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The bioplastics industry is expanding at a fast pace, providing environmentally friendly alternatives to nearly all
conventional plastics. Within this sector, there is a strong and growing demand for materials with biodegradation
properties, particularly for perishable food packaging products (European Bioplastics, 2025). The addressing of
this need requires the development of next generation of biodegradable polymers that can also be integrated into
recycling streams. Such a shift contributes to lower greenhouse gas (GHG) emissions (Shen, 2022), while ensuring
that these innovative materials deliver performance and functionality like traditional fossil-based packaging
plastics.

Poly(lactic acid) (PLA) is the most commercially viable bio-based and compostable polymer (European
Bioplastics, 2025); however, its brittleness, slow crystallization (Terzopoulou et al., 2024), limited antibacterial
and barrier properties (Mao et al., 2022) and slow biodegradation restrict its use in high performance food
packaging. As a result, the packaging industry continues to rely on complex, fossil-based multilayer structures that
are difficult to recycle and incompatible with circular economy goals.

The GRECO project seeks to reshape the food packaging sector by delivering sustainable, bio-based and
biodegradable solutions that respond to the growing demand for safe and circular packaging systems. Through a
holistic and integrated strategy, GRECO addresses key challenges related to environmental impact and food safety
in packaging applications.

The project concentrates on the development of innovative PLA-based copolymers via ring-opening
polymerization (ROP) of lactide and blends using bio-based polyester prepolymers derived from succinic, adipic,
and azelaic acids, as well as renewable diols. Both batch reactors and reactive extrusion (REX) are employed,
enabling energy efficient, solvent free and scalable production.

To replace conventional tin-based catalysts, GRECO develops green and safe catalytic systems, including
tailor-made hydrotalcites, metal oxides and bifunctional organocatalysts, ensuring high monomer conversion while
improving sustainability and regulatory compliance. Bio-based additives, including plasticizers, compatibilizers,
and antimicrobial agents, are produced using solvent-free and mechanochemical routes.

Material performance is enhanced through bio-based coatings and surface treatments (plasma, electron
beam and multinanolayer extrusion) to achieve improved oxygen and water vapor barrier properties and
antimicrobial activity. Packaging prototypes (films, trays and pouches) are produced using industrial processing
technologies such as blown film extrusion, sheet extrusion, and thermoforming.

Comprehensive characterization includes mechanical, thermal, rheological, and barrier testing, alongside
recyclability and biodegradation assessment under industrial and home composting, soil, marine, and anaerobic
conditions. Digital tools and Al-assisted modeling are applied to predict the structure, the properties and the
biodegradation relationships. Environmental, techno-economic, health and safety and social impact assessments
are conducted following SSbD principles and EU regulatory frameworks.
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Figure 1: Main GRECO concept
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GRECO has demonstrated the successful synthesis of >3 polyester polyols prepolymers through
polycondensation, with great thermal and mechanical performance. These prepolymers were used as initiators in
the ROP of the lactide and the production of the copolymers. Thus, high molecular weight PLA copolymers (Mw
> 100 kg/mol) were synthesized with significantly improved mechanical and thermal properties while maintaining
the processability. Also, the developed materials are expected to exhibit substantially enhanced oxygen and water
vapor barrier properties, enabling their use in flexible and semi-rigid food packaging applications.

The GRECO project demonstrates that PLA-based materials can be transformed into fully circular, high
performance food packaging solutions by combining tailored copolymer design, green catalysis, functional
additives, advanced surface treatments and SSbD principles. The developed materials successfully bridge the gap
between biodegradability, recyclability and industrial performance, addressing a critical unmet need in the food
packaging sector.

By validating scalable technologies, ensuring regulatory compliance and integrating environmental and
societal considerations, GRECO paves the way for the industrial adoption of next generation bio-based packaging
aligned with EU Circular Economy, Plastics Strategy and sustainability goals.
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