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Abstract 
Polyurethanes (PUs) are ranked among the sixth most manufactured polymers worldwide and are widely used in a variety 
of applications because of the diverse properties they offer. Nevertheless, PUs are raising questions around their 
environmental, legislative, health, and recycling concerns. Currently, the PU industries are heavily dependent on 
petroleum; the two major feedstocks — polyols and isocyanates — are largely petroleum-derived. Because of the 
depletion of fossil fuels, environmental concerns of greenhouse gas (GHG) emissions in the PU synthesis process, and 
the dramatically increased costs of petroleum feedstocks, many researchers are focusing on finding renewable resources 
to reduce the use of fossil fuels, with the anticipation of increased adaptation in the coming years. Moreover, sustainable 
feedstocks stand out as a viable option to synthesize greener PU. Bio-based polyfunctional short alcohol and isocyanate 
compounds have emerged to design fully bio-based PU materials with targeted chemical and mechanical properties.  

In this report, we review the current industrial status of large-scale PU production via sustainable routes. A brief 
technology overview of various processes to produce PUs from renewable resources is presented, covering aspects such 
as process design, catalyst performance, process efficiency, and the overall technology readiness. A more in-depth 
analysis, including technoeconomic evaluations, is presented for the following three processes: 

‒ Bio-based polyols: This technology utilizes bio-based feedstocks such as castor oil to produce polyols, which are 
essential for PU production. These bio-based polyols are then polymerized with isocyanates to form PU products, 
resulting in a reduced carbon footprint and a more sustainable alternative to traditional fossil-derived polyols. 

‒ Non-isocyanate polyurethane (NIPU) route: NIPU represents an innovative method of synthesizing PU without the 
use of toxic isocyanates. This process involves the reaction of cyclic carbonates with amines. Cycloaddition of CO2 to 
epoxidized soybean oil generates cyclic carbonates, which then react with diamines to form NIPUs. This approach not 
only eliminates the reliance on fossil fuels but also utilizes CO2 as a raw material, helping to mitigate GHG emissions. 

‒ Recycling of PU waste: This method emphasizes the chemical recycling of PU waste materials. Through glycolysis, 
discarded PU products are broken down into their original polyols, which can then react with isocyanates to produce 
new PUs. This process diverts waste from landfills and reduces the demand for virgin materials, promoting a circular 
economy in the PU industry. 

The production economics assessment in this report is based on a US Gulf Coast location. An iPEP Navigator tool is also 
attached to the electronic version of this report. The interactive iPEP Navigator module provides an economic snapshot 
for each of the abovementioned processes, with options to choose from different units as well as regions of interest. Apart 
from the technical and economic analyses, we have also included material balance tables, a sized equipment list, and 
process flow diagrams for each of these technologies. 

The technological and economic assessment of the process is the Process Economics Program’s independent 
interpretation of a potential commercial process. Each of these is based on the information presented in the open 
literature, such as patents or technical articles, and may not reflect in whole or in part the actual plant configuration. We 
do believe that these sources are sufficient to represent the process and process economics within the range of accuracy 
necessary for the economic evaluations of the conceptual process designs.  
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