Development and commercialization of nano-porous ceramic membranes

for future carbon neutral chemical processes
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1. Background Downsizing & Reducing Energy Consumption
by improving performance of nano-porous ceramic membranes

l Huge & Energy Intenslve Process ] » | High efficiency molecules separation
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Compact membrane system
for onsite or onboard
carbon neutral (CN) usage
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Expansion of membrane applications
by improving stability

because of lack of stability

< Chemical Industry >

Huge & energy Intensive -> Massive release of CO,
* Little has changed for over half a century

< Computer Industry >
* Significant downsizing and energy saving
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[eSep Mission]
Significant downsizing and energy saving
in chemical (mainly reaction & separation) industry
(Future) High-efficient separation by
nano-porous ceramic membrane
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Downsizing for onsite usage

2. Core Technology & Business (nano-porous ceramic membranes)

* Nano-porous ceramic membranes
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Membrane Elements  Membrane Module
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Nano-porous membrane
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Technology platform for nano-porous ceramic membranes

| Customers |
development
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maintenance
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Platform of Technology
Devel. Team (Scientists and Engine
Development Infrastructure (Laboratories, Pilot Facilities, and Simulator)

* Optimization of
system operation
etc.

smile by
easy, eco, and cfficient
separation

Y
3)

Total solutions from R&D to engineering for customers
to realize carbon neutral chemical processes

3. R&D
[eSep Vision ]

Carbon neutral (CN) initiatives led by eSep
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)Chemical solvent recycling

Chemicals D
CN methanol

H, carrier

* Fuel cell

* Hydrogen Engine
* Other on-site hydrogen usage

Green H,

€0, conversion to

useful chemicals

Development of small-scale demonstration facilities of carbon neutral chemical processes
at Keihanna Open Innovation Center @ Kyoto(KICK)

eSep Head Office
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Manufacturing of
nano-porous ceramic
membranes

Demonstration facilities
(under construction)
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@ Chemical solvent recycling

<Now >
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Chemical solvent
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* Massive release of CO2 due to the burning and disposal of chemical solvents
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* Significant reduction of CO2 emissions through highly efficient recycling of chemical solvents

[Milestone /Schedule]
Step 1 (2022-2023): Construction of experimental facilities

Step 2 (2023-2024): Small-scale demonstration

Step 3 (2025-): Demonstration of developed carbon neutral process/product at Osaka(Keihanna) EXPO
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One pass yield: less than 20% One pass yield: >75% (Now) ,90% (Future target)

Revitalization of forestry
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