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Abstract:

Hydrogen (H>) is a promising clean and sustainable energy carrier that could potentially replace
fossil energy carriers. It can play a crucial role in energy strategies, providing energy for passenger
and freight vehicles as well as for power generation, to enable near-zero emissions in industrial
processes (e.g. distributed power, combined heat and power). H> is commercially produced via
electrolysis or thermochemical processes which are both highly energy-intensive and are responsible
for the emission of atmospheric greenhouse gases. Therefore, environmentally friendly H»
technologies with little energy consumption are needed. Electrohydrogenesis in microbial
electrolysis cells (MECs) can yield more H» than thermochemical processes and is more energy
efficient than electrolysis. Reactor configuration is an important consideration for electrochemical
reactions and mass transfer in MECs. In this study, fed batch single- and dual-chamber MECs were
operated to compare differences in the electrohydrogenesis performance at 0.8 V applied voltage and
hydraulic retention time (HRT) of 48 h. The inoculum used was anaerobic granular sludge from a
large-scale upflow anaerobic sequential batch reactor treating fruit processing wastewater. Results
showed that current intensity, current density, COD removal efficiency, and H> production rate were
higher in the dual-chamber MEC than in the single-chamber configuration. Electromethanogenesis



and homoacetogenesis scavenged the H> from electrohydrogenesis thus reducing H» generation, as
demonstrated by cathodic efficiencies less than 10% in both reactor configurations. It appears that
homoacetogenesis overshadowed H» production in the dual-chamber MEC, as reflected by a
coulombic efficiency greater than 100%, likely induced by a high H» partial pressure. Higher H
recovery and production rates were obtained from the single-chamber MEC, but greater
electromethanogenetic activity increased CHs concentrations in the biogas generated, potentially
increasing the downstream processing costs from this reactor configuration. These results portray
MEC:s as an energy-efficient (up to 50%) scheme for bioH> production in addition to removal of
pollutants (COD). This study presented valuable information when deciding on suitable reactors and
optimizing reactor design.
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