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1. Introduction – Materials manufactured from petrochemical-derived polymers, especially plastics, are

widely used in almost all aspects of society because of their durability, light weight and low cost, but their

ubiquity presents a host of environmental challenges including heat

pollution, air pollution and greenhouse gas emissions. Perhaps even more

environmentally-harmful than the production of polymers is their disposal –

especially given that half of all plastics are applied in single use disposable

applications [1]. Polypropylene carbonate (PPC) (Image 1), by mass almost

50% carbon dioxide (CO2), is a biodegradable plastic. Use of PPC and other

similar materials addresses the serious environmental issue of the

proliferation of non-degradable plastics entering the environment. It is

synthesised through the copolymerisation reaction of CO2 with propylene

oxide (an epoxide). Its manufacture is emblematic of a suite of 

environmentally appropriate plastics synthesised through CO2/epoxide ring-

opening copolymerisation – CO2 which can be provided from captured emissions. Propylene oxide can be

produced using waste glycerol from biodiesel production (using renewable feedstocks) with propylene

glycol as an intermediate. Hydrogen for the conversion to propylene glycol via hydrogenolysis can be

provided by dry reforming of methane (also consuming CO2) sourced from the anaerobic digestion of

biomass.

2. Method – Chemical process software Aspen Plus® is used to model an integrated process for the

manufacture of PPC using glycerol, methane and CO2 as feedstocks. The process includes the conversion

of glycerol into propylene oxide via propylene glycol, the reforming of methane to produce hydrogen, the

polymerisation of propylene oxide with CO2 to yield the final product (PPC), and intermediate steps

necessary for separation or purification.

3. Results and Discussion – Performance of selected unit operations within the process will be presented

as well as performance of the overall process. Various aspects of the process model including mass and

energy balances are reported, and an economic evaluation of the processes is completed using Aspen

Plus®. The methodology employed demonstrates the overall viability of PPC manufacture via the process

route outlined. The developed model can be used as a tool in the detailed design of selected unit

operations in the plant.

4. Conclusions – Our study constitutes a high-level assessment of an integrated manufacturing process

for PPC in which a waste stream of glycerol from biodiesel production along with captured CO2

emissions and methane produced through biomass decomposition is supplied as feedstocks. Manufacture

of PPC entirely from sustainable materials using renewable energy combined with its eco-friendly

degradability, could make it and PPC polymer blends a valuable part of a greener society.
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Image 1. Molecular structure of 

Polypropylene carbonate (PPC)
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