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Why is this interesting? A

Bioelectrochemical systems (BES) are based on the typical electrochemical system (which ¢ Investigating the basic chemical, biological and physical phenomena (especially the
convert chemical to electrical energy or vice versa) with the inclusion of microbes, serving as
catalysts in transferring electrons to/from external electron acceptors (electrodes). They
present a unique potential to provide energy-efficient wastewater treatment, utilize organic
waste streams to produce energy, and many important chemicals. However, we are a long way
from commercial implementations of BES. A key challenge being the poor understanding of
\the complex phenomena involved.
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mechanisms of extracellular electron transfer and the ecology of the microbial
communities) that are critical for the performance of BES using COMSOL
Multiphysics.

Model-based technical evaluation of the different BES applications

/

Modeling strategy

simultaneous anodic oxidations of acetate and hydrogen)

[Case study: Simultaneous cathodic reduction of acetate and butyrate to alcohols and

|

K. = acetate half saturation constant (mol,./m>)
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{ Expected/ Representative Results
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Bad catalysis (KsE = 0.05)

Figure 1 shows a representative result for an example time snapshot of bulk
concentrations in the case study system. At the bottom, the individual current
contributions from each reaction are represented for two different bio-electrode
catalysis qualities (KsE values); the top figures represent the aggregated (observed)
current values for both cases. Note that electrode potentials are unique for all reactions

involved. As an example, in order to achieve the same current (30 A/m2) in the worse

Dashed lines
represent the
bad catalysis
case (KsE = .05)

______________ catalysis case (KsE = 0.05 V), the anode potential has to be placed much higher and the

cathode potential much lower requiring more energy supply to make the microbial
electrolysis cell process run.
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Figure 1. Comparison of potentials and individual current contributions for the simultaneous oxidations of acetate and hydrogen (anode) and reductions of butyrate, acetate and protons
(cathode) at two different electrode catalysis efficiencies (KsE = 0.01 and 0.05). Arbitrary fixed cathode and anode bulk liquid concentrations of 0.1M of butyrate and acetate; 0.3mM for
K dissolved hydrogen and pH 5 are used.

TAKE-HOME INFORMATION
* The proposed model structure provides a platform for elucidating nontrivial interactions between physical, chemical and biological
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* It can be used to perform technical evaluations of BES applications including wastewater treatment, industrial chemical

production(bioelectrosynthesis), water desalination and bioremediation etc.
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