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Production of fuels and chemicals from renewable feedstocks are typically based on fermentation or enzymatic processes.  Product separations in these biological processes often offer significantly more complexity than traditional chemical separations due to dilute substrate and product streams, relatively little change in molecular structure during conversion, and pH, solvent, and temperature limitations.  In nature, however, cells perform these separations extremely well by using an electrochemical pump to export metabolic products (e.g., organic acids) as they are generated.  Starting from this concept of cellular metabolic control, we designed a Separative Bioreactor to capture biocatalytically-derived organic acids.  The Separative Bioreactor is based on electrodeionization (EDI) – electrochemically-driven transport across ion exchange membranes.  As an extension to electrodialysis, EDI utilizes ion exchange resins in the feed channel between the ion exchange membranes to facilitate ion capture and electrical conduction.  In the Separative Bioreactor, we molded these ion exchange resins with specific biocapture resins into a porous wafer.  The EDI Separative Bioreactor performs extremely efficient electrochemical separations capable of removing dilute organic acids (ppb range) as they are produced.  Electrochemical protonation and transport generates the organic acid, not its salt, in the product stream, and controls or maintains the pH of the reaction compartment near the optimal range without buffering or neutralization.  In addition, the reactions are conducted by feeding only sugar without addition of buffers, salts, or other nutrients.  We have demonstrated the feasibility of the Separative Bioreactor with both enzymatic systems (specifically engineered to coordinate to the biocapture resins) and microbial systems at reasonably high productivities.  The biocapture resin technology enables in situ removal of degraded enzyme and regeneration of the wafer with fresh enzyme.

