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PROBLEM & BACKGROUND
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There is also a lack of eco-design and decision
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packaging

reuse,

which makes

recycling, reuse and recovery of these plastic
materials a major challenge for today's society.
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Approximately 60% of the films used in

the food industry are laminated films
of different materials.

The reason for utilizing complex films is that
no individual material satisfies all the
essential criteria for product preservation.

The main application of complex films
is for flexible packaging of food and
pharmaceutical products.

Therefore, combining various
materials offers distinct properties
and functionalities, resulting in an
optimal packaging structure.
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PROJECT SCOPE

The general objectives have been achieved through these two different specific objectives, each one contributing to the
success of the project in its totality:

Demonstrating the valorisation of the recovered materials and assessing
best end-of-life routes (including biodegradability under industrial composting
8) 8 conditions, biodegradability under other soil and marine environments,
mechanical recyclability and chemical recyclability) ensuring that they will be
returned to the market assuring a real circular economy.

2nd chance/life
for these splitted
and recovered
materials
Validation of industrial products based on the use of MANDALA prototypes production with optimum performance/cost ratio for the
food (meat and ready-to-eat meals) and pharma (blisters for pills and pharma trays coverings) sectors. These materials were characterized
and tested using standard protocols that simulate real life operation by the end-users involved in the MANDALA consortium.



HOW THE MANDALA CONSORTIUM

The third block is dedicated to horizontal activities, such as IPRs
and exploitation, dissemination and communication, and project
mManagement.

Duration: 48 months

Budget: 4,5 M€
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The Spanish National Research Council (CSIC) is the
largest public institution dedicated to research in Spain

(over 13,330 employees including about 4,345 researchers). C s l C ARC.:HA S.r:l. (A!QCH A) is an ltalian SME that provides
The CSIC is composed of 121 institutes. From these, the ICTP s cogfBi chemical & biological analytical, research and consultancy
is the only fully devoted to scientific and technical research /\RO_V\ services to enterprises, in different industrial sectors such
in the field of polymeric materials, and to provide technical as food, waste management, paper, tannery, textiles, ICT,
support to the industrial sector. metallurgical, pharmaceutical and biomedical.
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BEAUTY CARE EXCELLENGE

Cluster FOOD+i association is a non-profit organization set

& NORNER Research AS is a Norwegian non-profit private up in 2009 that manages the food industry cluster called d
J company with an ambition to explore smart products, safe “Cluster FOOD+i"” in the Ebro Valley region, NE Spain and f°°
Nor Mer. polymers and new production technologies for sustainable interacts regularly with an ecosystem formed by more than

e Fomer Erplores packaging solutions and safe food protection. 250 food companies.



RESULTS OBTAINED

HIGH-QUALITY RECYCLED MATERIALS

Starting with new adhesives, different thermo-reversible adducts have
been incorporated into polyurethane, the most widely used commercial
adhesive in multilayer plastics. Packaging with this new adhesive can be
treated In recycling plants to obtain, separately, the different
mono-material plastic sheets. In this way, high-quality recycled materials
are obtained.

ECO - DESIGN

In addition to opening the door to the recycling of multilayer plastics,
MANDALA has incorporated recycled and bio-based materials into its
packaging based on eco-design analysis. To ensure the economic and
environmental viability of these new packages, a life cycle analysis (LCA)
and a life cycle cost analysis (LCC) have been carried out. These two
methodologies provide a holistic view of the environmental impact and
economic cost along the entire value chain.

BIODEGRADABILITY

In parallel, the end-of-life analysis of the packaging also includes its biodegradability, disintegration and ecotoxicity, as defined within EN
13432 for industrial compostable packaging. MANDALA's biodegradable products meet the requirements both in a marine (including
freshwater) and terrestrial environments (industrial, home and soil) for biodegradability properties and the final MANDALA demonstrators are
compliant with the "OK compost INDUSTRIAL" scheme to achieve the specific certification label.

In general terms, the MANDALA final solutions presented are characterized by
offering lower environmental and economic impacts compared to
benchmark fossil-based counterparts:
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Among the results obtained, the most important aspect for most of those surveyed was the recyclability of the
packaging, and they were willing to accept a reduction of up to 25% in the durability of the products in exchange.

In addition, recyclable plastic packaging and compostable plastic packaging are the preferred options when pur-
chasing raw meat, cured meat or ready-to-eat meals.

These products have been validated in the project, which is consistent with 92.1% of consumers showing
interest in the development of a 100% recyclable multilayer food film.






