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There is growing awareness to ensure the positive environmental impact of plastic materials, preventing their
accumulation in the open environment and mitigating contributions to climate change and biodiversity loss
(European Commission, 2019, 2022; UNEP, 2021). In Europe, the transition toward sustainable materials is
framed by the European Green Deal, the Circular Economy Action Plan (CEAP), and the EU Plastics Strategy,
which emphasise circularity, safe material design and improved end-of-life (EOL) management pathways
(European Commission, 2020). Within this context, the development of biodegradable polymers must follow a
comprehensive systems approach that integrates material design with EOL processes. Key challenges include
improving the inherent performance characteristics of biodegradable polymers to approach those of conventional
plastics in selected value chains where biodegradability adds functional value; finding proper compromise between
material optimum utility, recyclability (PPWR, European Parliament & Council, 2024) and biodegradation; and
fostering acceptance of this emerging domain among consumers and policy makers.

From a materials science perspective, the development of biodegradable polymer materials (BDPMs) for
packaging applications presents a complex technical challenge. These materials must achieve high mechanical
strength, thermal stability, chemical resistance and gas barrier properties comparable to fossil-based polymers such
as PP, PE and PET, while maintaining controlled and predictable biodegradation under defined environmental
conditions. Conventional biodegradable polymers often suffer from brittleness, limited thermal resistance, narrow
processing windows and inconsistent barrier performance. Moreover, biodegradation behaviour is strongly
dependant on polymer chemistry, molecular weight distribution, crystallinity, morphology and environmental
exposure conditions, necessitating precise control over structure—property relationships (Che Ab Aziz et al., 2022).

BioPackMan addresses this challenge through a systematic exploration of biodegradable polymers systems
and their structure-property-processing relationship, aiming to expand the functional design space of sustainable
packaging materials while embedding EOL performance as an integral design parameter (Figure 1). BioPackMan
materials design strategy centers on three principal biodegradable polyester families: polyhydroxyalkanoates
(PHAs), including shorth and medium-chain-length copolymers; poly(butylene succinate) (PBS) and its
copolymers (PBSA); and polylactic acid (PLA), aiming to create synergistic compound formulations with
application-specific mechanical strength, thermal stability, chemical resistance and gas barrier performance.
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Figure 1. Integrated BioPackMan packaging materials design cycle.

An extended compound design space is explored through copolymerisation to tune crystallinity and
degradation kinetics, reactive extrusion and compatibilisation strategies, controlled morphology engineering
(including phase distribution, crystallite size and interfacial adhesion), and the integration of sustainable additives
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and nano-reinforcements. This systematic formulation approach enables targeted optimisation of between others,
tensile and impact properties, oxygen transmission rate (OTR), moisture barrier performance and service
temperature resistance for application-specific requirements. To enhance functionality without compromising
biodegradability, the formulations incorporate cellulose nanofibres (CNFs) for stiffness reinforcement, lignin-
derived materials for antioxidant and UV-stabilising effects, natural extracts from low-value biomass streams for
stabilisation, and additive carrier systems ensuring uniform dispersion and interfacial compatibility. These
synergistic strategies improve structural integrity, thermal endurance and barrier efficiency while preserving
compostability and controlled biodegradation pathways. Processing—structure interactions further define the final
material performance.

A key innovation of BioPackMan is the adoption of a “biodegradation as a system property” approach,
integrating material design with intended and unintended end-of-life scenarios. Data-driven development is
supported by harmonised, machine-learning-ready datasets on polymer properties and biodegradability, lifetime
modelling methodologies, and the conceptual architecture of a Unified BDPM Digital Platform enabling predictive
assessment and accelerated optimisation. Circularity, safety and sustainability are embedded throughout the
development process via early implementation of the Safe-and-Sustainable-by-Design (SSbD) framework and life
cycle assessment methodologies, aligned with evolving EU guidance. By establishing a complete value chain,
from material producers to end users, BioPackMan will deliver optimised biodegradable polyester formulations,
sustainable additivation systems and innovative processing technologies for packaging demonstrators in food,
home care and personal care sectors. The project demonstrates that high-performance biodegradable packaging
can meet industrial requirements while advancing circular economy objectives and environmental protection.
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