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Abstract 
The earlier in the development of a process a design change is made, the lower the cost and 

the higher the impact on the final performance. This applies equally to environmental and 

technical performance, but in practice the environmental aspects often receive less attention. To 

maximise sustainability, it is important to review all of these aspects through each stage, not just 

after the design. Tools that integrate environmental goals into the design process would enable 

the design of more environmentally friendly processes at a lower cost. This paper brings together 

approaches based on Life Cycle Assessment (LCA) including comparisons of design changes, 

hotspot analysis, identification of key impact categories, environmental break-even analysis, and 

decision analysis using ternary diagrams that give detailed guidance for design while not requiring 

high quality data. The tools include hotspot analysis to reveal which unit operations dominate the 

impacts and therefore should be the focus of further detailed process development. This 

approach enables the best variants to be identified so that the basic design can be improved to 

reduce all significant environmental impacts. The tools are illustrated by a case study on the 

development of a novel process with several variants: thermal cracking of mixed plastic waste to 

produce a heavy hydrocarbon product that can displace crude oil, naphtha, or refinery wax or be 

used as a fuel. The results justified continuing with the development by confirming that the 

novel process is likely to be a better environmental option than landfill or incineration. The 

general approach embodied in the toolkit should be applicable in the development of any new 

process, particularly one producing multiple products. 
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