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Why?

What?

Syngas (CO and H2) is a crucial intermediate in the chemical
industry (Figure 1). It is commonly obtained via steam reforming of
natural gas and it can be converted into a wide range of chemicals
or used as a source of pure H2.
The large reliance on natural gas has led to an interest in renewable
alternatives, including biogas resulting from anaerobic digestion of
organic matter (Figure 2).

Optimising the thermo-catalytic reforming of biogas involves a
trade-off between conflicting parameters, e.g. minimum energy
input and maximum hydrogen production.
A Multi Criteria Decision Model (MCDM) based on
thermodynamic data for the mixed-reforming of biogas has
been developed (CH4/CO2/O2/H2O).
Its results have to be validated through experimental data,
using powder catalysts prepared in our lab (Figure 4, 5 and 6).

Figure1 – Utilization of Syngas produced via natural gas/biogas

The second part of the project focuses on the plasma-catalytic
conversion of biogas into syngas and a series of other chemicals
(C2-C6, oxygenates, etc), which is driven by an electric discharge.
The integration with wind power is under exam.

Figure3 – Wind power

Figure4 – Experymental rig

Figure5 – Thermal reactor design

Table1 – Results from the MCDM model

Table1 – Feed to the MCDM model

FEED

CO2/CH4

O2/CH4 H2O/CH4

RESULTS

CH4/CO2/O2/H2O

T(°C)

Case1(Biogas)

0.67

0-10

0-10

Case1

1/0.67/0/5.714

609.54

Case2(Natural gas)

0

0-10

0-10

Case2

1/0/0/5

591.83

Biogas can be exploited to produce
syngas
as
efficiently
as
methane/natural
gas
over
an
effective
range
of
operating
conditions (Table 1, 2, Figure 10).

xCH4 (%)

Aspen Plus v7.3 was used to simulate different reforming processes
via minimization of Gibbs free energy (Figure 8). The results from
the thermodynamic modelling were subjected to two multi criteria
decision making techniques in series using Matlab (Figure 9): the
Entropy method and the TOPSIS method. Optimum conditions were
identified by minimizing cost parameters (yCH4, yCO2, yCOKE,
Temperature, Energy input) and maximizing benefit parameters
(yCO, yH2, LHV-based efficiency).
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Figure11 – Activity tests

LaNiO3, LaNixCe1-xO3 and LaNixAl1-xO3
perovskites were prepared through a modified
Sol-Gel method (Pechini method) and tested
during the thermo-catalytic reforming of biogas
(Figure 10).

LaNi0.8Ce0.2O3
exhibits
an
activity close to the equilibrium
value and comparable to that
of a commercial catalyst
(7%Ni/Al2O3(JM)) (Figure 11)
The DBD plasma system is
being
optimized,
i.e.
electromagnetic
shielding
(Figure 11)

Figure11 – DBD plasma system
Figure10 – Catalysts preparation

case_2

Figure10 – Syngas composition from the
MCDM model

Equilibrium

Figure9 – MCDM results
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Figure8 – ASPEN plus simulations

Figure7 – DBD reactor

Results?

Figure2 – Biogas utilization pathways

How?

Figure6 – Powder
catalyst

The plasma system under exam is the
Dielectric Barrier Discharge (DBD) (Figure 7),
which has the following properties:
- Temperature≈Temperatureroom;
- Flexible and inexpensive;
- Synergistic effect between plasma and
solid catalyst;
- Oxidative
character
towards
soot
precursors;
- Low energy input;
- Near-instantaneous response.
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The first part of the project deals with the assessment of biogas as a
substitute of natural gas in the thermo-catalytic conversion into
syngas.

