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Although the cost of making ethanol from biomass has dropped significantly over the last several decades, biomass-derived ethanol is still too expensive to compete with fossil fuels without subsidies.  Therefore, the key challenge is to reduce the major operating costs of biomass conversion processes, primarily pretreatment and enzymes.  We believe that the integration of a reduced cost pretreatment with an ethanol-producing microorganism capable of utilizing oligomeric carbohydrates would represent a major step towards that goal.

Prof. Ingram and colleagues have developed microbial technology that is capable of simultaneous hydrolysis and fermentation of amorphous cellulose without added enzymes.  The microorganism, Klebsiella oxytoca, can utilize dimers and trimers of glucose and xylose, and can metabolize the five major sugars of lignocellulosic feedstocks.  This strain, designated SZ21, also secretes two synergistic endoglucanases to sufficient levels to completely hydrolyze amorphous cellulose.  Thus, this organism represents an advanced ethanol producer for SSF processes and has been shown to reduce the amount of enzyme required by up to 60%.

This same approach is now being implemented to address the simultaneous hydrolysis and fermentation of hemicellulose oligomers produced during low or no added acid pretreatment.  Previous work has shown that ethanol-producing Escherchia coli can co-produce xylanases during fermentation of hemicellulose hydrolysates from dilute acid pretreatment.  Prof. Ingram et.al. have developed a new strain that can secrete xylanase activity in sufficient quantities to hydrolyze xylo-oligomers produced by low or no added acid pretreatment of bagasse.

Previous work with low or no added acid pretreatment processes has resulted in relatively low yields of monomeric sugars (relative to standard dilute acid processes) and low solubilization of hemicellulose.  Although significant cost savings can be realized in no added acid processes, the low yields were not economically viable for conventional ethanol-producing organisms.  With the development of advanced organisms that can utilize oligomeric substrates, there is no longer a need for high monomer yields.  Thus, low or no added acid processes can now be further developed.

The integration of low or no added acid pretreatments with advanced ethanol-producing microorganisms represents a significant step towards lowering the cost of biomass conversion processes.

