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1. Introduction 

Lignocellulosic biomass is a promising source for sustainable biofuel production to satisfy future 

chemical and energy demands while mitigating greenhouse gas emissions [1]. Recently, Motagamwala et 

al. [2] developed a novel chemical hydrolysis process, which can potentially be used to upgrade biomass 

to bioethanol. Potential bottleneck for the practical implementation of this hydrolysis process is the 

downstream separation subsystems necessary to recover solvents for reuse in biomass deconstruction and 

to separate sugars to be fermented to ethanol. Accordingly, the purpose of this study was to devise a new 

nonenzymatic ethanol production strategy and to perform a wide range of economic analyses to identify 

major cost and technological drivers. 

 

2. Process Development 

We develop an integrated strategy for the production of ethanol from lignocellulosic biomass. In this 

strategy, cellulose and hemicellulose fractions are first hydrolyzed into sugars using a mixture of γ-

valerolactone (GVL), water, and toluene as a solvent containing dilute sulfuric acid as a catalyst and then 

co-fermented into ethanol over engineered yeast strains. Special attention was paid to the design of 

separation subsections to effectively recover GVL and toluene from aqueous phase for reuse in biomass 

hydrolysis and lignin and humins for heat and power generation as well as sugars for fermentative 

upgrading to ethanol. To minimize utility requirements, we perform heat integration, which enables us to 

meet all heating requirement from the combustion of biomass residues. The hot combustion gases are also 

used to produce steam for power generation, which satisfies electricity requirement of the process, while 

the net surplus electricity is sold to the grid. In addition, we develop an alternative process configuration, 

in which there are additional units for sugars and GVL recovery from residual biomass. 

 

3. Results and Discussion 

The proposed strategy leads to a minimum selling price (MSP) of $2.95 per gallon of gasoline equivalent 

(GGE-1) for ethanol, which is cost-competitive to previously reported strategies, such as chemical 

hydrolysis of biomass followed by CO2-based separation of sugars and their co-fermentation to ethanol 

($3.37 GGE-1) [3] and dilute acid pretreatment of biomass followed by enzymatic hydrolysis and 

fermentation to ethanol ($3.27 GGE-1) [4]. 

 

4. Conclusions 

We developed a novel strategy for the production of ethanol from lignocellulosic biomass by integrating a 

nonenzymatic chemical hydrolysis technology (using a mixture of GVL/water/toluene as a solvent 

containing a dilute sulfuric acid catalyst) with new separation subsystems. The technoeconomic analysis 

showed that the MSP of the proposed strategy can be reduced to $2.95 per GGE, which is 9.7%-12.5% 

lower than those achieved by the previously reported strategies. We note that the proposed sugar 

production process can be integrated with other conversion technologies for the production of different 

bioproducts such as butanol, gasoline and diesel range fuel blendstocks. 
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