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Abstract

A large barrier to achieving the goal of producing low-cost biofuels is the high cost of enzymatic hydrolysis treatment — a
crucial step in turning biomass into liquid biofuels. Several enzymatic strategies have been employed to degrade the
cellulosic polysaccharides present in plant-based biomass into sugars for further conversion into biofuels. Bioethanol is
produced by releasing the sugars from biomass and then fermenting those sugars into alcohol. Breaking down
lignocellulose-based biomass, such as crop or forestry residues, is a difficult task. This requires pretreatment with dilute
acid or other techniques to make the cellulose vulnerable to enzymatic hydrolysis, which involves using cellulase
enzymes to convert the cellulose into glucose and other Cs-Cs sugars.

Cellulosic ethanol (bioethanol) prices depend heavily (30%-70%) on the cost of the cellulase enzymes used to break
down the biomass into fermentable sugars. While the relatively high cost of cellulase enzyme complex remains a major
barrier to their commercial application, it is possible to reduce cellulase enzyme-related costs by integrating enzyme
production with bioethanol production. Therefore, having the cellulase enzyme production on-site, or at the bioethanol
production plant, and using the same biomass as feedstock for both processes, it is possible to make cellulosic ethanol
economically viable.

This review sheds light on the industry status, process chemistry and technology landscape for cellulase enzyme
production for bioethanol, using corn stover as the lignocellulose feedstock. The technoeconomic assessment for a
cellulase enzyme production plant in the US Gulf Coast (USGC) region, producing 8.5 MMIb/y of cellulase enzyme
complex from 57.87 MMIb/y of corn stover (dry basis), is covered. Considering an integrated facility, this cellulase enzyme
capacity is based on the requirement to produce 25 MMgal/y (164.72 MMIb/y) of bioethanol from 694.44 MMIb/y of dry
corn stover. The required total corn stover feedstock (752.31 MMIb/y) is subjected to dilute acid pretreatment with steam,
followed by pH adjustment with ammonia. The pretreated and ammonia-conditioned feedstock hydrolysate is
proportionately used for the cellulase enzyme production unit, using Trichoderma reesei fungi, under submerged aerobic
cultivation (fermentation). The produced cellulase enzyme complex is directly supplied to the on-site integrated bioethanol
plant without extensive separation or concentration. A separate cost analysis is provided for the pretreatment of total
biomass, cellulase enzyme production, and the cost of integrated bioethanol production using pretreated corn stover and
on-site produced cellulase enzymes.

Along with the process technology, this review includes the process flow diagram (PFD), material balance, major
equipment list with specifications, capital and operating expenditure, and the overall production cost for producing
cellulase enzyme using corn stover as the lignocellulosic biomass. The economic evaluation presented is the Process
Economics Program’s (PEP) independent interpretation of the commercial process based on information presented in the
open literature, such as patents, technical articles, etc. It may not reflect, in whole or in part, the actual plant configuration.
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