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Foundation : June 20th, 2019
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Future Trends in Energy Resources

GAS as an Energy Resource
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Functional Nano-pores ) syncmor

Acetylene Storage Selective Adsorption of CO

Cu-pyrazine-2,3-dicarbxylate-pyrazine [Cu,(Ns-ipa),]

A Reactive Site on the Pore Surface
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Concentration of acetylene gas with a compression

Separation of CO and N, with a lower energy cost
limit of 0.2 MPa at 200 times higher density. P 2 9y

R. Matsuda et al., Nature. 2005, 436, 238 R. Matsuda, H. Sato, A. Hori et. al., Science 2014, 343, 167
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Where are the huge markets?

(D Cost Reductions for Offshore Wind Power Generation

3 . N -
@Development of Next-Generation Solar Cells IGV—M/R—>aVvB&
B Large-scale Hydrogen Supply Chain Establishment
@Hydrogen Production through Water Electrolysis Using Power from Renewables
®Hydrogen Utilization in Iron and Steelmaking Processes
®Fuel Ammonia Supply Chain Establishment
@Development of Technology for Producing Raw Materials for Plastics Using CO, and Other Sources
Development of Technology for Producmg Fuel Using CO2, etc.

nt Using CO,

arbon Recycling Using CO,, from |omanu acturlng Technology as a Direct Raw Material
@Next-generation Storage Battery and Motor Development
@Development of In-vehicle Computing and Simulation Technology for Energy Saving in Electric Vehicles
@Smart Mobility Society Construction
@Next-generation Digital Infrastructure Construction
@®Next-generation Aircraft Development : development of hydrogen aircraft
@Next-generation Ship Development : hydrogen and ammonia fuels
@Development of Negative Emissions Technologies in Agriculture, Forestry, and Fisheries Industries

14 out of 18 themes are related to GAS
H,. CO,. NH,




Development of Technology for CO, Separation, Capture, etc.

Project Summary ~\
= 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 CO, separation and recovery system using a physical adsorption method with innovative separation agents for low-concentration
CO, 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 CO, separation and recovery.
= The project will conduct a comprehensive technical verification of the chemical manufacturing technology that utilizes the CO, recovered by this technology as a raw
material.
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* 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

Development of low-concentration CO2 recovery system

Improvement of the separating agent
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Chapter 3 CO, Separation and Storage Technology
Section 2 CO, Recovery Technology
Section 2.5 CO, 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)|SyncMOH|

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.
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Development of Technology for CO, Separation, Capture, etc.

Project Summary

dependent on petrochemical raw materials.

material.

= This project aims to establish a low-concentration CO, separation and recovery technology to create and expand CO, 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 CO, and are not

= This project will develop and verify a CO, separation and recovery system using a physical adsorption method with innovative separation agents for low-concentration
CO, emissions. The separation agents will be improved for low-concentration CO, 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 CO, separation and recovery.

= The project will conduct a comprehensive technical verification of the chemical manufacturing technology that utilizes the CO, recovered by this technology as a raw
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Flexible MOFs are energetically efficient

Q SyncMOF

Strictly Confidential
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Pressure
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Shaping of MOFs

Pellet

Palletisation inhibits adsorption capacity of flexible MOF




Q SyncMOF  PSA device

Sample Stage

Dr. Hirotoshi Sakamoto
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MOF that selectively adsorbs CO, while flexibly transforming its structure

CO, and N, adsorption isotherm in MOF filter
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Amount Adsorbed [mL/g]
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No inhibition in uptake capacity
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MOFs capable of adsorbing, separating, and storing
gases and vapors with high efficiency

Storage and separation of gasses like CO,

By utilizing a new porous material MOF, it is possible to IMOF) Qist%
extract and store large quantities of the target gas from Bl TESHLES
the mixture. For example, it is easy to selective recovery
of CO, from the air or exhaust gases, or storage of large
amounts of hydrogen or volatile gases.
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Secret Activities at SyncMOF ) syncmor
[ Profits are generated by social contributions. |
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We donated the CO, trraping MOF to Hakuba village
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We donated the CO, trraping MOF to Hakuba village

e 1Xe

Google =
HAKUBA VILLAGE 0 9 0\

Change font size Q #  Change background color O =} G=EEx

Agriculture,
. . commercialconstructior .
car@renting/EducationSpol ) (IT ndscape/environmentalto
and bidding

industrial

Health and
welfare

Administrative = Hometown migration
information tax settlement

Living/Procedures

home > Administrative site > Search by organization > General Affairs Division > Announcements, events, radio announcements, etc.
> Unveiling of "MOF" capable of recovering CO2 from the atmosphere

Unveiling of "MOF" capable of
N recovering CO2 from the N
atmosphere

Announcements, events, radio

announcements, etc.

Shinshu fire brigade member
support shop registration store
recruitment

New items using "MOF" will be introduced at the event!

Please help spread the word about
the Ordinance for Protecting
Beautiful Villages and Comfortable

A new item that utilizes "MOF (Metal Organic Framework)", a cutting-edge material that is attracting
attention as a CO2 recovery agent in the atmosphere, donated to Hakuba Village by SyncMOF Co.,
Ltd. in December last year. It will be introduced in the Happo-one event. An unveiling party will be held as
an event for kids technology selection "The power of technology, the potential of MOF donated to Hakuba". Living_Environments (commonly
On the day of the event, Akihiro Hori, the founder of SyncMOF Co., Ltd., will participate in a talk session on known as the Ordinance on

the inheritance of ski and snowboard culture, environmental preservation, and the potential of the "MOF" Manners)
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We donated the CO, trraping MOF to Hakuba village

USAGIDAIRA TERRACE
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CO, recovery by Hakuba village citizens
[ $4it7dDF 13> presented by SyncMOF] Sponcers : Nagoya University COI-NEXT etc.
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CO, recovery by Hakuba village citizens
[ 5t F 73> presented by SyncMOF] Sponcers : Nagoya University COI-NEXT etc.
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Secret Activities at SyncMOF
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Secret Activities at SyncMOF ) syncmoF

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, Kaw
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Global activites-1 : Lectured at "GLOBAL START_UP CONNECTION" hosted by METI stncMo’__
The only selection from J-STARTUP CENTRAL

a SRS

Ministry of Economy, Trade and Industry

GLOBAL

START_UP
CONNECTION

— J-Startups for NET ZERO -

JETRO

Japan External Trade Organization
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Global activites-2 : Speaker at "The Energy Crisis: Decarbonization and

Geopolitics" organized by the MOFA
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Global activites-3 : Introducing Gas Separation and Storage Systems Using st,,cMo,.-
MOF at the G7 Hiroshima Summit HP : G7 HIROSHIMA SUMMIT 2023 (g7imc.jp)

l"

2023 j - i
\ HIR@SHIVA ! | Beay G7EETEE M
- SUMMIT x,&%ﬁﬂf; _4 |

£
&

*i:
E
g
&
g
i
ﬁ

@
&
I
&l

Eﬁﬁ%ﬁﬁ%m@@?@'ﬂ@g



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

Global activites-4 : Global Internship Event at Hakuba stncMor

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