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Project Goals: The goal of our research is to develop methods and tools for the synthesis and
evaluation of biomass-to-fuels strategies employing pretreatment and conversion
technologies developed within the Great Lake Bioenergy Research Center (GLBRC).
Specifically, we design new processes, develop models for their evaluation, and eventually
identify technological bottlenecks and economic drivers that have to be addressed.
Additionally, we develop a general framework for the synthesis of separation and
purification networks for bio-based products based on their physical properties. Finally, we
explore optimization methods for the design and operation of biofuel supply chain networks
with regional depots.
Process Synthesis and Analysis. We develop an integrated strategy that utilizes a mixture of γvalerolactone (GVL), water, and toluene as a solvent containing dilute sulfuric acid as a catalyst
for the production of ethanol from lignocellulosic biomass1. Specifically, cellulose and
hemicellulose fractions are first hydrolyzed into sugars using solvent mixtures and catalyst, and
the sugars are then co-fermented into ethanol over engineered yeast strains. We design separation
subsystems to (1) effectively recover GVL and toluene for reuse in biomass hydrolysis, (2) recover
sugars and GVL from the residual biomass, and (3) recover lignin and humins for heat and power
generation. To minimize utility requirements, we conduct heat integration, which allows us to meet
all heating requirement using biomass residues. Then, we perform a range of system-level analyses
to identify the major cost and technological drivers. We found that the proposed strategy results in
lower minimum ethanol selling price (($ 2.95 per gallon of gasoline equivalent (GGE-1)) than those
for the GVL/water-based non-enzymatic ethanol production ($3.37 GGE-1)2 and the
enzymatic/biochemical ethanol production ($ 3.27 GGE-1)3 strategies.
Design of Separation Networks for Bioproducts. Separation of bioproducts is a major challenge
that can contribute to more than 70% of the total production costs4,5. Based on the physical
properties of the desired chemical and other components in the bioreactor effluent, there can be
multiple feasible options for product recovery6,7. These options are composed of several alternative
technologies performing similar tasks and their suitability for a particular chemical varies based
on the difference in key parameters such as separation efficiency, cost or amount of added
separating agents, biomass titer, and desired product purity. To develop new separation strategies,
we propose an optimization-based framework that allows us to identify the key cost drivers and
critical technologies. This framework provides significant insights for technology selection and

assists in making an informed decision regarding technologies that should be used for a given set
of input/output specifications.
Biofuel Supply Design and Operation. To ensure biomass supply meets biofuel demand, it is
necessary to have an effective supply network. Towards this end, the concept of regional biomass
processing depot8, where biomass is pretreated and/or densified to a higher density intermediate,
has been introduced to improve the performance of supply network in terms of costs and emissions.
We develop optimization models for the design and operation planning of biofuel supply chains
with regional depots that account for seasonal biomass supply9,10. Unlike previous approaches
which assume predetermined depot and biorefinery locations, we treat the locations of depots
and/or biorefineries as continuous optimization decisions. The proposed models account for
technology selection and capacity planning decisions, as well as auxiliary decisions such as
harvesting site and biomass feedstock selection, biomass allocation to depots and biorefineries,
and inventory planning. Furthermore, the proposed models can be extended to handle different
features and practical considerations.
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