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Next Generation Thermoplastics from Biorenewable Feedstocks 

 
Presidential[1] and Congressional[2] directives, in accord with the U.S. Biomass R&D 
Technical Advisory Committee[3] and the U.S. Department of Agriculture[4], have 
targeted that 25% of U.S. chemical production be bio-based by the year 2030—a 
substantial increase from the current 5% share. Since the majority of produced 
chemicals ultimately become polymers, it seems impossible to achieve this 25% 
objective without a considerable share of polymers originating from biomass. Meeting 
this goal will require a shift away from petroleum-based feedstocks for polymer 
synthesis, a sound understanding of the feedstocks that will be available from 
biomass, in addition to the invention of new polymerization chemistry compatible 
with the biorenewable monomers. 
 
Six petroleum-based commodity thermoplastics have held dominant market share 
(>90%) for several decades.[5] Thus far, only two synthetic polymers from renewable 
feedstocks have exhibited the potential to enter the commodity plastics market: 
polylactic acid (PLA) and poly-�-hydroxyalkanoate (PHA)[6]. However, both polymers 
rely on biotransformations that can be expensive even on a large scale. And, neither 
polymer relies on the most abundant organic feedstock, cellulose. 
Our efforts to invent new cellulose-based thermoplastics that circumvent 
biotransformations have focused on the chemical intermediate methanol, which can 
be obtained in high yield from wood. Moreover, a methanol economy has received 
serious consideration as a sustainable, bio-based successor to the fossil fuel 
economy.[7]  We have demonstrated the synthesis of a novel polyester/acetal 
originating entirely from C1 methanol derivatives. In addition to having a “green 
birth”, this polymer is designed to have a “green death”, as it has more pathways for 
degradation than any of the aforementioned commodity plastics. 
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