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The proposed theoretical framework explores 

how packaging could be assessed from gate-to-

grave including the probability to become litter.
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The Problem

• Omnipresence of plastic pollution. 

• Packaging  significant increase in public awareness  regulations and legislation 

• Packaging is often designed for single-use  waste after a short life-time. 

• Marine litter is mainly caused by poor or insufficient waste management. 

• Missing circularity and plastic leakage pathways lead to packaging being released into the 

environment in an uncontrolled manner. 

• Other properties influence the fate of packaging, most are related to design and end user.

• In all cases these properties are product and country specific.
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Plastic packaging waste
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Adapted from: Cieplik, S. (2019): Vom Land ins Meer – Modell zur Erfassung landbasierter Kunststoffabfälle. 

of the discharge of plastic 

waste into the ocean in 

Germany is from packaging

53%[ton/a]



Inventory modelling and data

• Plastik Leak Project (PLP) Guidelines [1]

• Generic calculation rules for a plastic leakage 

assessment and specific calculation rules for 

macroplastics (e.g. packaging) 

Plastic (loss +  release) = plastic leakage

Calculated by life cycle stage
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[1] Peano, L. et al (2020). Plastic Leak Project: Methodological Guidelines., Quantis and EA. April 2020 v1.1. 



Litter impacts in LCA

• An impact assessment method to account plastic as a pollutant and include marine litter 

into LCA. Framework for modelling plastic litter impact pathways in LCIA models 

(MariLCA group) [2]

Our aim:

• Identify elementary inventory flows of plastic waste and litter in the packaging industry.

• A framework for LCA practitioners who assess packaging to determine the probability 

and percentage of packaging material that becomes litter. 

• Determine life cycle inventory of plastic packaging leakage
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[2] Woods, J. et al. (2021) A framework for the assessment of marine litter impacts in life cycle impact assessment



Proposed theoretical Framework

(under development)

• With the estimation of packaging litter potential (‘litter rates’) and littering as an EoL

scenario, the life cycle inventory flows of pollution can be determined.

Approach:

• Gate-to-grave

• Inventory data [kg of plastic leaked] 

• Probability and percentage of packaging material that becomes litter based on

• Design and material 

• Waste infrastructure (region / country specific)

• Previous research on plastic litter (product specific)

• Consumer behavior 

• …. (Other characteristic and factors)
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Life Cycle Inventory

Plastic leackage of packaging
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• New EoL scenario: litter

• Inventory

(1) Transfer from waste to litter 

(2) Direct generation of litter.



Estimation of (Marine) Litter rates (ML)

Influence of the plastic packaging design
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Source: Scagnetti, C., Lorenz, M. (2020): Marine litter contribution of plastic packaging in Germany. 



Outlook

• A framework like this 

could be adopted by LCA practitioners and decision-makers

could enable fairer and more realistic LCA comparisons of packaging

help prioritize regulatory action as well as choices within companies

serve as communication tool with consumers and end-users

• Framework to address this gap in LCA requires

potential flows of plastic entering different compartments of the environment

ongoing research on fate, exposure, effects, impact pathways, and impact 

assessment
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