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Technical CCUS
A potentially carbon-negative cycle to meet fluctuating
energy demands
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Renewable Renewable Electricity/
electricity electricity high-T processes
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Technical-scientific
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Selective sorbents for Direct Air Capture of CO,

Standard silica-gel adsorbents

Fast degradation
High water sorption
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Hybrid grafting strategy

N 2-amino-C18
A | ewatit

C0,/H,0 selectivity (mol/mol)
o
)

2-amino

0 L] L] L] L] L] L]
_ 20 30 40 50 60 70 80
Slow degradation

Low water sorption Relative humidity (%)

Ziemianski et al. 2025, ACS Applied Materials & Interfaces



Co-electrolysis of CO, and water into methane?

High selectivity for CH, over H, and CO difficult to achieve

Cu catalysts appears most promising, but poor reproduciblity of literature

Single atom Cu catalysts on carbon substrates developed within SCENE
High efficiency for CO production over HER — continued in BFE SWEET ReFuel.ch
= CH, selectivity of up to ~30% achieved only in last year of project



Methane pyrolysis

H, = Conversion of methane into solid
carbon (for applications and/or
sequestration and H, (for energetic

Plasma: use).

Solid carbon, = Thermochemical decomposition

Incl. Carbon Black (CB) . lativelv high t t
Thermochemical- requires relatively hignh temperatures

Carbon nanotubes (CNT) and energy inpUtS-

= Plasma-based methods only bring up
CH the electron-temperature of the gas
4 and are potentially more effective.

Natural Gas

Biomethane

e-methane




Methane pyrolysis

Current commercial plants projects on Methane Pyrolysis. Plasma technologies are represented in green,
thermal technologies in blue, and thermo-catalytic in purple. de Cataldo et al. 2025.



100 kW plasma plyrolysis plant at VZug providing H, for
the enameling ovens to decarbonize process heat

Verein zur Dekarbonisierung der Industrie
www.vzdi.ch/
Scheduled full operation: Q3/Q4 2026
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Methane pyrolysis — SCENE Activities

= Carbon particle tracking in the plasma = Solid-gas separation: >99% retention

= Response surface modeling = PAH content reduction

Facas et al. 2025, International Journal of Hydrogen Energy. Facas et al. 2026, Energy and Fuels 11



Catalytic pyrolysis of CH, into carbon nanotubes and H,

1. The Pd/MgO catalyst achieved a 10x carbon productivity.
2. Inthe gas products, the H, selectivity exceeded 97%.
3. Carbon nanotubes were the predominant solid product.

Our work

\

Pan et al. 2025, Physical Chemistry Chemical Physics
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Storage in construction materials

= The large volume of concrete/asphalt is an exceptional reservoir for carbon storage.
= How much carbon can be added without a significant penalty in performance?
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Wyrzykowski et al. 2024 & Grossegger et al. 2025
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