
1UMTEC  |   S. Mizuno |  Our Vision – Zero Emission

Sorption Enhanced Methanation: a novel
Biogas upgrade concept
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Biogas Scenario x Potential

Biogas production in Switzerland:

~4900 TJ
2016

• 24 % - Electricity
• 33 % - CHP / Industrial burners
• 20 % - Upgraded to Biomethane

• 23% handling/parasitic heat losses

Biogas produced from waste usage:
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Biogas Scenario x Potential

Biogas production in Switzerland:

~8000 TJ
2050

Is expected a production of ~8000 TJ by 2050 

Swiss gas industry new goal: increase the use of renewable 
methane/biogas in the heating market up to 30% in 2030

How to achieve this goal?
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Exploring the ideal scenario

31400 TJ

Total Theoretical
Potential

Biogas production in Switzerland:

 Losses could be about 7000 TJ !!!!

Energy wasted would be enough to supply 400000 Swiss households
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Exploring the full potential scenario

31400 TJ

Total Theoretical
Potential

Biogas production in Switzerland:

 Losses could be about 7000 TJ !!!!

How to decrease the losses and expand biogas use
in the heat market?
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Why upgrade biogas?

Biowaste

CHP unit

Digestors Raw Biogas

Electricity
Heat

Grid

Raw biogas cannot be directly fed into the grid

Most of the energy losses are associated with CHP units
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Why upgrade is needed?

Biowaste

CHP unit

Digestors Raw Biogas

Electricity
Heat

Grid

Expansion of biogas use in the domestic heat market

Investments in Upgrading/Cleaning are needed

Upgrading /
Cleaning
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Biogas upgrading technologies

Upgrading /
Cleaning

CO2 Removal / Separation

CO2 Valorization (PtX)

• Pressure Swing Adsorption (PSA)
• Scrubbing
• Cryogeny
• Membrane separation

• Conventional Methanation

• Sorption Enhanced Methanation (SEM)
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Conventional methanation – Sabatier reaction

CO2 + 4 H2

Electrolyzer

Nickel-based
Catalyst

CH4 + 2H2O

Grid

Cleaning
~100% CH4

~80% CH4

Expensive purification step needed!

Support

C
O

O

H H

Ni

CO2 + 4 H2 ↔ CH4 + 2 H2O
Sabatier reaction

CO2 + H2 ↔ CO + H2O
Reverse water-gas shift

At atomic level…

Unfortunally this is real world not
Wonderland…

~80% CH4
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Sorption Enhanced Methanation - SmartCat

SmartCat
Smart Catalyst

Nickel - Zeolite

Ni

Ni

Ni

Ni
Ni

Ni

Ni

Ni
Ni

Ni

Ni
Ni
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CO2 + 4 H2 ↔ CH4 + 2 H2O

100% Biomethane & no byproducts!

High Efficiency Conventional

Cheshire Cat
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Conventional x SEM technology

SmartCat*

*Suported by BFE PN: SSI/501130 (2014-2018)

Time resolved neutron imaging

H2+CO2 +CH4+H2O

Sorption
SEM Conventional

CO2 + 4 H2

CH4

SmartCat «catches» the water shifting 
the reaction to the product side with

100 % CO2 Conversion

H2O
H2O

H2O

H2O H2O

COCO2 H2

• 100% CO2 conversion
• 100% selectivity to CH4
• No secondary products (CO, CxHy)



12UMTEC  |   S. Mizuno |  Our Vision – Zero Emission

From the Lab to Industry – SmartCat developments

GASEM* project

Twin-reactors equipped with      MEMS sensors

Simultaneous
Methanation and Regeneration

*Supported by FOGA & Forschungsfonds Aargau. PN: 0406

99%
97%

Automated SEM unit (twin-system) allows
continuous production of high quality

biomethane (99-97%)

Sensor triggers the reactor switch
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From the Lab to Industry – Let’s scale up!

New reactor design “hotspots-free”
(Patent submitted)Methanation results in gas composition versus time.

Catalyst: Ni13X. Conditions: T=300°C, 1bar, GHSV~ 100
h-1

~97% CH4

10 L reactor developed with our partner Fluitec Innovative reactor with accurate
temperature control (ΔT<5K)

«Industry-ready»
Scalable up to D=2 m Testing the SmartCat under 

realistic conditions
Better understanding of operational 

parameters
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Perspective

From the LAB to Industry

SmartCat technology status …

Material is
functional

Installation site

Process development:

AUTOMATION + HIGH EFFICIENCY

Twin-reactor
system Hotspot-free

reactor

HEPP

*In parallell: development of Nickel-free materials (enviromental friendly Iron-based materials)

SmartHife2
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THANK YOU FOR YOUR ATTENTION!!!

Advanced Materials and Processes group

We AMPlify you.
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