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MOTIVIATION

The current challenges of energy saving and reduction of CO, emissions must deal with the significant growth of energy demand. Hydrogen is a promising energy carrier
that can replace fossil fuels in power generation and transportation, drastically reducing local pollution and CO, emission. In order to have a sustainable hydrogen
economy, conventional production processes based on natural gas steam reforming have to be replaced with alternative production systems relying on renewable energy
sources. The BIONICO project uses biogas, obtained by anaerobic digestion of residual biomass or other waste material, as a renewable source for green hydrogen
production. Direct conversion of biogas to pure hydrogen can be achieved in a single step, thanks to the introduction of a membrane reactor, resulting in a strong decrease

of volumes and auxiliary heat management units.

HYDROGEN PRODUCTION SYSTEMS
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ant are modelled in Aspen Plus®, where mass and energy balances are solved; all the modelled reactors (SMR,
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uilibrium determined through Gibbs free energy
nydrogen production of 100 kg/day with a purity of

unit (e.g. based on active carbon) upstream the

reforming system in order to avoid poisoning of both catalysts and membranes. This step is not shown in the layout being neutral to the purpose of the work and common
to all the configurations. The auxiliary values adopted for the BoP result from benchmark technologies, typical O&M specifications, requirements for the materials.
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MEMBRANE CHARACTERISTICS

units values

m 0.014

The ceramic supported membranes are integrated in a autothermal reforming reactor (ATR-MR). The
investigated layout adopt a vacuum pump in order to reduce the hydrogen partial pressure on the permeate

side. Thanks to the choice of the vacuum pump, instead of a sweep gas, the total required membrane area will m 0.45

be lower. The reactor operating temperature for the reference case is assumed up to 550-600 °C, in order to - 0.5

preserve the membranes lifetime. kJ/mol 10
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RESULTS & CONCLUSIONS

The main simulations results show that the BIONICO system efficiency (69.2%) is about 25% and 17% higher with respect to ATR and SMR cases respectively. This record
efficiency is reached at a much lower temperature with respect to SMR and ATR thanks to the use of the CMR that allows for hydrogen production and separation in a single
step, moving the equilibrium of the reactions towards the products.
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