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Project Goals & (Do

(Goals in FY 2029)
Development of a system to convert atmospheric CO, into
useful chemical feedstocks based on electrochemical

prOcesseS' ﬁectrlc m ooz
Electrolytic Electrochemical ! m J 1
reduction enrichment [ |

Renewable energy

Useful chemical

feedstocks Physical
adsorption

Chemical factory

Achievement of carbon cycle based on electricity which is a platform of future energy system
~ Toward 100 million ton/year reduction of CO, emissions @ 2050 ~



Products : Ethylene é@eoo

Ethylene is used in
about half of all plastic products.

Petrochemical complex V Ethylene polymerization
] ex) plastic bags,
plastic wrap
Others Polyethylen
Ethylene 23.0% 23.3%
v Synthesis from

ethylene and xylene
5.50 ex) PET bottles, textiles

Qg n:illion Propylene 1 0 » 5 O
ons 0] |
\ ABS3.2% | million tons

COZ generation

31 millio
tons/year

million
tons

0.89
Naphtha million Butadiene PET
42.94 » o » (2019)
million 3.69
- il Benzene Po
kL dec-g;fp?sei]lion nzonzn ‘ POIYprOPY|ene
(850°C) . . 23.2%
mlilzgn Toluene / PO|VVII1y|

tons

chloride

¥ Synthesis from

(o)
nf{.ﬁ’é’n Xvl ethylene and benzene 16.5%
ylene
tons ex) CD cases, food trays

|
g ¥ Synthesis from

Source: Japan Petrochemical Industry Association, “FH1b3E T20OIRIK20204E" ethylene and chlorine
ex) eraser, hose

Source: Plastic Waste Management Institute, “ZS5XFvIUH 4L OERERN2020”
http://www.pwmi.or.jp/pdf/panfl.pdf .



Our Future Vision & @eoo
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Urban DAC-U System (Artificial Photosynthesis)




Buildings Function as “Air purifiers for a city% (oo

Urban area

Air with CO,
(CO,: 400ppm)

cosarss(ossses m

Clean air P 9Q@®, 0P 400
without CO, |~

%

The building has an air
conditioning ventilation system.

CO, capture

Requires a large space
for installation.

a8
Useful
Electrochemical chemical
The building will reactor feedstock
" " 27 |
replace DAC". W(ﬁ | H
C2H4

In the future, we will be able to
make familiar things from CO, and water.



Urban Artificial Photosynthesis & ‘(Do

CO, and O, circulation

Air Conditioning
Machine Room

— @ CO, capture DAC 3
Outer wall Atmosphericy\
Indoor CO,
Atmospheric Co, Atmosphere
Adsorbent
C 0 2 A Adscrphor:f:) nnnnnnnn «
inlet Adsorben_t — Indoor %
circulation
-~
outlet O 02
M CO, Recovery
' 02
CO, +Carrier Gas
Underground space Electrochemical equipment
p)
) 00, enrichment T4 200, electrolysis @separation and
—l ‘

‘ L CO, Electrolytic
CO, Enrichment Unit Reduction Unit

To downstream processes




Energy Savings "
in Air Conditioning and Ventilation Systems é (."EDO

Existing technology Novel technology

Outer wall |

Atmospheric
co, ,
-1 =

Inlet

Outer wall

Atmospheric
co,
7

Inlet

Q.

Outlet

Outside air conditioning
Energy

Can be used
for CO, recovery energy

Total air conditioning
energy




Scalability Based on Electrochemical Processes & /((NEpo

Estimated relative production cost of 1 ton ethylene

Estimation accuracy £25%
<> 2.0 @ ation accuracy 5||o
fE [~ Others (piping, etc.)
d\' g 3 Separation
.« = 'O % Purification
o v g &, 'O/-o CO, electrolysis
2 o0 e[ed /56@@( 1 CO, enrichment
8 © :E “ar Ve Q,_QC‘(, 1 CO,capture

© or reS
0 O Vster, %0 0,
'_|: - c 1.0 ~ .
588 %%
-8 oo 6”)6,'9/&
o O ] Ly L, O
Qv ; /Q/)O%
) 8 o 0.5 1 (g =2
> o™ 1 %
&S c |
U A= .
¥ 93 |
0.0 | 1 1 1 1 | I I | i
1,000 10,000 100,000 1,0Q0,000

Scale of the facility for C,H, production (tons/year)

Processes with cost advantages

Electrochemical Thermochemical
processes jrocesses

> 0



Scalable Social Implementation for Various Scenes rz @EDO

MOQIIIHET

Transfer = [l
material

¥ ‘iil!!‘“v‘

Ethylene

&

FELEEY Electrolytic
reduction

C O e s i re— | _
i ;ffﬁh : s :E n ui -
2 Juﬁqum ene, e [ >-ﬂ» R amilnasi ) :I . ]
. _ CO, Recovery + Enrichment ] Ethylene
Carbon dioxide I ’ Ethylen production=Chemical plant k | glycol

Electrolysis units are located away from urban areas

< | Butadiene

NN N

Butadiene

w e
-u.}iil :
T —

S PR [ ]

CO, Recovery + Enrichment + VTR . ; ﬁm
Electrolytic reduction Chemical p|amt
Ethylene ’ C,H, | |

Ethylene
glycol

NN

Offic
Hatel
Illllllli}

T m i)

- it

o
Shopping Mall
Hospital

Antifreeze, Solvents, Cosmetics,
Polyester raw materials, etc.

=
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:‘ @ i ‘ | s,
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o) 2 Tansportatiof, b b
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CO, Recovery + Enrichment + Electrolytic Related industrial plants

reduction +Chemical production
L
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Work Packages of the Project é@eno

CO, capture and _

@-1 TSA system -1 CO, Reduction catalyst
Shimizu Corporation _ A: UBE Corporation / Useful
O N Al g chemical
' A: RIKEN / B: Osaka Univ. feedstocks
Maxell, Ltd.
(3-1 Integrated system
ST CO, analysis & control,
o !”H: e 1 LCA Reduction
e I = The University of Tokyo product
T -(D-Z Electrochemical ‘ | J;—_b
Atmosphere/ o inrbchmen;c 372 Process
Indoor CO, sera e Ch.'“i‘jegéatm" .
co, iyoda Corporation High-value
Enrichiad chen;iclal products
N .
0,4+ S5 Enriched : (etihylens; <Ic.)
5 =T
© @ © @
A scalable

electrochemical system

Renewable energy

12



R&D Items and Players P@@eno

R&D items Player
CO, capture | CO, capture by TSA method SC Collaborative member
and
enrichment | Electrochemical CO, enrichment m OSu Collaborative member
Cu -
= beev | Substrates UBE
Catalyst Q]
.
Functional @ Cu-baSEd materla|5 OSU FKW
Substrate UTK
Gas-Diffusion "
CO, Reactor | Electrode (GDE) UBE..FIOH. Maxel
electrolysis member
MEA- Membrane
based reactor
Reactor RIKEN Collaborative member
Reaction process development / Process integration
Integrated system analysis & control / LCA A
System g Y Y L 1] UTK CYD
integration =3 | R.I | =
L. |

*UTK: The University of Tokyo, OSU: Osaka University,
RIKEN: Institute of Physical and Chemical Research,
UBE: UBE Corporation, SC: Shimizu Corporation,
CYD: Chiyoda Corporation, FKW: Furukawa Electric Co., Ltd, Maxell : Maxell, Ltd.
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KPI & o

T 02 2024 2025

CO, emission® 410 ~ 415 +0.5 ~ +1.0 | <-05
L
CO, emission —0.5~ 0.0 -1.0~ —-0.5 <—2.0
during operation (50~45V,FE=55~65%) (45~38V, FE=55~80%) (3 V, FE= 80%)
C0zemission 115 115 115

upon equipment manufacturing

% CO, emission of the entire system from atmospheric CO, capture to ethylene production (including emission upon manufacturing of equipment)

Energy required for each process

100%
co,
electrolysis
80%
60%
0
40% co,
Capture
Cco, Separation
20% ' enrichment Purification
" - . « Rough estimation with £20% accuracy
0% + Assuming solar power generation of 30g-CO,/kWh

as CO, emission from electricity
+ Includes CO, emission from equipment
manufacturing
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Development Schedule

& (oo

Development

item FY2020 FY2021 FY2022 FY2023 FY2024 FY2025 FY2026 FY2027 FY2028 FY2029
: C°z| : High selectivity IL7A Low power Breakthrough

€ ﬁecggg:'c Stability 150 h gtt):;i‘:itn;ptlon Ultra low power consumption

@ CO.electrolytic
reduction process ’

Large area Issue extraction / Large area & stacking,

stacking membrane, etc.
PJ target

® Integrated

system
- i co )
@ 2 CozeanChment enrich|121ent operation Separatio
process reactor check

®-1 CO,capture

Adsorbent
selection

Physical
adsorption

process
System CO,
t(e_mi;ssciic_)ns +1.0 ~
including
equipment) +1.5
(t‘COZ/t'C2H4)

Large scale /
Long-term stability

For building implementation
Formulate system design
guidelines

Design
construction

Design
guidelines
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Pilot Demonstration Image & (Do

Pilot Implementation Image
« CO, throughput : ~10 kg/day
- Ethylene production : ~ 3 kg/day

DAC air conditioning
and ventilation system

gcs

VL2 2224222228228 2 222224

Image of building implementation

e e
Air-conditioning machine room // \ ; / \

- = ALAM:

CO;

DAC

A =
T
g
2] co, co,
El enrichment electrolytic
g reduction
&
— C,H,
] Selective
5 eparation
c
8 m 8 Tanks ‘
°
k= Analytical
8 equipment
v Sink
< >

8m 16
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CO, Capture and Enrichment : Basic Performance
Achieved P (."EDO

O CO, capture :

Concentration 0.04% = ave. 0.7% | 1= iolr s Aol () =leq e =

O CO, enrichment
Concentration 0.7% =» 100%

Target for FY2022 (10 times enrichment)

achieved
_Air CO, Capture > Electrochemical CO, Enrichment > eectropysis.
100 ¢
- +CO, Capture by TSA*
e i i i i [Result)
- Cooling(Adsorption)eHeating(Desorption)
’ CO, conc. o
100% achieved =
~ 10 —] ‘ — o o
S 5| carmer Gas - Egrzlcggg Target Concentration = 1:1
$) - ?L('jtdoo:‘ﬂ\_/ Dilute CO, Air (:()2 conc. Cathode Anode %‘a E
S neoor AT Fa== ave. 0.7% achiey SIS
| | L] L] Q Q N e
8 1 E Coldé éHOt Heat Ze-/’_— (_\Ze' /-%l 1}_'
ON 0.5} Source e k Q- §} QM oy =
@) " Target Concentration >0.4% ZOH_XQHZ » y O
0 7 2C0O, 2HCOy H,CO, 2€0, = _E
0.05- | T; =
| atmospheric air XTSA: -Use of an electrolyte containing quinone analogues ) O
0.01 400 ppm(0.04%) Temperature Swing Adsorption -Selective enrichment of CO,
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CO, Capture : DAC Requirement Definition for BuildingstgT@EDo

O Concept of DAC requirement definition for buildings

%1) Japanese market for air
conditioning systems and
partners’ positioning

U maker)

Large
buildings
26.9%

Small and medium

buildings
[Defining DAC Occupancy use Productive use
requirements] (PAC maker

73.1%
©Ind Ai lity Act on Maintenance of Industrial Safety and Health Act
alndoor AirQua ltySanitatit:m in Buildings e an © XZ)

ZNoise Level(dBA) - 40 — 45 — 50 — 55 — 60 — 65 — 70 — 75-

Percentage of applied DAC
mechanism in Japanese
construction start floor area

[Corresponding specifications]

DAC
solid adsorbent

; Office
N 5,705,106

: SAonIy %) Store
(53%) 4,172,326 (CHo

Factory and

Chemical

- ( Measures against moistufe op the
PhVSICS primary side need to be cofisideted )

Physical adsorbent makers
(including start-up) Prof. Kodama,
Kanazawa University, Kodama PJ

Chemical adsorbent maker

Hospital/Clinicll®
1,812,788

workshop

DAC mechanism TSA (4%)
i = PSA - I TSA or PSA |
Packaged air conditioners(PAC) maker Engineering companies S A7SEES (53 E  (47%) a)
Air handling unit{AHU) maker PSA air dryer maker "7 ) (28%)

2022 Annual construction start floor area (m?)
Ref.) MLIT: Statistical survey of construction starts 2022

RESEARCH & DEVELOPMENT FROGRAM

. [DAETE e |
e
; DAC . &
Z : . o
Z i F !
7z i ]
Z L ; —ho
Z - i
z P !
Z i i
Z b B
Z ! |
2 S | : : Room
. i n :
‘///’@H_& : | aae 1
1 | ry !
2 : = 1 :
7 b e o R
; ) e >
ot CO, desorption carrier gas +
z (From the electrolytic 1 &
Air vent reduction process) (an::he ;Iectrolvtic Ko

2
(To the electrolytic

reduction process)
reduction process)

A NANNNRNNRNNRNNNNSNN NN NN SRR NNNN

-~

Diagram with the boundary

Complex | Large | Below
medium

Theater

Hospital

Requirements definition table

CO;, cone. =1,000 ppm =1,000 ppm =5,000 ppm
Noise NC45/VAL= NC45/VAL NC45/VAL= NC45/VAL=
/Vibration =
Space 4~6% of floor area
a |Temp. /Humi. 17~28C/40~70%R.H.
E
E Air quality HCHO:100 pg/m3, TVOC:400 pg/m? or less
2 | odor — Offensive Odor
é_ Control Law
o |Energy type Electricity Electricity Electricity
/heavy /heavy
oil/gas oil/gas
Special facilities | District Private power %
heating and generation cogeneration
cooling
Adsorbent Solid adsorbent Solid Solid
E adsorbent adsorbent
g E DAC mechanism | TSA TSA/PSA PSA TSA/PSA PSA/TSA
i /TSA
a
i Partner candidate
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CO, Enrichment : Stability and Scale-up & (neo

. JUCTELLEET Ry .+ Unreacted «..
N2+02 ‘ *e, R 4. *e, Kg CcO < .’0‘
“ '. - :. A ‘I
. :-:' rpti "" -
Atmospheric - desorp
.. . .> llllll an?®
COZ 0. ‘0
R "0. COZ
llllll:llll“ *IIIIIII ------ > * C2H4
adsorption .
Separation
. Electro- . . Purification
Enrichment )
reduction Filterajon
Extract Issues 100% 0
O Asymmetric Electrochemical ° «— C0
Properties in the High pH Region ‘; 80% pe—a—e—a e e | 40 g
(Near the Electrode) 9] . . E
C 60% . 30
2
~ 5.0 . Vet 250 2 O a0 | e " =
:Voltage %
3 4.0 ®:Current  »qp E % :dc)
— - -
v 3.0 ; 150 c 20% - 10 O
g 2.0 W‘J 100 E E — '_I o ‘_l =
ﬂ =1. E :5 0% Lo —eo o o o o o o o o oo (
§ L 50 3 O 0O 10 20 30 40 50 60 70
0.0 o O . .
0 100 200 300 400 500 Time (min.)
Time (h.) i -
B Seledtive separation of CO, from the
h r_\’\/ _x No polymers identified. .:’»: \
-5 000 =Primary verification completed “'.y"’
" _E'Svs Ag(;OAgCI (\0/)5 1-0 - m"‘“ - - |
. : MS spectrum results of L7 4
Asymmet;:‘f)stleerﬁc;gchemlcal post-reaction solutions ) e
2.5 cm Square 10 cm Square

Improved reactor and larger area
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CO, Electrolytic Reduction : * N
Cathode Electrode Design Guidelines & (oo

= = . = = = CH,COOH
B Measures to improve current efficiency B Establish optimal electrode design HCOOH
- - C;H,OH
0 Hvd guidelines CoroH
VS. y rogen Enables adjustment to target current density = :‘:'(23
@ Thorough elimination of macro hydrogen generation sites 2 2 CH,
g ydrogen g ) 200 mA/cm 500 mA/cm? . &
g\: 100 - i’ ________ i - :\o‘mo
HZ . Tz L:,' 80 A i . i - : 80 A - -
: 5 9] i i 2
: ‘S 60 4 | H Q 60 |
022 2% e ¢ o‘.% § 1 i g
OGSt (TR U AUICATRECLALG pCeCo00c c5ehetCLel oLl LR AURC LS g ] i |
't't%i%'t'&'&'@t’ QLT IR S | | ; 5 x|
5 ! ! £
CO, Co, CO, Co, Voo i___g_gﬂ__,‘ 17 31 S o 17 31
® Catalyst loading (mg/cm?) Catalyst loading (mg/cm2)
Appropriate catalyst structure control according to target current value
2 2
Example: Appropriate catalyst loading according to target current value 3 1,00Q__I‘_l_1__A\/C|11 - Z,QOOmA/cm
S 100 ! - ] R 100 i E
¥ I . - = . — . H =
] | ! ) i |
Sgetesetentes (o T pm T m
Sessssssssssssiss SRRNssseeesssssss £ 1 | 29 11
e e | = | m
RIS S8 EEaeeeesss S i i 5,0 | | l
co 034 R 3.1 0.34 R 3.1 10
Co, 2 COZ Catalyst loading (mg/cmz2) Catalyst loading (mg/cm2)
Current density : small Current density : Large Current density : Large N L. . .
Current efficiency : Large Current efficiency : Large Current efficiency : small m  Compatibility of current efficiency with current density
O vs. Other CO, reduction products = e ~
T e e e e e e e e e s —— : é é
I > >
' CO, CO g C,H, 3 3 .
i i a o
! \‘ /‘ | g 601 S T
: 0 00 | o o H & & :
: & &g | \Tﬁ(f/ X=Cos ; . ; 40] Other group This PJ
1
I - > . . > S 40 3
e PR AR ' 5 neutral 5
. . . o O 207
CO dimerization promotion Y - v
N N
Improvement of local partial pressure of CO by increasing © 20 . . . . . O ol y y -
counter | catalyst/electrode porosity 0 1,000 2,000 3,000 0 500 1,000 1,500 2,000
Improvement of CO local partial pressure by increasing current density Current density (mA/cm?) Current density (mA/cm?2)
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CO, Electrolytic Reduction: * N
Cathode Electrode Catalyst Development é (."EDO

O Attaining both high current efficiency and high stability

Addition of metal-C
Addition of metal-B Addition of metal- C Improved carbon substrate

< 100 A 1004 . 100+ o
X [ X FE (C,HsOH) 15~20% ] XFE (C2H5_OH_) 15~20%
g ol m,..-"" co S :g liquid products ¥ liquid products -

80 ] S 80 < 80
é 0] “““I"""""|||||I|“" CH, gy ||II||I|||II|II|IIIIIIIII|IIII||IIIIIIIIIII|||||I||||||||||||u||||||mumnmlll 5 70] T T
L 601 T 60 o)
D 50 |:| H2 € 50 %
5 w0 EEIC,H 2 wof :
© 30 204 o 30{ g

: = i

o) e o L 0 LI

0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
Reaction time (h) Reaction time (h) Reaction time (h)

O Efforts to achieve a high current efficiency

O Ethylene current efficiency of 56% with polyhedral Cu
O Factors are being identified and design guidelines are being developed

- Spherical Cu Polyhedral Cu 100
P s

(00}
o

Particle
image

o)
o
S’
o
L @ =
A 2 60
o
L
N—
o 40
e
o
Production method Sintering Wet red uction E 2 0
.
-
State of purchase Powder DisperSion U

0

Spherical Cu  Polyhedral Cu
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CoO, Electrolytlc Reduction:

-

- ]

. -

] /\
e e & ((NEDO
ol MOONSHOT

- “

OStart of electrode prototyping through institutional

UBE
[ MPL/GDL production ]

Water repellent treatment, etc.

Substrate area 6cm square

B

& Preparation ]

e FURUKAWA
wasnaoe ELECTRIC
[ Catalyst Development

Cu-Al alloy catalyst preparation

solid solution alloy

Preparation Thermal plasma

Method method

maxeill

Within, the Future
[ Catalyst coating
/GDE fabrication ]

Coating treatment, etc.

Image of catalyst coating
treatment on substrate

collaboration / Preliminary report of results (Prototype 1)

’\\WCH YODA
CORPORATION
[ Device evaluation )

—

FE (%)
c3¥ssE838LE

0 5 10 15 20 25
Time (hours)

Electrolytic Cell: 2.5 cm Square MEA

Evaluation results of the first prototype
of the catalyst addition electrode

Ny [Future]
Aiming to implement roll-to-roll

coating prototypes
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CO, Electrolytic Reduction:
Anode Electrode Development

-] /\
& (NEDO
MQONSHOT

OCell voltage of 2.82V @ 200mA/cm? was confirmed

by optimizing the anode electrode structures
500 mC2H4 mCO H2

(Electrolyte 0.5M KHCO,)
@

o]
o

~
o

v wr
o o

Current efficiency (%)
&

]
/ /
/ / H
] ! )
’ 7 )
/ / )
7 / ’
!’ ’
O /I
/ 4
7 e /
/
/
! ’/ )4
4 ’
e /

B
@ I

A
' h \\*\
l S
-
>
9y

Current density (mA/cm?)
©
©
Q&
b8
_ g
s

200 € ---=-===--=m- -1 P
v g (Ref.) Cathode product @ 200 mA/cm?
I IV P X
100 e X
|
16} | structure
| .
. ¥ ©® Commercial
0
2.00 50 3.00 3.50 4.00 @ Catalysta
Cell voltage (V) ® Catalyst B
@  Catalysty
@Cell voltage: = BEIge[s# 2Cell voltage

2.82V 3.0V 3.06V
@200 mA/cm? @200mA/cm? @200 mA/cm?
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CO, Electrolytic reduction : £ N
NEDO
Reactor Performance Improved «<

¢ C2+ FE 80% @ 2,000 mAlcmZ FY2022 Target : 100 mA/cm?
O Higher current efficiency / lower operating voltage FY2024 KPI
CO, emissions (t-CO,/t-C,H,)
- C,H, FE 60% @ cell voltage of 28 V

O World's highest level of high current density f

<

+0.5~+1.0
O Current density: 2,000 mA/cm? O Current efficiency 60%
+ O C2+ Current efficiency 80% N /7 0 Cell voltage of 28 V

~ 90
L 80 0
g +1.0 80 ~
G 60- 9 70 <
% g; 60% F-M5 FY 2022, O\ g
= ) , &, 60 2
£ 40 tral 5 T R o
o neutra S ’ 50 O
+ o - =
N b 7 3,
O 2 . . . . _8 40

0 1,000 2,000 3,000 S J'
- Current density (mA/cm?) - S 0, 30
§ 801 ° ® 8 Cathod Anode
9 . ~ A co, H0 20
c ) L] L
G 6ol \ 8 T S :
S . : stem CO
2 401 Other group This PJ Electrolytic Electrolytic Anode electrode . y . 2
S A B C reduction cell reduction cell improved P ISSIONS
= EES. Catal., 03 Nov 2022 Additive metals (GDE) (MEA) 2CO,/t-C-H
§ 20: https://doi.org/10.1039/D2EY00035K (Cathode) 2/ 2 4)
LN

0 500 1,000 1,500 2,000 Selectivity improved Cell voltages reduced
Current density (mA/cm?2) \ y

High current efficiency at high current density
G _J
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CO, Electrolytic Reduction:
Larger Area and Stacked Reactors (."EDO

010 cm square cell achieves performance equivalent to 2.5 cm
square cell

10 cm 80
60
9
? 40 . B Conditions
o] -Current densities : 200 mA/cm?2
= -Cell voltage : 3.3 ~ 3.8V
(O]
S
t 20
3
O
0

2.5cm 5cm 10cm

OEthylene formation was confirmed in a 2.5 cm square x 4 stack

80 |:|

H;
70 M co
60 1 cH,
50 [ cH,

40
30

Afdaalolidego s mC2H4, CO2 ... 20
] II2520 =Electrolyte / 02 10

co2 = 14 _:::_:g_::: CRRT WiaT
Electrolyte » L ,_—_-_~ -1 B At ;-A, L ]
‘. H H

Electron

Current efficiency (%)

0
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CO, Electrolytic Reduction: 7
imulation Development MQJQ"EDO

O Development of a simulation model was initiated

, Electrolytic reaction model L Fluid model

[Review] [Review]

O Development of reaction process model between | |0 Flow analysis in cell channel and diffusion layer
cathode and anode film (GDL) flow bath

O Consideration and reflection of CO, crossover O Design of channel for large area a

P

5 cm Cell Channel |:|| |
OBxample of response analysis in the basic study model

Distribution of CO, and O, concentration between Anode and Cathode

Streamwise direction i — =
Mass Fraction of CO2 of Gas ﬂ 0 path k G D L

T MNassFractionofLQiorGas o THIWNY DAL b
0.939 0.969 0.999

‘ Cathode " s EE = Analysis results - velocrtydlsmtuhm inside the flow path o
Gas In = —? GDL. ﬁ = ., St

Liguid In : " - im @ — o
Anode ‘ o o

Mass Fraction of 02 of Gas

Reproduce the reduction of CO, concentration (reduction
reaction) as you go downstream in Cathode.
—Analysis of the effect of flow on reaction efficiency.

T

Optimal flow path design for large-area cells based on
\_ ) \_flow paths and flow conditions inside the GDL. 4
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Integrated Systems: * N
Conceptual Design and LCA & ‘(Do

O Integrated system design: introduction of CO, recycling flow using
enrichment cells

®-1 CO, Capture ®-2 CO, Enrichment @ CO, Electrolytic reduction @ Separation/Purification

H,+CO + CH, + C,H,

[

H, + CO + CH, + CO, + C,H,
from > O Enriciment H, + CO + CH,
atmosphere ] | ‘ ! Cqm |
v

4
y .
Adsorptjon Separation L, Ethylene
Desorption
to / P

2 2
— | Electrplytic Enrichment I araud
Reduction Cell cell-1 co /Purification C,H,
2

atmosphere | % | 4
Adsorption/Desorption COZ j Coz
Switching operation ~
CO, recycle flow

O LCA evaluation of CO, recycling
O Study LCA for a system that reuses heat from combustion of by-products as
heat for CO, desorption in DAC

4
“@- - [ consumables
ar— B = 37 — — Bl construction
Photovoltaics - Recycle Thermal @ 2 crapcking ___|cryo. seperation
0.032 kg—COZ/kWh . 02 HZ/CT: Energy Recover y | q()\l 1 : ....................................... \:’ eCOZR
‘ Anode . C02 Byproduct combustion O i Cl CO recycle (anode)
Atmosphere 100 % == | [=» O, Cryo- (.'J 0 2
Gyug co, | | co. o | Electrolysis Separation - ____|CO, recycle (cathode)
g B - [ = = CH, = =1f ! | CO, enrichment
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Integrated Systems: Control and Evaluation & (oo

OStudy on system control for continuous operation
=Confirmed the impact of operation control

water flushing |

0 100 200 300
Time (hours)

O IStI?rted Ievaluation of "CO, enrichment + CO, electrolysis"” coupled operation at
ab. scale

: CO, Recovery | —
! (DAC Unit) I

CO, Enrichment || CO, Electrolytic reduction
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International Collaborations

& (oo

Research Center for
Advanced Science and Technology

The University of Tokyo

Exchanges with
Embassies

Information Exchange Meetings with European
Embassies and Others

/Embassy of Norway

/Trade and Investment Promotion Agency of the
German State of NRW, etc.

/Consulate of Switzerland in Osaka

Sugiyama

P KIRKF

4#7 Institute of Engineering
DLR  Thermodynamics

Prof. Nakanishi

R (LR

“ a
“,

Dr. Seyed Schwan Hosseiny

DLR Institute of Engineering

Thermodynamics: Dr. Seyed Schwan Hosseiny =
Study abroad [Osaka Univ. : Prof. Nakanishi]

Dr. Fujii

The Director and Prof.

N

rrrrrr H

i - &

Pref Joel Ager

g;

Lawrence Berkeley National Laboratory, Materials
Science & Engineering : Prof. Joel Ager

Collaborative research [RIKEN : Dr. Fujii]
Study abroad [Osaka Univ. : Prof. Nakanishi]
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Outreach Activities P@@eno

Exhibited at SCIENCE AGORA 2023 organized by JST "?f”fﬁf?'mg;f :
Nov. 18 - 19, 2023, at Telecom Center 1o %

Number of visitors to the project booth: over 400
Exchange of business cards: about 15 companies

SCIENCE AGORA 2023 3

iy
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3. Summary and Future Challenges

32



Summary and Future Challenges

O Summary

Theme

CO, Capture
and Enrichment

Major Results

-Clarified the concept (requirements) of the implementation model for buildings
-Successful enrichment of atmospheric CO, from 400 ppm to 100% (pure CO,)

e

Future Works

+Design and manufacturing of prototypes
-Low drive voltage and long-term stable operation

CO, Electrolysis

-FE to ethylene 60%, 2.8 V operating potential between 2 poles achieved
-Efforts to achieve large area / 10cm square cell evaluation and institutional

collaboration

Development of electrodes that simultaneously satisfy

current efficiency, current density, and stability

System
Integration
LCA

-Conceptual system design from atmospheric CO, capture to ethylene

production and LCA for CO, emission

-Continuous process benchmark of "CO, Enrichment +

Electrolysis."

-Improvement of LCA accuracy

O Targets

CO, emission reduction target (per ton of ethylene produced)

: CO, throughput
Fiscal Year -
-“ (kg/y)

2024 Laboratory 25 +0.5 ~+1.0 ton
2027 Bench 250 *0.0~+0.5 ton
2029 Pilot 3,300 SRRl

(Carbon negative and 5,000 hours of continuous operation achieved)

O Efforts toward social implementation
Establish a four-layered structure !

1
! Candidates for future participating institutions
CO, capture 1
(DAC)

S company

M company Techmcal collaboration under consideration

N company

Dsaka Univ. -

RIKEN

UBE Corp.
Shimizu Corp.
Chiyoda Corp.

T company

ucB
TY company

A company

Support group for social
implementatiqn

DLR CO, electrolytic reduction

U rba N DACPLUS_ U
Consortium

We look forward to your participation!

<EEHPLE T B HS >

&< (_N EDO
MOONSHOT
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