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Facing mounting environmental pollution, societal outcry, and regulatory pressure, polymer science is now at a crossroads. The large majority of today's commodity polymers were invented almost a century ago (e.g., polyamides or nylons and polyesters in the 1930’s and polyolefins in the 1950’s) and were further developed for capability, durability, scalability, profitability, and disposability, rather than for renewability, recyclability, and biodegradability. The failure to address the latter three fronts by the traditionally practiced linear economic model has not only accelerated the depletion of finite natural resources but also caused severe global plastic pollution and enormous loss of energy and material value to the economy. It is also important to recognize that this global plastics problem is a trifecta, concerning not just environment, widely known as plastics pollution, but also energy and climate, as the global production of plastics is predicted to consume about 20% of oil and contribute to about 15% of carbon budget by 2050.
To address this global grand challenge, new polymer design principles and de/polymerization methods must be developed in order to create next-generation sustainable polymers that exhibit designer functions to perform, renewable resources to produce, and circular paths to regenerate. In this context, this lecture will focus on our recent efforts1-15 in redesigning polymers to leverage a circular economy in this new era of polymer science. Examples will include redesigned sustainable polymers that not only are chemically circular (for a circular economy) and biodegradable (for environmental protection), but also exhibit closed-loop lifecycles with comparable consumptive and regenerative timescales (for sustainable development).
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