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Future Trends in Energy Resources

GAS as an Energy Resource
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The Future Posours Materials

MOF Metal Organic Frameworks

for SEPARATION and STORAGE

of gas and vapor

The properties of MOFs can be 

tailored to a specific application



Functional Nano-pores

R. Matsuda et al., Nature. 2005, 436, 238 R. Matsuda,  H. Sato, A. Hori et. al., Science 2014, 343, 167

CPL-1
Cu-pyrazine-2,3-dicarbxylate-pyrazine

KGM-1
[Cu2(N3-ipa)2]

Acetylene Storage Selective Adsorption of CO

Concentration of acetylene gas with a compression 

limit of 0.2 MPa at 200 times higher density.
Separation of CO and N2 with a lower energy cost





①Cost Reductions for Offshore Wind Power Generation

②Development of Next-Generation Solar Cells

③Large-scale Hydrogen Supply Chain Establishment

④Hydrogen Production through Water Electrolysis Using Power from Renewables

⑤Hydrogen Utilization in Iron and Steelmaking Processes

⑥Fuel Ammonia Supply Chain Establishment

⑦Development of Technology for Producing Raw Materials for Plastics Using CO2 and Other Sources

⑧Development of Technology for Producing Fuel Using CO2, etc.

⑨Development of Technology for Producing Concrete and Cement Using CO2

⑩Development of Technology for CO2 Separation, Capture, etc.

⑪Promotion of Carbon Recycling Using CO2 from Biomanufacturing Technology as a Direct Raw Material

⑫Next-generation Storage Battery and Motor Development

⑬Development of In-vehicle Computing and Simulation Technology for Energy Saving in Electric Vehicles

⑭Smart Mobility Society Construction

⑮Next-generation Digital Infrastructure Construction

⑯Next-generation Aircraft Development：development of hydrogen aircraft

⑰Next-generation Ship Development：hydrogen and ammonia fuels

⑱Development of Negative Emissions Technologies in Agriculture, Forestry, and Fisheries Industries

Where are the huge markets?

14 out of 18 themes are related to GAS
H2、CO2、NH3



▪ This project aims to establish a low-concentration CO2 separation and recovery technology to create and expand CO2 separation and recovery plant research as well as 
separation agent research. In addition, this project aims to create a business model for carbon recycling, including chemical process that utilize CO2 and are not 
dependent on petrochemical raw materials.

▪ This project will develop and verify a CO2 separation and recovery system using a physical adsorption method with innovative separation agents for low-concentration 
CO2 emissions. The separation agents will be improved for low-concentration CO2 by utilizing the characteristics of flexible PCPs (Porous Coordination Polymers, also 
known as MOFs). This project will establish a production-scale manufacturing method for the separation agents and develop a process that matches the material 
characteristics and factory exhaust conditions to establish an energy-saving technology for low-concentration CO2 separation and recovery.

▪ The project will conduct a comprehensive technical verification of the chemical manufacturing technology that utilizes the CO2 recovered by this technology as a raw 
material.

Project Summary

Execution Framework

Project Period

Project Concept

Development of Technology for CO2 Separation, Capture, etc.

Project Scale

Showa Denko, Nippon Steel 

2022~2030

• Project scale: Approximately 8.44 billion yen
• Support scale*: Approximately 7.20 billion yen *Including incentive 

amount. The support scale may change depending on the business 
progress in the stage gate process.

• Subsidy rate, etc.: 9/10 entrusted -> 2/3 subsidy (with 10% incentive 
rate)
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Chemicals

Development of low-concentration CO2 recovery system

Showa Denko, Nippon Steel 

Improvement of the separating agent
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Improve the adsorbent that is currently used for high-concentration 

CO2 recovery so that it can be used in the lower concentration region
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CO2分離回収貯留及び有効利用技術
～脱炭素社会での企業対応/CCS・CCUS/排出量計算

情報機構

Chapter 3 CO2 Separation and Storage Technology

Section 2 CO2 Recovery Technology

Section 2.5 CO2 separation with PCP/MOF

 Nippon Steel Inc. Hiroshi Kajiro Ph.D

Due to the increasing interest in PCPs (MOFs) as a promising material, many MOF-related start-ups have been

established. However, there are also many companies that mainly focus on manufacturing and supplying already-known

PCPs, without any clear differentiation factor. In this chapter, we will introduce four start-ups that possess special

technologies and are expected to play an active role in the future.
（１）MOF Technologies

（２）Mosaic Materials

（３）NuMat Technologies

（４）SyncMOF

SyncMOF
SyncMOF is a MOF start-up launched by Nagoya University in 2019. While many domestic and foreign MOF ventures are

focused on "manufacturing new MOFs," “production of known MOFs using manufacturing capabilities," or “production by

exploring the needs of known MOFs," SyncMOF has a unique technology that enables it to evaluate characteristics through

adsorption measurements, X-ray crystallography, and in-situ analysis of gas adsorption states using Raman spectroscopy,

which cannot be analysed with commercially available equipment. Based on the evaluation and understanding of the

adsorption phenomenon and MOF structure, SyncMOF also conducts precise measurements tailored to the needs of

research institutions and companies and designs and manufactures gas separation devices using MOFs. While basic

evaluation equipment such as adsorption isotherm measurements is commercially available, practical evaluation equipment

for mixed gas and flow-type devices is not yet commercially available. Thus, new start-ups like SyncMOF are expected to

play a significant role in the practical application of MOFs.



SyncMOF coverage

Other SU coverage

MOF selection 

according to the situation

・ Advanced molding

・ The only one in SU that can synthesize 

a ton level.

Only a few types of MOF production and simple 

molding such as pellets

Deviceization and instrumentation 

requiring a variety of specialized know-how

Only possible with us in the world!

1：Selection of MOF 2：Large scale synthesis 3: Design of the device



MOF Filter

DAC system



▪ This project aims to establish a low-concentration CO2 separation and recovery technology to create and expand CO2 separation and recovery plant research as well as 
separation agent research. In addition, this project aims to create a business model for carbon recycling, including chemical process that utilize CO2 and are not 
dependent on petrochemical raw materials.

▪ This project will develop and verify a CO2 separation and recovery system using a physical adsorption method with innovative separation agents for low-concentration 
CO2 emissions. The separation agents will be improved for low-concentration CO2 by utilizing the characteristics of flexible PCPs (Porous Coordination Polymers, also 
known as MOFs). This project will establish a production-scale manufacturing method for the separation agents and develop a process that matches the material 
characteristics and factory exhaust conditions to establish an energy-saving technology for low-concentration CO2 separation and recovery.

▪ The project will conduct a comprehensive technical verification of the chemical manufacturing technology that utilizes the CO2 recovered by this technology as a raw 
material.
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amount. The support scale may change depending on the business 
progress in the stage gate process.

• Subsidy rate, etc.: 9/10 entrusted -> 2/3 subsidy (with 10% incentive 
rate)

Nippon 

Steel

Showa 

Denko

CO2 recovery 

from factory

Licence from Nippon 

steel and Showa Denko

User

Chemical 

manufact

-urer

CO2 recovery from 

factory

Chemical Plants

C
O

2

C
O

2

CO2

S
e
p
a
ra

tin
g
 a

g
e
n
tsS

e
p
a
ra

tin
g
 a

g
e
n
ts

P
la

n
t

S
e
p
a
ra

tin
g
 a

g
e
n
ts

Chemicals

Development of low-concentration CO2 recovery system

Showa Denko, Nippon Steel 

Improvement of the separating agent

Target 

concentration
Current functional 

concentration

Shit the functional 

concentration to a 

lower concentration 

region

Conventional material

(Zeolites)

Flexible MOF

Development of 

CO2 recovery 

process

Development of mass 

production technology for 

the separating agent

Improve the adsorbent that is currently used for high-concentration 

CO2 recovery so that it can be used in the lower concentration region

S
e

p
a

ra
ti

o
n

 C
o

s
t

CO2 concentration

Pilot Experiment

Exhaust

Pre-

treatment

Adsorbent

Non CO2

gas (N2, 

O2)

CO2

Chemical processes utilizing CO2 as starting material 

will also be developed

※Bold: Executive companies



Strictly Confidential
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Metal ion Organic ligand
MOF

Conventional Adsorbent Flexible MOF

Flexible MOFs are energetically efficient



Strictly Confidential

Pellet Filters

Shaping of MOFs

Palletisation inhibits adsorption capacity of flexible MOF



Dr. Hirotoshi Sakamoto

Sample Stage
PSA device



Gas

X-ray

Ditector

Automatic pressure swing device

Gas inlet temperature 

control sample holder



Strictly Confidential
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MOF that selectively adsorbs CO2 while flexibly transforming its structure

CO2 and N2 adsorption isotherm in MOF filter

No inhibition in uptake capacity



TOYOTA TSUSHO CORPORATION

MOFs capable of adsorbing, separating, and storing 

gases and vapors with high efficiency

Storage and separation of gasses like CO2

By utilizing a new porous material MOF, it is possible to 

extract and store large quantities of the target gas from 

the mixture. For example, it is easy to selective recovery 

of CO2 from the air or exhaust gases, or storage of large 

amounts of hydrogen or volatile gases.



Nihon Keizai Shimbun Inc.



『 Profits are generated by social contributions. 』

Secret Activities at SyncMOF

Good Design Award 2021
「GREEN WORK HAKUBA」



We donated the CO2 trraping MOF to Hakuba village



We donated the CO2 trraping MOF to Hakuba village



CO2 recovery by Hakuba village citizens
「技術のチカラ presented by SyncMOF」Sponcers：Nagoya University COI-NEXT etc.

We donated the CO2 trraping MOF to Hakuba village



Syllego（シレーゴ）：ギリシャ語で「取る」
SyncMOFのMOFで走りながらGo、CO2を取る

CO2 Capture System with MOF

CO2 recovery by Hakuba village citizens
「技術のチカラ presented by SyncMOF」Sponcers：Nagoya University COI-NEXT etc.



（CTO）

Important point

Enjoy

with no Pressure!



Secret Activities at SyncMOF



NEX工業



LEEP SUMMIT



Promoting entrepreneurship educations at several sites (University of Tokyo, Nagoya 

University, Toyohashi University of Technology, Nada High School, Seifu Nankai High School, 

Mishima Kita High School, Kawaijuku, etc.)

Secret Activities at SyncMOF



JST COI-NEXT



Global activites-1： Lectured at "GLOBAL START_UP CONNECTION" hosted by METI

The only selection from J-STARTUP CENTRAL



Global activites-2： Speaker at "The Energy Crisis: Decarbonization and 

Geopolitics" organized by the MOFA



Global activites-3： Introducing Gas Separation and Storage Systems Using 

MOF at the G7 Hiroshima Summit G7 HIROSHIMA SUMMIT 2023 (g7imc.jp)HP：

https://g7imc.jp/exhibition/074/index.html


Global activites-4： Global Internship Event at Hakuba

Students came from all over the world (the University of Washington, Johns Hopkins 

University, and the University of Tokyo)
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