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2.Methodology: thermodynamic analysis

1.Introduction: biogas exploitation roadmap
Heat & Power (ICE)
- CO2, H2S scrubbing
- Surplus energy exploitation (i.e.
wind)
H2O→H2+O2 (water electrolysis)
CO2+H2 →CH4+H2O (Sabatier)
Gasoline, diesel, methanol (FT process)

Aim: find the optimal theoretical conditions for biogas reforming to syngas in thermocatalytic systems, using thermodynamic simulations (ASPEN Plus), Multi Criteria
Decision Making (MCDM) techniques and Particle Swarm Optimization algorithm (PSO)

Heat & Power (Fuel Cell)
Syngas (CO + H2) is the required feedstock

2.Experimental: kinetic analysis (ongoing)
ASPEN Plus model for the reforming reactions

Aims:
 Novel catalysts preparation (Ni@SiO2 core@shell, LaNiO3 perovskite);
 Catalysts testing in the thermo-catalytic system;
 Kinetic modelling of simulated biogas reforming reactions.

Structure of an ideal perovskite A2+B4+X3
with X=O2- (left hand side A2+ in origin; right
hand side B4+ in origin) [1]

Schematic of the MCDM model

Catalyst preparation

Different core-shell nanostructures: a) core
with modified surface and attached
nanoparticles; b) particle a after reduction
of metal species on its surface [2]

Experimental rig set-up

Thermo-catalytic reactor configuration

Outcomes:
 Understanding of the mechanism of reaction;
 Validation of the MCDM+PSO modelling;
 Actual best-case scenarios for biogas
reforming reactions (optimized system).

Example of multi-criteria analysis

Block diagram of the complete model

3.Experimental: plasma system development (ongoing)

Outcomes:
 Theoretical best-case scenarios for biogas reforming
reactions;
 Energy involved with each process.

4.Final assessment (ongoing)
Targets and future work:

Aims:
 Optimal power supply analysis (pulsed vs AC);
 Catalyst preparation and testing (LaNiO3@SiO2);
 Development of correlations between plasma/catalyst parameters;
 Development of apparent rates of reaction.

 Compare the performances of the plasma-catalytic and the optimized
thermo-catalytic systems for biogas reforming;
 Spectroscopic analysis at Diamond Light Source (Synchrotron in the
Oxfordshire);
 Running experiments using real biogas (H2S in the feed);
Plasma-induced reactions

 Scale-up of the plasma-catalytic system to meet industrial
applications (liquid fuel and hydrogen production).
DBD plasma characteristics:
• Non-thermal plasma (T≈Troom);
• Low-energy requirements;
• Product distribution far from thermodynamic;
• Oxidative character towards soot precursors;
• No sulphur poisoning;
• Near-instantaneous response;
• Small-sized reactor.

Plasma: the 4th state of matter

Outcomes (current challenges in the field):
 Better understanding of plasma chemistry
and synergistic effect with catalyst;
 Maximization of energy efficiency for
industrial application.
Dielectric Barrier Discharge (DBD)
plasma configuration with a solid
catalyst

DBD plasma-catalytic reactor snapshots
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