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Sustainable waste management practices will be essential in order promote a circular economy. The over
exploitation of natural resources required to achieve economic growth and development has negatively
impacted the environment. Consequently, the idea of a circular economy, which offers new ways to create
a more sustainable economic growth model, is very attractive. Membrane based separations are attractive
as they are environmentally friendly. Here the use of membranes for water treatment and conversion of
agricultural residues to value added products is discussed.

In this presentation the use of electrocoagulation as a feed pretreatment operation prior to membrane
distillation will be described. Today highly impaired hydraulic fracturing flow back water is typically
reinjected into a geologically isolated formation in the Earth’s crust. However, treating this highly impaired
water for beneficial uses will promote a circular economy. The advantages of an integrated
electrocoagulation, microfiltration and membrane distillation process for maximizing water recovery from
hydraulic fracturing produced water will further highlight the potential for process intensification through
integrated membrane based separation processes.

Taken together all aspects of the agricultural industry contribute more than 25% of world greenhouse gas
emissions. Agricultural residues represent an abundant source of fuels and chemical intermediates.
Conversion of these residues to valuable chemical intermediates will not only extend the carbon cycle but
also promote a circular economy. Here lignocellulosic biomass hydrolysis and dehydration has been
conducted using a synthetic polymeric solid acid catalyst consisting of dual polymer chains grafted from
the surface of a ceramic membrane. The acidic polymeric chain, poly(styrene sulfonic acid) (PSSA)
catalyzes biomass hydrolysis as well as dehydration. A neighboring poly(vinyl imidazolium chloride) (PIL)
chain helps solubilize lignocellulosic biomass and enhance the catalytic activity. Hydrolysis was conducted
for crystalline cellulose and acid, base or steam pretreated corn stover samples in ionic liquids (IL) and
mixtures of IL with water or y-valerolactone (GVL). Near quantitative total reducing sugar (TRS) yields
for cellulose hydrolysis as well as pretreated corn stover biomass were achieved at mild conditions and in
less than 12 h. Other lignocellulosic biomass residues have also been tested as feed streams.

Our novel, patented, polymeric solid acid catalysts are superior to cellulases as they can be operated at a
higher temperature and at a much higher hydrolysis rate. These catalysts are stable and maintain high
catalytic activity after repeated runs. Moreover, they can be easily regenerated and are environmentally
friendly. These polymeric solid acid catalysts can be used not only for hydrolysis but also dehydration of
cellulose leading to the production of 5-hydroxymethylfurfural (HMF) or levulinic acid.
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