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Introduction

• Globally, ~ 500 billion disposable cups are consumed each year [Lewis et al. 2021]

• Existing LCAs of products made of PP or PLA fail to address the impacts of littering and 
the toxicity of leachates

• Available impact assessment methodologies do not allow a full assessment of the 
impacts of plastic emissions

• Aim: Comparative cradle-to-grave LCA of disposable plastic cups made of PP and PLA

− Including toxicity of leachates

− Including impacts related to the littering of the cups 
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Methodology

• Product Environmental Footprint (PEF)

• Persistence-based plastic pollution equivalents as a proxy for impacts [Maga et al. 2022] 

− Redistribution

− Degradation

• Degradation rates extracted from experiments measuring CO2 production / mass loss

• New impact category: plastic pollution

• Integration into the PEF by normalization based on [Galafton et al. 2023] and weighting with the 
highest / lowest weighting factor recommended by the [Joint Research Centre 2018]

• Alternatively: include in safe-and-sustainable-by-design (SSbD) assessment [Caldeira et al. 2023]
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Methodology: Case study

• Case study: disposable cups made of PP / PLA

• FU = 1 transparent disposable plastic cup for cold drinks with a filling volume of 500 mL

• Cradle-to-grave with two EoL scenarios: thermal treatment, recycling

• Direct plastic emissions (littering) → 2 % [Jambeck et al. 2015]

• Degradation rates based on accelerated weathering experiment 
(1544 h; ~1 y 2 m 11 d real life)
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Results: degradation experiment
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Environmental  

compartment 

Terrestrial  

(buried) 

Terrestrial  

(surface) 

River  

sediment 
Marine water 

Marine  

sediment 

PP 
1.330 

(0.884 – 4.671) 
7.016 n.a. 

2.537 

(0.198 – 7.604) 
n.a. 

PLA 
57.031 

(0-186.224) 
0.877 0.001 n.a. 0.001 

 1 

Specific surface degradation rates used to calculate fate factors [in µm/year]



Results: normalized, weighted
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WF = weighting factor                                 Total impacts with degradation rates based on literature 

Plastic pollution



Results: SSbD scores 
Comparing the investigated alternative (PLA) to the base case (PP)
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deterioration (up to -10%)no improvement (-10–+5%)



Conclusions

• Conventional environmental impacts: PP cup < PLA cup

• Plastic pollution: PP cup < PLA cup

• Toxicity of leachates: PP cup > PLA cup
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• PLA cup shows no environmental advantages compared to 
the PP cup

• Important to use product-specific degradation data when 
assessing plastic pollution impacts

• Simulating and measuring degradation is complex

https://doi.org/10.1016/j.spc.2025.04.013

https://doi.org/10.1016/j.spc.2025.04.013


Next steps

• Integrate effect factors [7,8,9,10,11] into the methodology

• Determine effects of polymer types, sizes, and shapes of 
emissions on effects

• Develop a methodology to estimate and incorporate 
impacts of additives
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