A techno-economic analysis of bio-oil stabilization for insertion into petroleum refineries and upgrading to transportation fuels.
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The objective of this project is to evaluate the techno-economic costs to stabilize bio-oil fractions for insertion into petroleum refineries. Raw bio-oil is the primary product of biomass fast pyrolysis – an emerging technology for biofuel production. Bio-oil could be refined into gasoline- and diesel-type fuels. However, complex oxygenated compounds and other impurities lend it unsuitable for upgrading in existing refineries. These reactive oxygenated compounds increase bio-oil viscosity, water content, and degrade the quality of bio-oil during storage. Bio-oil stabilization involves a series of techniques that improve bio-oil quality and allow for its long-term storage.
 
In this study, we evaluate the economic cost of stabilizing bio-oil recovered from the fast pyrolysis of red oak and corn stover in a fluidized bed pyrolyzer and condensed in a fractionation recovery system.  The fractionation system consists of a series of condensers, and electrostatic precipitators designed to separate bio-oil into four fractions: light oxygenates, soluble carbohydrates, middle fraction, and clean phenolic oligomers (CPO). Preliminary results indicate that bio-oil can be fractionated into 26% oxygenates, 20% carbohydrates, 8.5% middle fraction, and 46% CPO. The recovered bio-oil stage fractions are stabilized via catalytic processes that incur additional capital and operating costs. Stable CPO improves upon several key metrics critical for bio-oil upgrading processes: low moisture, S, O, and N content; reduced acidity; and lower viscosity.  Each of these fractions requires appropriate stabilization methods and upgrading strategies. Two-stage stabilization processes are employed in the upgrading section for the CPO, middle fraction, and soluble carbohydrates: a reduction reactor, where unsaturated carbon bonds become saturated with the addition of H2, and a hydrotreating reactor to reduce the feed oxygen content. The light oxygenate fraction undergoes steam reforming to produce H2 for the hydroprocessing reactors. 

[bookmark: _GoBack]The final products consist of stable bio-oils that could be inserted at various points along existing refineries or serve as a source of valuable chemicals. The upgraded CPO product could be hydroprocessed into gasoline and diesel. The carbohydrate and middle fractions could be upgraded to liquid fuels or separated into chemicals. The commercial viability of this process will depend on the economic value of the stabilization process relative to the incremental cost. Therefore, the outcome of this analysis is an understanding of the cost-benefit tradeoffs of bio-oil stabilization for the production of renewable transportation fuels. 
