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ABSTRACT

This thesis evaluates the carbon footprint of the thermoforming process at multiple
manufacturing levels: process, machine, and system. Utilizing a lifecycle assessment
(LCA) approach, the study aims to quantify the environmental impacts associated with
each stage of the thermoforming process. Fossil extraction and transportation stages
contribute 73% of the total carbon footprint, with system-level emissions being 19.2 times
higher than process-level emissions.

A sensitivity analysis was conducted using the One-at-a-Time (OAT) method to
understand how variations of the carbon emission factors influence the overall carbon
footprint. The theoretical calculation of a 50% decrease in the crude oil component during
fossil extraction and transportation results in areduction of 25% CO2 at the system level.
Other significant reductions were observed with a 50% decrease in natural gas during
fossil extraction (11%), transportation of the final product (7%), pellet production (4%),
and the thermoforming process itself (3%).

The results suggest that efforts to reduce the carbon footprint of thermoforming should
focus on improving process efficiency, sourcing materials with lower environmental
impacts, and optimizing transportation logistics. The study underlines the potential
environmental benefits of integrating renewable energy sources, such as wind, solar, and
hydropower, in the manufacturing sector where thermoforming processes take place. It
was demonstrated through the sensitivity analysis that renewable energy can significantly
reduce carbon emissions, supporting a transition to more sustainable manufachuing
practices. Limitations include the lack of comprehensive data for certain auxiliary
equipment, which may lead to an underestimation of the carbon footprint at the machine
level.
Future research should explore the {gfegjration of renewable energy, alternative materials
with lower environmental impacts, and policies promoting the use of recycled materials.
By addressing these areas, significant reductions in the overall carbon footprint can be
achieved, enhancing the sustainability of thermoforming processes.
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