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Background

Trade-offs

+ Membrane properties: Permeance vs. Selectivity
+ Specifications: CO, product purity vs. Capture Ratio
+ Cost: Energy vs. Membrane area

+ Multi-stage systems required for post-combustion capture to 95% product
purity.
+ For multi-stage process the design complexity increases.

+ Identifying the “best” configuration and membrane properties is not
straight-forward.
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Parametric variation based design
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Optimization based design
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Motivation for new approach

Would it be possible to develop a visual design methodology:
+ multiple stages can be designed using a single figure?
* indicates the potential of a membrane for different applications?
+ visually compare membranes?
+ capture cost is incorporated to accurately reflect the area-energy trade-off?
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The power of visual
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John Snow - Cholera “infographic”
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Attainable region - Effect of selectivity
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Attainable region - Effect of selectivity
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Attainable region - Effect of selectivity
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Attainable region - Effect of permeance
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Attainable region - Effect of permeance

—
V —

N/ /
I/ /
|

- /

03 /

0.2 /

— ( )
//—/
0.1 0.2 03 0.4 05
oooooooooooooo

SINTEF



Attainable region - Example

Permeate/Retentate purity

CCR =90%

O, product purity.
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Min Cost Design - Membrane 1
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Min Cost Design - Membranes 1 & 2
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Attainable Region - 2 stage design
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Attainable Region - 2 stage design
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Attainable Region - 2 stage design

CCR =90%
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New paradigm of process design

+ Current material development strategies
— Development and further improvement based on “educated guess” target
properties
— No systematic benchmarking before development
— Different target properties and material development strategies

* Integrated techno-economic assessment to guide material development

— ldentify target characteristics (properties, costs, etc.)
— Guide further development of existing materials
— Benefits

» Reduction of development cost

» Faster time to market
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The storyline
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The storyline
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The storyline
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The storyline
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The storyline

Case and system characteristics
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The storyline
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The storyline
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The storyline
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W 90% CCR for membrane A (S50 and P5.94)
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The storyline
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The storyline
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The storyline
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Summary

* Integrated techno-economic assessments can be used to accelerate
membrane materials development for cost-effective CO, capture
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Summary

* Integrated techno-economic assessments can be used to accelerate
membrane materials development for cost-effective CO, capture

— ldentify target characteristics and guide further development of existing materials

— Help reduce development costs and reach faster time to market

— Help industry and funding bodies to support best strategies for membrane
development

+ The methodology has received positive feedback

+ Further work
— Extension of the methodology to other membrane applications (Hydrogen,
Biogas, Natural gas...)
— Extension of the methodology to other types of technologies
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