof Carbon Dioxide Roadmap {ICEF 2018}
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Thanks for your attention
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Research Institute of Innovative Technology for the Earth




