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Massive production of plastic for various application along with accelerated plastic waste disposal rate. Plastic
pollution incurred by improper waste management and plastic waste leakage, leading to concern on ecosystem and
human health. Therefore, reducing plastic waste and revamping waste management is essential to alleviate the
plastic pollution burden on vulnerable environmental compartments. In 2023, 413.8 Mt of plastic produced
globally, among that only 36.5 Mt was mechanically (8.7%) and chemically (0.1%) recycled (Plastics Europe,
2024). Approximately 40% of plastic production applied in the packaging sector, among that 45% is flexible
packaging including consumer and industrial (CEFLEX, 2023). Despite its widespread use, lower recovery rate of
flexible plastic packaging (FPP) was reported compared to rigid plastics such as PET and HDPE due to its low
density, material complexity, and limited sorting and recycling infrastructure. Additionally, flexible plastic films
hamper the recovery of other target materials (Antonopoulos et al., 2021). Currently, only PE was sorted in a
separate fraction and further recycled among all FPP, whereas other flexible packaging mainly ended up in the
mixed plastics streams or as contaminants in sorted PE or mixed polyolefin film bales, eventually in landfill/
incinerator due to currently insufficient sorting and recycling infrastructures, and weak market demand of recycled
flexible plastic materials. WRAP (2023) reported that 665 kt of FPP were placed on the UK market in 2021, and
51% were used in the consumer sector, with only 4% of film being kerbside collected for recycling. And 15% of
flexible films were sent for recycling in the EU 28+2, which is far below the recycling rate target for FPP is 55%
by 2035 (Plastic Recyclers Europe, 2023). Several studies have demonstrated that the recycling rate of post-
consumer FPP is very low, and advanced sorting & recycling technologies is urgently needed to promote the
closed-loop recycling systems (Horodytska et al., 2018). While near-infrared (NIR) sorting technologies are widely
applied for polymer-based separation, current practices typically recover only polyethylene (PE) films as a
dedicated fraction, whereas other FPP types (e.g. polypropylene, metallised, and multilayer films) are commonly
downgraded into mixed polyolefin streams or residues. Moreover, plastic waste include not pure primary
component, but also include secondary and tertiary components for various purpose. For instance, packaging with
sleeves, label and surface prints for marketing; whereas barrier layer, tie layer and additives are included for better
functionality and extend the shelf life. These component complexity challenging sorting and recycling, limiting
high-value application of recycled materials. Therefore, advanced sorting technology such as digital watermarking,
has been developed to overcome the detection challenges of NIR on complex packaging waste.

Therefore, this work focus on FPP applying a mathematical model to predict the material flow of FPP
within general MRFs and centralised FPP sorting plant, and evaluate the economic viability of FPP sorting under
different scenarios. Specifically, business-as-usual BAU represent sorting practice in some European countries
that with advanced waste management system (i.e. Germany, Sweden), where household packaging waste were
separately collected and sorted into different recyclable fractions at material recovery facilities (MRFs). For
flexible plastic packaging, only mono-PE flexibles (PE) and mixed polyolefin flexibles (MPO) are targeted to sort
into commodity bales (DSD 310 and DSD 323-2, respectively). Scenario 1 represents a potential centralised MRF
for flexible plastic packaging that collected from PMD MRF, where all light fraction after air classifier and 2D
fraction after ballistic separator are sent to centralised FPP sorting plant for future sorting. This scenario assume
that digital watermark applied to FPP to improve its circularity.

The model includes three key input parameters: (i) process sequences in MRFs; (ii) waste categories and
quantities; (iii) sorting efficiencies for each product at each process unit (Kleinhans et al., 2021; Lase et al., 2022;
Testa, 2015). The model output provide information related to (i) waste composition at each sorting unit and output
stream; (ii) recovery rates of targeted waste items; and (iii) quality of the output streams. Accordingly, model
outcomes are coupled with economic assessment to examine the sorting cost of different FPP under varying
conditions. Detailed cost breakdown includes capital costs (equipment, installation, construction, project
management, and etc.) and operation costs (labour, electricity, gas, fuel, maintenance, insurance, and etc) for both
general PMD MREF and centralised FPP sorting plant.

The material flow results are coupled with economic assessment to evaluate the cost-effectiveness of FPP
sorting, including capital and operational expenditures for both general PMD MRFs and the centralised FPP sorting
plant. Preliminary results reveal that 80% of PP FPP can be recovered as a dedicated fraction for downstream
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recycling at centralised FPP sorting plant, compared to 55% and 36% ended up in the mixed polyolefin MPO and
residual fraction, respectively, under current sorting practice (Figure /). Similar improvements are observed in
other FPP waste, such as metalized PP, and multi-layer FPP. The estimated sorting costs amount to 107 EUR per
tonne for supplying feedstock to the centralised FPP sorting plant and 214 EUR per tonne of sorted FPP output
material. Overall, findings from this work demonstrates the potential of advanced sorting strategies to significantly
improve FPP recovery performance, providing insights into sustainable waste management of FPP.
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Figure 1. Sankey diagram of PP FPP flow at defined general PMD sorting plant (top) and centralised FPP sorting
plant (down), where high-resolution camera (OS) implemented to sort digital-marked FPP waste.

Acknowledgements

This work is funded by the PROSPER (Promoting innovation for sustainable sorting and recycling of dedicated
bio-based plastics) project, which is supported by the Circular Bio-based Europe Joint Undertaking and its
members under grant agreement N 101157907, funded by the European Union.

References

CEFLEX. (2023, June 6). Multi-country study setting new benchmark for detail and understanding of plastic
packaging in European waste streams. CEFLEX. https://ceflex.eu/multi-country-study-setting-new-
benchmark-for-detail-and-understanding-of-plastic-packaging-in-european-waste-streams/

Horodytska, O., Valdés, F. J., & Fullana, A. (2018). Plastic flexible films waste management — A state of art
review. Waste Management, 77, 413—425. https://doi.org/10.1016/j.wasman.2018.04.023

Kleinhans, K., Hallemans, M., Huysveld, S., Thomassen, G., Ragaert, K., Van Geem, K. M., Roosen, M., Mys,
N., Dewulf, J., & De Meester, S. (2021). Development and application of a predictive modelling
approach for household packaging waste flows in sorting facilities. Waste Management, 120, 290-302.
https://doi.org/10.1016/j.wasman.2020.11.056

Lase, I. S., Bashirgonbadi, A., van Rhijn, F., Dewulf, J., Ragaert, K., Delva, L., Roosen, M., Brandsma, M.,
Langen, M., & De Meester, S. (2022). Material flow analysis and recycling performance of an
improved mechanical recycling process for post-consumer flexible plastics. Waste Management, 153,
249-263. https://doi.org/10.1016/j.wasman.2022.09.002

Plastic Recyclers Europe. (2023). 2023 FLEXIBLE FILMS MARKET IN EUROPE (p. 33).

Plastics Europe. (2024). The Circular Economy for Plastics — A European Analysis 2024 (p. 114). Plastics
Europe AISBL. https://plasticseurope.org/knowledge-hub/the-circular-economy-for-plastics-a-
european-analysis-2024/

Testa, M. (2015). Modeling and design of material recovery facilities: Genetic algorithm approach.
Massachusetts Institute of Technology.

WRAP. (2023). PLASTIC MARKET SITUATION REPORT 2022. https://www.wrap.ngo/sites/default/files/2023-
10/Plastics%20Market%20Situation%20Report%202022.pdf






