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The concept of a biorefinery has been proposed as a means of improving the economics of bioethanol production.  Bioethanol can be used as a neat fuel or as a gasoline or diesel additive.  However, transportation fuels are relatively low-price commodities, and ethanol currently produced from corn in the U.S. relies on subsidies and by-product revenue to compete in this market.  The next generation of bioethanol production technologies will produce ethanol from low-cost cellulose.  While cellulosic processes can be optimized to produce high yields of ethanol, it may be preferable to co-produce high-value by-products to maximize profitability.  Organic chemicals, solvents and biopolymers have all been proposed as possible cellulosic ethanol co-products from a biorefinery.  Mathematical optimization methods can be used to evaluate the economics of various biorefinery product slates and configurations.  There exists precedent for such an approach.  The petroleum refining industry has long used Linear Programming techniques to select feed and product slates and optimize petroleum refinery economic performance.  

A spreadsheet-based model has been developed to optimize the economic performance of future biorefineries.  The refinery is modeled by a system of equations and inequality constraints that describe the performance of the real processes, pretreatment, fermentation, etc.  Data from previous NREL studies were used to build this system and include yield, capital and operating cost information.  An economic objective function has been formulated and mathematical techniques employed to find the optimum (maximum profitability) set of design/operating conditions satisfying all the constraints placed on the model.  The model has been validated using previous design studies and can be used to screen and evaluate potential R&D alternatives.

