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HEPP — High Efficiency Power to Gas Plant

Demonstrator
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The Solution: «Defossilisation»
Renewable Energy Carriers & Power-to-Gas e,
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Power-to-Gas O

...and its limitations in Thermodynamics & Chemistry!
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Baier, Schneider, Heel, (2018) A Cost Estimation for CO2 Reduction and Reuse by Methanation from Cement Industry Sources in
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Power-to-Gas O

...and its limitations in Thermodynamics & Chemistry!

Conventinal engineering approach Smart Material Approach

Additional plants for separation, purification, etc. SmartCat
Lifetime » & Efficiency 2
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SmartCat: Lifetime & Degradation OOST

Catalytic active phase
» e.g. Ni, Pt, Pd, Ru, Co, Fe, etc.
* Niis a good methanation catalyst Catalytic active phase
« Niis highly selective towards CH, | Sean
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Catalyst support - Clean off
« functional material -> Al,O;
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«  SMART material

« ABOs; Perovskite SmartCat | > Self-Regeneration
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SmartCat: Performance & Efficiency OST
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Catalytic active phase
» e.g. Ni, Pt, Pd, Ru, Co, Fe, etc.
* Niis a good methanation catalyst
* Niis highly selective towards CH,4
* Niis reasonably cheap...
* Niis sensitive to Sulfur

- ) | Acts like a «sponge» for H,O

CO, +4H, + CHy+2H,0+CO+) CH,
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Catalyst support
« functional material -> Al,O;

\ \

«  SMART material

o AlsgSij3403g4 Zeolite SmartCat Il - Sorption Enhanced

Delmelle, Duarte, Borgschulte, Heel, et al. 2016. Development of improved nickel catalysts for sorption enhanced CO2 methanation. International Journal of Hydrogen Energy 41(44): 20185-20191. 10.1016/].ijhydene.2016.09.045

Delmelle, Terreni, Heel, Borgschulte et al. 2018. Evolution of Water Diffusion in a Sorption-Enhanced Methanation Catalyst." Catalysts 8(9): 341. 10.3390/catal8090341
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SmartCat -

Operando Analysis - Neutron Scattering Image Analysis e,

100% H. conversion & CO, conversion
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Borgschulte, Delmelle, Duarte, Heel et al. (2016). Water distribution in a sorption enhanced methanation reactor by time resolved neutron imaging. DOI: 10.1039/c5cp07686b
Delmelle, Duarte, Franken, Burnat, Holzer, Borgschulte, Heel (2016). Development of improved nickel catalysts for sorption enhanced CO2 methanation. DOI: 10.1016/j.jhydene.2016.09.045
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The Innovation

Boosting the Efficiency & Sustainability

© SmartCat
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*  Thermodynamic limitation

Innovative SmartCat
 No ,limitation”
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Industrialisiation O

Automatisation & Scale-Up

Gasnetz «— CH, +
Industrial implementation partner
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From SmartCat to SmartHife? OOST

SmartHife?

Cheap
Environmental-friendly
Less sensitive to S

State of the Art; Ni

Carcinogen
Hazardous
Sulfur sensititve

IET@OST

idea

2015... > 2020 2021 2021 - 2023

B UMTEC | Prof. Dr. Andre Heel | Our Vision — Zero Emission

SmartCat SmartCat BFE
l’ limplemented lSmartHife2
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SmartCat Technology Il
Catalytic Poisoning from H,S
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Bioprocesses
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Sulfur Poisoning

Regeneration LST355-5Ni

Severe effect of sulfur on catalytic activity observed
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Steiger, Bumnat, Ferri, Heel et al. : ChemSusChem 10, 2505-2517, doi:10.1002/cssc.201700358 (2017).
. L Burnat, Kontic, Holzer, Steiger Ferri, Heel: Journal of Materials Chemistry A 4, 11939-11948, doi:10.1039/c6ta03417a (2016).
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Bioprocesses

Sulfur Poisoning

Regeneration LST355-5Ni

OST

Ostschweizer
Fachhochschule

Severe effect of sulfur on catalytic activity observed

Almost complete regeneration after 1. redox cycle

o Oxidation
° —_—)
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Steiger, Bumnat, Ferri, Heel et al. : ChemSusChem 10, 2505-2517, doi:10.1002/cssc.201700358 (2017).
Burnat, Kontic, Holzer, Steiger Ferri, Heel: Journal of Materials Chemistry A 4, 11939-11948, doi:10.1039/c6ta03417a (2016).
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Regeneration LST355-5Ni

Severe effect of sulfur on catalytic activity observed

. Samples pre reduced 800C/1h
Almost complete regeneration after 1. redox cycle
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Steiger, Bumnat, Ferri, Heel et al. : ChemSusChem 10, 2505-2517, doi:10.1002/cssc.201700358 (2017).
. L Burnat, Kontic, Holzer, Steiger Ferri, Heel: Journal of Materials Chemistry A 4, 11939-11948, doi:10.1039/c6ta03417a (2016).
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SmartCat Conventional
Suitable for accessing critical gas compositions
l with strong gas contaminants or
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