Life Cycle Assessment between Reusable Packaging of Vacuum Insulated Panels Using Recycled PET and Expanded Polystyrene Boxes
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Abstract (300 word limit)
In many countries, including Korea, disposable expanded styrene (EPS) boxes are widely used as packaging materials for vaccines and fresh food. This was due to the relatively low price, but there was a problem of generating enormous waste according to single-use. In the case of disposal, landfill and incineration of EPS boxes are high in Europe, whereas Korea has a relatively high recycling rate. As a result of the LCA analysis, based on the survey data in 2020, Korea showed about 6.6 times higher environmental advantage in CO2 reduction than Europe. In addition, conventional vacuum insulation materials (VIP) made of glass fiber, such as fumed glass, are expensive and have to use thick packaging materials due to thermal bridge problems on curved surfaces when applied to packaging. The issue of recycling was also raised. Therefore, by developing a VIP packaging material made by recycling PET bottles, which are discarded in large quantities, we tried to improve the problems of the existing EPS and glass fiber VIP packaging. In addition, the number of reuses was designed and tested beyond the existing EPE-based reusable packaging materials, but it was set based on the average number of uses of the existing packaging, 85 times. As a result of the life cycle environmental impact assessment, CO2 reduction was 16.3% compared to Korea's EPS box and 83.0% lower than Europe. Therefore, VIP reusable packaging that recycles discarded PET bottles is expected to contribute to the realization of a circular economy by reducing CO2 eq compared to existing disposable EPS boxes.
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In many countries, including Korea, single-use expanded styrene (EPS) is most widely used as a packaging material for distribution of vaccines and fresh food. Especially after COVID-19, online delivery service has increased quantity rapidly, but it is causing many environmental problems when discarded. In addition, existing vacuum insulation panel (VIP) made of fumed glass or glass fiber material has higher insulation than EPS, but inside of packaging material is thicker due to heat bridge problem that cannot be applied to curved surface of the packaging material. It had to be reinforced, so content volume was reduced and unit price was high. To improve this, RECYCLED-PET VIP, which recycled discarded PET bottles, and eco-friendly packaging materials that can be reused were developed. The packaging was then compared to EPS packaging to evaluate LCA. Environmental impact assessment started with production of raw materials, and analyzed environmental impact according to the amount of materials and energy generated at each stage, such as packaging production, transportation, cleaning, and disposal. In addition, the number of reuses was set based on the average number of times of use of existing reusable packaging materials, 85 times, and environmental impact caused by fine dust was evaluated by additionally installing a dust collection facility to increase cleanliness of packaging manufacturing process. As a result of life cycle environmental impact assessment, despite fact that 0.339 kg CO2 eq increased in GWP category due to the addition of a dust collector, overall environmental impact was reduced by 16.3% compared to EPS packaging. Also, fine dust (PM 2.5) was reduced by 6.5 times. In addition, through ISTA 7D test and thermal conductivity test, insulation performance of the container increased by about 2.3 times compared to EPS packaging material, and it was expected that it would be possible to maintain freshness for a longer time or to distribute more contents by reducing thickness of the packaging material. As a result, it is expected that reusable packaging using VIP that recycled discarded PET bottles can contribute to realization of a circular economy, such as reducing CO2 eq compared to existing disposable EPS packaging.






















(수정1)

In many countries, including Korea, single-use expanded styrene (EPS) is most widely used as a packaging material for distribution of vaccines and fresh food. 
Compared to Europe, Korea has a relatively higher rate of recycling than landfill and incineration of EPS boxes, and recyclables manufactured from waste EPS boxes are used for various purposes other than building insulation. LCA results showed environmental benefits of recycling EPS boxes  in Korea are about 6.6 times higher than those of European EPS boxes as of 2020.

In addition, existing vacuum insulation panel (VIP) made of fumed glass or glass fiber material has higher insulation than EPS, but inside of packaging material is thicker due to heat bridge problem that cannot be applied to curved surface of the packaging material. It had to be reinforced, so content volume was reduced and unit price was high. In addition, the recycling rate of PET bottles, which are currently being discarded, is reduced, so to improve the recycling rate of PET bottles and reduce carbon dioxide, RECYCLED-PET VIP, which recycled discarded PET bottles, and eco-friendly packaging materials that can be reused were developed and compared to EPS packaging to evaluate LCA. In addition, the number of reuses was set based on the average number of times of use of existing reusable packaging materials, 85 times. 

As a result of life cycle environmental impact assessment, overall environmental impact was reduced by 16.3% compared to EPS packaging in Korea and 83% compared to EPS packaging in Europe. As a result, it is expected that reusable packaging using VIP that recycled discarded PET bottles can contribute to realization of a circular economy, such as reducing CO2 eq compared to existing disposable EPS packaging.
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