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Under process-relevant high-solids conditions, scaling up enzymatic cellulose hydrolysis from shake flasks to stirred tank reactors (STRs) can result in differences in both the rate and extent of reaction, with better performance often obtained in shake flasks. The goal of this work was to determine unambiguously the source of these differences and to demonstrate the ability to scale up the enzymatic hydrolysis reaction from shake flasks to laboratory scale fermentors. Batch enzymatic hydrolysis experiments were performed using unwashed dilute acid pretreated corn stover (PCS) at insoluble solids levels of 5% to 15% (w/w, dry basis).  Results show that mixing problems in STRs become significant at insoluble PCS solids levels exceeding roughly 10% (as a consequence of the challenging PCS slurry rheology). However, with appropriate impeller selection and sufficient agitation, reasonably good mixing and heat transfer, and thus temperature control, can be obtained at PCS solids levels as high as 13.5-15.0%; effective mixing can be achieved at solids levels as high as 14-16% using predigested PCS particles. Importantly, despite literature reports to the contrary, impeller-induced shear produced using a range of marine impeller configurations and speeds did not result in significant levels of cellulase inactivation.  Taken together, these results show that differences in the performance of the enzymatic saccharification reaction between reaction vessels of different scales and geometries can be minimized if proper attention is given to ensuring good temperature control.

