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Extended Abstract:

Traditional linear economic consumption models have contributed to environmental challenges such as climate
change, pollution, and loss of biodiversity. In a circular economy, materials are kept in use for as long as
possible by recovering and regenerating them at the end of their life cycle. For plastic and paper packaging,
industry has developed mechanical and chemical recycling technologies, and requlatory incentives contribute
to the advancement of a circular economy.

In parallel, efforts are underway to develop biodegradable packaging that can be treated in dedicated organic
waste facilities. Although food packaging should ideally be designed for reuse or technical recycling, it can
also be made biodegradable under very specific conditions related to organic waste treatment, as defined by
the European Packaging and Packaging Waste Regulation (EU Requlations, 2024). These conditions include,
for instance, whether the packaging is contaminated with food residues at the end of its lifecycle, whether it
facilitates the diversion of organic waste towards bio-waste recycling, and whether it is frequently identified
as a contaminant within the organic waste stream. For biological waste, processes such as composting or
anaerobic digestion help mitigate issues associated with traditional disposal methods, such as landfill or
incineration, while simultaneously returning nutrients to the soil through compost or digestate. However,
biodegradable packaging has not been proven to provide significant value to compost (Hilton et al., 2020),
which explains the predefined conditions for its implementation in the market related to organic waste
treatment.

The cases discussed above cover the intended end-of-life scenarios of biodegradable packaging, which should
end in @ managed compost or biogas facility for biowaste treatment. However, biodegradable packaging is
also often discussed in the context of unintended littering or inadequate recycling infrastructure, particularly
when it enters the biosphere under uncontrolled biological conditions. Cases of unmanaged landfill or littering
should never be considered targeted end-of-life scenarios and must be addressed separately (see Fig. 1).”
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Fig. 1 Biodegradability of paper: end of life considerations

One emerging strategy in the development of packaging materials is to address multiple possible end-of-life
scenarios, primarily targeting both recyclability and compatibility with organic waste treatment. Paper is often
utilized as a substrate due to its low cost, the biodegradability of cellulose, and the broad availability of paper
recycling. These substrates are combined with functional biodegradable coatings using different application
technologies. This contribution will investigate the biodegradability of various bioplastics and their suitability for
paper-based food packaging. There are different types of biobased and fossil-based biodegradable plastics (see
Figure 2), each suitable for specific dedicated organic waste treatments.
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Fig. 2 Definition of bioplastics according to European Bioplastics (Source EUBP)

Finally, the development of biodegradable packaging solution in a managed end-of-life scenario also needs to
consider certification schemes as well as available waste treatment infrastructures. Different organic waste treatment
technologies have been developed, mainly driven by agricultural as well as organic consumer waste treatment
needs. The 2 dominant technologies of anaerobic digestion and industrial composting are often combined as two
subsequent processes and therefore, biodegradable packaging should be compatible with both processes.

CONCLUSION

In summary, modern circular economies necessitate the development of recyclable food packaging that complies
with a multitude of requirements. In addition to ensuring production efficiency, food protection, and mechanical
resistance, the packaging must be compatible with contemporary recycling technologies. Under specific
circumstances, particularly to promote biowaste collection and treatment, food packaging can be designed to
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be biodegradable for processing in dedicated biowaste facilities. For paper-based packaging, this is realized by
applying biodegradable polymers to a paper substrate, typically in the form of aqueous, solvent-based, or extruded
coatings, to enhance heat sealability and barrier properties. Importantly, food packaging should not be designed to
biodegrade in open environments. Furthermore, in instances of unintended littering of biodegradable packaging,
additional research is required to assess the environmental impact, which is influenced by factors such as fate,
exposure, and effect.
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