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Project Goals
（Goals in FY 2029）
Development of a system to convert atmospheric CO2 into 
useful chemical feedstocks based on electrochemical 
processes.

Achievement of carbon cycle based on electricity which is a platform of future energy system
～ Toward 100 million ton/year reduction of CO2 emissions @ 2050 ～
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Products：Ethylene
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Basic chemical products

Petrochemical complex

XyleneXylene

TolueneToluene

BenzeneBenzene

EthyleneEthylene

PropylenePropylene

ButadieneButadiene

6.42 
million 
tons

6.42 
million 
tons

5.50
million 
tons

5.50
million 
tons

Source: Japan Petrochemical Industry Association, “石油化学工業の現状2020年”

Ethylene is used in
about half of all plastic products.

Naphtha
42.94
million

kL

CO2 generation
31 million

tons/year

Polyethylene
23.3%

Polypropylene 
23.2%Polyvinyl

chloride
16.5%

Polystyrene 
7.3%

PET 3.5%
ABS3.2%

Others 
23.0%

10.50
million tons 

(2019)

Source: Plastic Waste Management Institute, “プラスチックリサイクルの基礎知識2020” 
http://www.pwmi.or.jp/pdf/panf1.pdf

▼Ethylene polymerization
ex) plastic bags,

plastic wrap

▼Synthesis from
ethylene and chlorine
ex) eraser, hose

▼Synthesis from
ethylene and benzene
ex) CD cases, food trays

▼Synthesis from
ethylene and xylene
ex) PET bottles, textiles

0.89
million 
tons

0.89
million 
tons

3.69
million 
tons

3.69
million 
tons

1.71
million 
tons

1.71
million 
tons

6.60
million 
tons

6.60
million 
tons

Thermal 
decomposition 

(850℃)



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



Buildings Function as “Air purifiers for a city”
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Fusion

Air
＋CO2

Useful 
chemical 
feedstock

C2H4

Air with CO2
(CO2: 400ppm)

Direct Air Capture (DAC)

CO2 capture
Requires a large space 
for installation.

The building has an air 
conditioning ventilation system.

Electrochemical 
reactor

Urban area

In the future, we will be able to 
make familiar things from CO2 and water.

CO2
+water

Clean air

Water

New Urban DAC

Clean air 
without CO2

CO2

The building will 
replace "DAC".



Urban Artificial Photosynthesis

8

CO2 and O2 circulation



Energy Savings 
in Air Conditioning and Ventilation Systems
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Atmospheric 
CO2

Existing technology
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70

Outside air conditioning
Energy

Novel technology

3030

Outer wall

Inlet

Outlet

Indoor
Circulation

Circulation
Indoor CO2

Indoor 
circulation

Adsorp.
/Desorp.

CO2 recovery
system

Adsorp.
/Desorp.

Outer wall

Inlet

Outlet

Atmospheric 
CO2



Scalability Based on Electrochemical Processes
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Estimated relative production cost of 1 ton ethylene
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分離精製工程

CO2電解工程

CO2富化工程

CO2回収工程
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@Estimation accuracy ±25％
Features of Electrochemical Equipment 
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1,000 10,000 100,000 1,000,000

R
e
la

ti
v
e
 p

ro
d

u
ct

io
n

 c
o
st

s 
o
f 

C 2
H

4 
; 

to
 t

h
e
 c

o
st

 p
ro

d
u

ce
d

 a
t 

th
e
 f

a
ci

li
ty

 
w

it
h

  
1

0
,0

0
0

to
n

/
y
e
a
r 

ca
p

a
ci

ty

Scale of the facility for C2H4 production (tons/year)

Electrochemical 
processes

Thermochemical 
processes

Processes with cost advantages



Scalable Social Implementation for Various Scenes
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C2H4
Chemical plamt

CO2 Recovery + Enrichment + 
Electrolytic reduction

O2

CO2

Ethylen production⇒Chemical plant

Electrolysis units are located away from urban areas

CO2 Recovery + Enrichment

Electrolytic 
reduction

CO2 Recovery + Enrichment + Electrolytic 
reduction +Chemical production

O2

Transfer 
material

EG



Work Packages of the Project
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R&D Items and Players
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KPI
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Energy required for each process

2022 2024 2029

CO2 emission※

(t-CO2/t-C2H4)
+1.0 ～ +1.5

at device level

+0.5 ～ +1.0

at laboratory scale 
1,000 hours

<－0.5

at pilot plant scale 
5,000 hours

CO2 emission
during operation

－0.5 ～ 0.0
(5.0～4.5 V, FE= 55 ～65%)

－1.0 ～ －0.5
(4.5～3.8 V, FE= 55 ～80%)

<－2.0
(3 V, FE= 80%)

CO2 emission
upon equipment manufacturing +1.5 +1.5 +1.5 

※CO2 emission of the entire system from atmospheric CO2 capture to ethylene production (including emission upon manufacturing of equipment)

CO2
Capture

CO2
enrichment

CO2
electrolysis

Separation
Purification

• Rough estimation with ±20% accuracy
• Assuming solar power generation of 30g-CO2/kWh 

as CO2 emission from electricity
• Includes CO2 emission from equipment 

manufacturing



Development Schedule
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< -0.5+0.5 ~ 
+1.0

+1.0 ~ 
+1.5

System CO2
emissions 
(including 

equipment)
(t-CO2/t-C2H4)

② CO2electrolytic 
reduction process

③ Integrated 
system

CO2
electrolytic 

reactor

CO2
electrolytic 

reactor
High selectivity
Stability
High selectivity
Stability

Low power 
consumption
Stability

Low power 
consumption
Stability

CO2
enrichment 

reactor

CO2
enrichment 

reactor

Physical 
adsorption

Physical 
adsorption

SystemSystem Issue extraction/stabilityIssue extraction/stability

Breakthrough
Ultra low power consumption
Breakthrough
Ultra low power consumption

Large area 
stacking

Large area 
stacking

Issue extraction / Large area & stacking, 
membrane, etc.

Issue extraction / Large area & stacking, 
membrane, etc.

65%
cathode 2 V 

1000 h

PJ target
Large scale /
Long-term stability
Large scale /
Long-term stability

Osaka 
World 
Expo

Adsorbent 
selection

Adsorbent 
selection

For building implementation 
Formulate system design 

guidelines

For building implementation 
Formulate system design 

guidelines

低消費電力低消費電力

Definition of requirements for 
DAC equipment for 

buildingsSeek collaboration 
with other organizations

Definition of requirements for 
DAC equipment for 

buildingsSeek collaboration 
with other organizations

Large area & stackingLarge area & stacking

50%
150 h

80%
3 V

Basic
study

Coupled
operation

1 V

Requirement 
Definition

Finalization of 
cooperation 

partners

Design
guidelines

Cathode Gas in

Cathode Gas out

Anode Gas in
Anode Gas out

Anode Liq. in

Anode Liq. out

Cathode Liq. out

Cathode Liq. out

V

Separation
check

Basic 
operation 

check

Lab
4000 ppm

20x20 cm2

10 layers

10
times

①-2 CO2enrichment 
process

①-1 CO2capture 
process

Lab scale
1000 h Plant

5000 h 

FY2020 FY2021 FY2022 FY2025 FY2026 FY2027 FY2028 FY2029FY2023 FY2024
Development 

item

Design
construction



Pilot Demonstration Image

• CO2 throughput ：～10 kg/day
• Ethylene production ：～ 3 kg/day
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DAC air conditioning
and ventilation system

2F

1F

Image of building implementation

Pilot Implementation Image
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CO2
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Air

Electrochemical 
equipment
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CO2 Capture and Enrichment：Basic Performance 
Achieved
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CO2 capture：
Concentration 0.04% ave. 0.7％

CO2 enrichment
Concentration 0.7% 100％

Target for FY2022 (0.4％) achieved

Target for FY2022 (10 times enrichment) 
achieved 



CO2 Capture： DAC Requirement Definition for Buildings
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Requirements definition table

Diagram with the boundary

Concept of DAC requirement definition for buildings



CO2 Enrichment：Stability and Scale-up
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Improved reactor and larger area
2.5 cm Square

Selective separation of CO2 from the mixture of CO2/C2H4

Separation
PurificationElectro-

reductionEnrichment

CO2 C2H4

desorptionAtmospheric
CO2

adsorption
Capture

N2+O2
Unreacted

CO2

Filteration

Asymmetric electrochemical 
properties

MS spectrum results of 
post-reaction solutions
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rr

en
t e

ff
ic

ie
nc

y（
％

）

Time (min.)

Cu
rr

en
t （

ｍ
A）

Time (h.)
Cu

rr
en

t （
ｍ

A）

Vo
lta

ge
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V） ●:Voltage
●:Current

Extract Issues
Asymmetric Electrochemical 
Properties in the High pH Region 
(Near the Electrode)

No polymers identified.
Primary verification completed

10 cm Square



CO2 Electrolytic Reduction：
Cathode Electrode Design Guidelines
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Catalyst loading (mg/cm2) Catalyst loading (mg/cm2)

Measures to improve current efficiency

vs. Other CO2 reduction products

CO dimerization promotion

Improvement of local partial pressure of CO by increasing 
catalyst/electrode porosity
Improvement of CO local partial pressure by increasing current density

Counter
measures

vs. Hydrogen
① Thorough elimination of macro hydrogen generation sites

② Appropriate catalyst structure control according to target current value

CO2

H2

Establish optimal electrode design 
guidelines

200 mA/cm2

1,000 mA/cm2

500 mA/cm2

2,000 mA/cm2

Enables adjustment to target current density

CO2 CO2 CO2

H2

Current density：small
Current efficiency：Large

Example: Appropriate catalyst loading according to target current value
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CO2 Electrolytic Reduction: 
Cathode Electrode Catalyst Development
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Attaining both high current efficiency and high stability

H2

CO
CH4

C2H4

Addition of metal-B Addition of metal-C
Addition of metal-C

Improved carbon substrate

C2H4 C2H4 C2H4

液相側電流効率
C2H5OH 15～20％

液相側電流効率
C2H5OH 15～20％

Efforts to achieve a high current efficiency
Ethylene current efficiency of 56% with polyhedral Cu
Factors are being identified and design guidelines are being developed

※FE (C2H5OH) 15~20%
liquid products

※FE (C2H5OH) 15~20%
liquid products
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image

Production method

State of purchase Powder

Sintering Wet reduction

Dispersion

Spherical Cu Polyhedral Cu



CO2 Electrolytic Reduction: 
Cathode Electrode Study for Industrialization

Start of electrode prototyping through institutional 
collaboration / Preliminary report of results (Prototype 1)

23

【Future】
Aiming to implement roll-to-roll 

coating prototypes
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Cell voltage of 2.82V @ 200mA/cm2 was confirmed
by optimizing the anode electrode structures

④Cell voltage:
2.82 V 

@200 mA/cm2

Target：
3.0V
＠200mA/cm2

CO2 Electrolytic Reduction: 
Anode Electrode Development

②Cell voltage
3.06 V

@200 mA/cm2
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CO2 Electrolytic reduction：
Reactor Performance Improved
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World's highest level of high current density
・ C2+ FE 80％ @ 2,000 mA/cm2

Higher current efficiency / lower operating voltage
・ C2H4 FE 60％ @ cell voltage of 2.8 V

FY2024 KPI
CO2 emissions (t-CO2/t-C2H4) 

＋0.5～+1.0

World's top

FY2022 Target：100 mA/cm2

High current efficiency at  high current density

Electrolytic 
reduction cell
（MEA）

Electrolytic 
reduction cell
（GDE）

4 V

Cell voltages reducedSelectivity improved

Current efficiency 60％
Cell voltage of 2.8 V

A B C
Additive metals

（Cathode）

60％

30％
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2.8 V

Anode electrode 
improved

Overall system CO2
emissions
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C2+ Current efficiency 80％

https://doi.org/10.1039/D2EY00035K

EES. Catal., 03 Nov 2022
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CO2 Electrolytic Reduction: 
Larger Area and Stacked Reactors
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電
流
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■Conditions
・Current densities：200 mA/cm2

・Cell voltage：3.3 ～ 3.8 V

H2
CO
CH4
C2H4

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

＃1
＃2
＃3

＃4
MEA1 MEA2 MEA3 MEA4

Anode
membrane Cathode
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Electrolyte
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10 cm square cell achieves performance equivalent to 2.5 cm 
square cell



CO2 Electrolytic Reduction: 
Simulation Development

Development of a simulation model was initiated
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Integrated Systems: 
Conceptual Design and LCA
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LCA evaluation of CO2 recycling
Study LCA for a system that reuses heat from combustion of by-products as 
heat for CO2 desorption in DAC

from 
atmosphere

H2O

Adsorption/Desorption
Switching operation

①-2 CO2 Enrichment①-1 CO2 Capture ② CO2 Electrolytic reduction ④ Separation/Purification

E EE

E

Ethylene
C2H4

O2

to 
atmosphere

CO2

CO2CO2CO2

H2 + CO + CH4

H2 + CO + CH4 + CO2 + C2H4

H2 + CO + CH4 + C2H4

Integrated system design: introduction of CO2 recycling flow using 
enrichment cells



Integrated Systems: Control and Evaluation
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Started evaluation of "CO2 enrichment + CO2 electrolysis" coupled operation at 
lab. scale

Study on system control for continuous operation
Confirmed the impact of operation control



ｚ

International Collaborations

Prof. Joel.Ager

Dr. Seyed Schwan Hosseiny

Study 
Abroad
Study 

Abroad

Prof. Nakanishi

Dr. Fujii

The Director and Prof.
Sugiyama

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

Collaborative research 【RIKEN：Dr. Fujii】
Study abroad 【Osaka Univ.：Prof. Nakanishi】

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

Collaborative research 【RIKEN：Dr. Fujii】
Study abroad 【Osaka Univ.：Prof. Nakanishi】

DLR Institute of Engineering 
Thermodynamics: Dr. Seyed Schwan Hosseiny

Study abroad 【Osaka Univ.：Prof. Nakanishi】

DLR Institute of Engineering 
Thermodynamics: Dr. Seyed Schwan Hosseiny

Study abroad 【Osaka Univ.：Prof. Nakanishi】

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

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

Exchanges with 
Embassies
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Outreach Activities
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Exhibited at SCIENCE AGORA 2023 organized by JST
Nov. 18 - 19, 2023, at Telecom Center

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



Table of Contents

1. Project Overview

2. Progress and Results

3. Summary and Future Challenges

32



Support group for social 
implementation

Summary and Future Challenges

33

Candidates for future participating institutions

Technical collaboration under consideration

Establish a four-layered structure

CO2 capture
（DAC）

CO2 enrichment CO2 electrolytic reduction

N company

NC company TY company

M company

S company

A company

T company

UCB

DLR

Summary

Targets

Efforts toward social implementation

Urban DACPLUS-U
Consortium

System integration

We look forward to your participation!

CO2 emission reduction target (per ton of ethylene produced)CO2 throughput 
(kg/y)ScaleFiscal Year

+0.5 ～+1.0 ton25Laboratory2024

±0.0～+0.5 ton250Bench2027

< -0.5 ton
(Carbon negative and 5,000 hours of continuous operation achieved)3,300Pilot2029

The Univ. of Tokyo
Osaka Univ.
RIKEN
UBE Corp.
Shimizu Corp.
Chiyoda Corp. 
Furukawa Electric Co. Ltd.
Maxell, Ltd. 
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END


