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Global plastic consumption has risen substantially over the past two decades, with plastics production and use
reaching 435 million tonnes in 2020, up from 234 million tonnes in 2000 (OECD, 2024). Available projections
suggest that global plastics use could increase by at least 70% relative to 2020 levels by 2040. Sectoral analyses
of plastics demand indicate that packaging is the largest end-use both globally and in Europe, accounting for
approximately 40% of virgin polymer demand (PlasticsEurope, 2023; European Environment Agency, 2024).
Eurostat data show that in 2023 the EU generated 35.3 kg of plastic packaging waste per capita, of which 14.8 kg
was recycled (appr. 42%) (Eurostat, 2025). EU policy maintains binding recycling targets for packaging materials.
Under the Packaging and Packaging Waste Regulation (PPWR), Member States must achieve a 50% recycling
rate for plastic packaging by 31 December 2025 and 55% by 31 December 2030 (PPWR, 2025). In this respect,
Lithuania’s performance is close to the EU average (low-40% range), implying a persistent gap relative to both
the near-term and 2030 targets. The PPWR further introduces mandatory minimum shares of recycled content in
plastic packaging — specifically recycled materials derived from post-consumer plastic waste — that must be
ensured in the plastic component of packaging placed on the market by 2030 at the latest (e.g. 30% recycled content
for PET packaging intended to come into contact with sensitive products). Meeting these requirements is
challenging due to stringent hygiene and safety standards, as well as organisational and technical constraints across
collection, sorting, decontamination, and quality assurance systems (Khan et al., 2024).

At present, plastic packaging waste is predominantly treated through conventional mechanical recycling
(MR). MR is primarily a physical reprocessing route in which plastics are collected, sorted, washed, and converted
into secondary raw materials without intentionally altering the polymer’s chemical structure (Schyns and Shaver,
2021). In general, MR is comparatively cost-effective and is often associated with lower environmental burdens
than alternative treatment options. However, its technical and economic performance declines markedly for
feedstocks that are contaminated, highly heterogeneous, or composed of multilayer and composite structures, as
these characteristics limit sorting efficiency, reduce yields, and deteriorate recyclate quality. In addition, under
current EU regulatory requirements for recycled plastics in certain high-sensitivity applications (e.g., Commission
Regulation (EU) 2022/1616 and related provisions), mechanically recycled post-consumer plastics face substantial
practical constraints for use in high added-value applications, particularly where stringent safety and quality
assurance standards apply. In circular economy terms, recycling should prioritise waste-to-material pathways that
retain material value and enable the production of high-quality secondary materials capable of substituting virgin
polymers in demanding applications (Chen et al., 2021). In Lithuania, plastic packaging waste is currently recycled
predominantly through established MR routes, whereas chemical recycling (CR) remains marginal at the EU level
— on the order of appr. 1% or less of the plastic packaging waste stream — reflecting limited capacity and
deployment to date (Plastics Recyclers Europe, 2025). Nevertheless, CR technologies are increasingly discussed
as complementary options for fractions that are difficult to recycle mechanically and may contribute to improved
plastic circularity if appropriately targeted and governed (Lase et al., 2023). Against this background, the national
relevance of the present study is clear: it is necessary to critically assess the current management of plastic and
composite packaging waste in Lithuania and to evaluate alternative recycling scenarios that could help close the
gap to EU recycling and recycled-content targets.

Methods. This study focuses on the polymer types most prevalent in Lithuanian plastic packaging waste
streams. To quantify and characterise the distribution of plastic and composite packaging waste by polymer and
packaging format, a detailed morphological composition analysis was conducted in 2023-2025 at selected
Lithuanian waste management facilities. The analysis covered both mixed municipal waste and separately
collected waste fractions and enabled the assessment of waste quality (e.g., contamination and material
heterogeneity) and quantity. In addition, a comprehensive material flow analysis (MFA) was performed to map
and quantify the actual pathways of plastic and composite packaging waste within the Lithuanian waste
management system. For this purpose, empirical and secondary data were compiled from: (i) national official
waste statistics; (ii) annual and activity reports of Lithuanian waste management companies and compliance



organisations; (iii) facility-level operational data (where available) on sorting outputs, rejects, and treatment routes;
(iv) expert surveys and/or structured interviews with key stakeholders; and (v) empirical calculations to reconcile
inconsistencies and close data gaps. Finally, three alternative management scenarios for plastic and composite
packaging waste were developed and evaluated using MFA principles, allowing a comparative assessment of
potential system-level changes in waste routing and treatment.

Results. During the morphological composition investigations of collected waste, the following plastic and
composite packaging categories were identified: HDPE (jars), LDPE (film), PP (jars/rigid packaging), PP (film),
PET (bottles/rigid packaging), PS (foam), PS (jars/rigid packaging), other plastics, carton-based composite
packaging (e.g. beverage cartons/Tetra Pak), and multilayer packaging (e.g. blisters). The aggregated results
indicate substantial differences in the plastic share between mixed municipal waste and separately collected
packaging waste streams (commingled, door-to-door): plastics accounted for approximately 39.1% and 67.4%,
respectively. Previous work (Lysthva, 2025) suggests that household type (single-family vs multi-family) also
affects the plastic fraction in collected waste; however, the magnitude and drivers of this effect require further
investigation. Based on these empirical inputs, a baseline (status quo) scenario and three alternative scenarios were
developed to represent the flows of the selected polymers and packaging types in 2024. Mass flows under the
alternative scenarios were modelled by applying (i) projected changes in waste composition and capture, (ii)
improvements in transfer coefficients (e.g. sorting efficiencies and reject rates), and (iii) alternative routing to
recycling pathways, including mechanical recycling (MR) and, where relevant, chemical recycling (CR). The first
table summarises the modelled scenarios.

Table 1. Scenario parameters used for modelling the analysed waste streams

Scenario Justification and Description The main outputs
from the recycling
SO (status Baseline scenario, flows of plastic waste in 2024 Secondary RM
quo) (polymers) from MR
S1 This scenario assumes improved capture via separate collection Secondary RM
(improved and enhanced sorting, thereby increasing the share of plastic (polymers) from MR
separation/so waste routed to recycling (Hryb and Wandrasz, 2025;
rting) PlasticsEurope, 2023)
S2 (CR In this scenario, conventional MR routes are assumed to be fully ~ Polymers from CR
substitutes replaced by advanced CR technologies (depolymerisation, (high-quality
MR) pyrolysis, gasification, and solvent-based recycling (SBR), etc.)  polymers or new raw
(Martinez-Narro et al., 2024; Lase et al., 2023; Rizos et al., chemicals for the
2023) manufacturing of
plastics)
S3(CRasa The most feasible scenario prioritises MR for clean, Secondary RM
supplement homogeneous fractions and routes the remaining non-MR- (polymers) from MR
to existing suitable packaging plastics to CR (Tonini et al., 2022; Schyns + Polymers from CR
MR) and Shaver, 2021)

All scenarios are consistent with the EU legal framework for plastic packaging recycling, which defines

recycling as a waste-to-material operation and explicitly excludes energy recovery and the reprocessing of waste
into materials intended to be used as fuels. Accordingly, the modelled scenarios prioritise material recycling
pathways and do not include waste-to-energy or waste-to-fuel routes as recycling outcomes.
Conclusion. The material flow analysis (MFA) applied in this study enabled the identification and quantification
of plastic and composite packaging waste flows by polymer type and packaging format, thereby providing a
system-level representation of material routing and losses within Lithuania’s waste management system. The
synthesis of the reviewed literature and policy-oriented sources indicates that the development and targeted
integration of chemical recycling (CR) into the existing treatment system may be necessary to address those
packaging fractions that are not amenable to high-quality MR (Chen et al., 2021). At the same time, improving the
effectiveness and quality of separate collection and sorting remains a prerequisite for high added-value recycling
— particularly for MR — because it reduces contamination and increases the availability of relatively homogeneous
fractions suitable for mechanical processing (Bruns et al., 2026). Building on the polymer and packaging-specific
MFA models developed here, further research should evaluate the alternative management scenarios using a more
comprehensive sustainability framework, including environmental and economic assessment (and, where feasible,
social indicators), to support robust decision-making.
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