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ABSTRACT

This study evaluates the environmental impact of PET and PC water bottles from a life cycle perspective, including
the production, use, and end-of-life (EoL) phases. The environmental impacts were analyzed across 11 impact categories
at the midpoint level based on the CML-Baseline methodology. For the EoL phases, incineration, landfilling, and recycling
(PET only) were considered. Under the considered scenarios, PET bottles had lower environmental impacts than PC bot-
tles in categories such as fossil fuel depletion, acidification, global warming, photochemical oxidation, and terrestrial
ecotoxicity. In contrast, PC bottles had lower impacts on abiotic resource depletion, eutrophication, freshwater ecotoxicity,
human toxicity, marine ecotoxicity, and ozone layer depletion. These findings reflect differences in the production and
disposal processes of the two materials. At the same time, recycling effectively reduces most environmental impacts, such
as PET bottles. Additionally, environmental impact contributions from each unit process with sensitivity analysis were
conducted for categories such as global warming and photochemical oxidation to assess the impact from transportation
distances, highlighting the significance of transportation. This study emphasizes the importance of policies aimed at re-
ducing environmental impacts and the role of recycling in waste reduction and resource conservation, supporting the tran-
sition to a circular economy.
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Table 1. Comparison of PET and PC bottles

Properties PC PET
Strength (Mpa) 70-80 55-75
Heat resistance (°C) 135-145 70-80
Density (g/cm’) 12 1.38
Recyclability Difficult Easy
Typical additives BPA, phosgene Antimony
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Fig. 1. Life cycle assessment.
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Fig. 2. System boundary for PET and PC bottle production, usage, disposal (incineration, landfilling).
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Fig. 3. System boundary for PET bottle recycling (1 cycle and incineration).

"SSP: Solid-state polymerization [10].
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Table 2°f YER{SITE

Impact category Unit
Abiotic depletion kg Sb eq
Abiotic delpletion (Fossil fuels) MIJ
Acidification kg SO, eq
Eutophication kg PO eq
Fresh water aquatic ecotoxicity kg 1,4-DB eq
Global Warming (GWP 100a) kg CO; eq
Human toxicity kg 1,4-DB eq
Marine aquatic ecotoxicity kg 1,4-DB eq
Ozone layer depletion (ODP) kg CFC-11 eq
Photochemical oxidation kg CHy eq
Terrestrial ecotoxicity kg 1, 4-DB eq
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Table 3. Inputs used in the life cycle assessment of PET, PC bottle production, transportation, and PET bottle

recycling
Input Amount LCI database (providers from Ecoinvent 3.6)
PET bottle production
Polyethylene terephthalate, 0.06 k Polyethylene terephthalate production, granulate, bottle grade | Cutoff, U -
granulate, bottle grade 08 RoW
Polyethylene, high density, 0.004 kg Polyethylene production, high density, granulate | Cutoff, U - RoW
granulate
Polypropylene, granulate 0.001 kg Polypropylene production, granulate | Cutoff, U - RoW
Water, completely softened 1 kg Water production, completely softened | Cutoff, U - RoW
. . Electrici tion, i ltage, petrol fi ti toff,
Electricity, medium voltage 0.1106 KWh ectricity production, medium voltage, petroleum refinery operation | Cuto
U - RoW
Plastic processing factory 1.0 E-10 item  Plastic processing factory construction | Cutoff, U - RoW

Transport*

Transport, freight, lorry,

unspecified 0.065 kgx50 km

Transport, freight, lorry, all sizes, unregulated to generic market for transport,
freight, lorry, unspecified | Cutoff, U - GLO

PET bottle recycling™

Electricity, medium voltage 0.01725 MJ
Sodium hydroxide, without water,
in 50% solution state 0.00031 ke
Tap water 0.0122 kg
Natural gas, burned in gas motor, 0398 MJ
for storage
Diesel 8.2875 E-6 kg
Wire drawing, steel 0.0001 kg
Plastic processing factory [13] 1.0 E-10 item
Nitrogen, liquild 0.00497 kg

Electricity production, medium voltage, petroleum refinery operation | Cutoff,
U - RoW

Market for sodium hydroxide, without water, in 50% solution state | Cutoff,
U - GLO

Tap water production, conventional treatment |Cutoff, U - RoW
Natural gas, burned in gas motor, for storage | Cutoff, U - RoW

Market for diesel | Cutoff, U - RoW
Market for wire drawing, steel | Cutoff, U - GLO
Plastic processing factory construction | Cutoff, U - RoW

Air separation, cryogenic | Cutoff, U - RoW
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Table 3. Continued

Input Amount LCI database (providers from Ecoinvent 3.6)

PC bottle production

Polycarbonate 0.06 kg Polycarbonate production | Cutoff, U - RoW
Polyethylene, low density, granulate 0.004 kg Polyethylene production, low density, granulate | Cutoff, U - RoW

Polybutadiene 0.001 kg Polybutadiene production | Cutoff, U - RoW
Water, completely softened 1 kg Water production, completely softened | Cutoff, U - RoW
Electricity, medium voltage 0.1106 kWh Electricity production, medium voltage, petroleum refinery operation | Cutoff,
U - RoW
Plastic processing factory 1.0 E-10 item Plastic processing factory construction | Cutoff, U - RoW

*Each transport distance is assumed to be 50 km for simplicity.
**Obtained from Smith et al. (2022) [11].

Table 4. Outputs used in the life cycle assessment of PET bottle recycling, disposal, and PC bottle disposal

Output Amount LCI database (providers from Ecoinvent 3.6)
PET bottle recycling
Wastewater, average 0.01226 L Treatment of wastewater, average, capacity 1E9l/year | Cutoff, U - RoW
Greenhouse gases 0.0073 kg CO, eq  No provider (elementary flow)
Additional emissions See the supplementary No provider (elementary flow)

PET bottle disposal

Treatment of waste polyethylene terephthalate, municipal incineration |

Waste polyethylene terephthalate 0.065 kg Cutoff, U - RoW
Waste polyethylene terephthalate 0.065 kg Treatment of waste polyethylene terephthalate, sanitary landfill | Cutoff,
U - RoW
PC bottle disposal
Treat: t of te plasti i icipal inci ti toff, -
Waste plastic, mixture 0.065 ke reatment of waste plastic, mixture, municipal incineration | Cutoff, U
RoW
Waste plastic, mixture 0.065 kg Treatment of waste plastic, mixture, sanitary landfill | Cutoff, U - RoW
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Fig. 5. Environmental Impact based on reuse cycles (PC) and production cycles (PET).
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Fig. 6. Results of the life cycle environmental impact
assessment of PET recycling.
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