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PROBLEM & BACKGROUND
INFORMATION

Currently, most barrier packaging is based on multilayer extruded or laminated structures. The complexity of these 
containers means that their recycling is much more complex, causing them to end up in landfills or incineration plants.

One of the main lines of work in innovation in the packaging sector is trying to find a solution to this problem by 
creating a packaging system with properties similar to those of conventional plastic containers and which, in addition, 
does not pose a problem in terms of sustainability.

Global plastic production, which has been increasing steadily 
since the 1950s, has reached 370 million tons by 2020. However, only 
14% of plastic packaging is recycled, while 40% ends up in landfills 
and 32% leaks out of the collection system. 
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In this context, the transition to a circular economy for the packaging industry and the MANDALA project are essential.

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

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. Therefore, combining various 

materials offers distinct properties 
and functionalities, resulting in an 
optimal packaging structure. 
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There is also a lack of eco-design and decision 
making on packaging reuse, which makes 
recycling, reuse and recovery of these plastic 
materials a major challenge for today's society.

Specifically, today's multilayer packaging, in which each layer is composed of 
different polymers that perform specific functions, is not recyclable and the end 
of its useful life is incineration or landfill. Adding to this challenge is the fact that 
currently available biological waste treatment processes are often not suitable for 
compostable bio-based packaging. 

In relation to the measures taken so far to 
try to alleviate this problem, at European 
level, in 2018, a European Strategy for Plastics in a Circular Economy 
was launched. It established new rules for waste management and 
included legally binding recycling targets. 

This prevents the diffusion of gases from the outside to the 
inside of the package and vice versa, thus maintaining the 
qualities of the product over time, extending its shelf life and 
ensuring product safety.

 One of the critical properties that plastic materials for food 
and pharmaceutical packaging must have is their barrier 
capacity to preserve the nutritional and organoleptic qualities 
of the product. 
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PROJECT SCOPE
& OBJECTIVES

The MANDALA project presents a sustainable solution for the 
plastic packaging sector which tackles 3 pillars:

eco design
dual functionality
end-of-life

ECO-DESIGN

DUAL 
FUNCTIONALITY

Multilayer monomaterial

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

Objective 1:

Demonstrate the feasibility of a Circular Economy for multilayer packaging by validating 4 end-of-life scenarios 

The goal of the project is to demonstrate 
that MANDALA solution (a combination of 
novel product and technology) is efficient for 
the delamination of multilayer packaging. 
Therefore, it favours the sorting and cleaning 
process without polluting neither the 
biodegradable-waste flow nor the 
recyclable-waste flow, obtaining high purity 
polymers and recovering all fractions of the 
original product (coming from films and 
adhesives). 

To this end, the project tackles three main 
pillars of the multilayer packaging product:

Working on the eco-design.

 Developing dual functionalities in the adhesives to solve the end-of-life problem 
    while  meeting food and pharma requirements

Demonstrating the valorisation of the recovered materials and assessing 
  best end-of-life routes (including  biodegradability under industrial composting 
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. 

Objective 2:

Validate MANDALA packaging prototypes in 2 sectors (food and pharma) contributing to the creation of 1 new 
“circular” value chain.

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.

MANDALA will assess the environmental, social and economic impacts originated from the project products using LC approach.
thermoreversible
covalent bonds 



HOW THE MANDALA CONSORTIUM
TACKLED THE PROBLEM

The MANDALA consortium is a robust network of experts 
spanning the new "circular" value chain, including chemistry 
experts who work with functional polymers, packaging designers, 
end-users, and end-of-life waste managers. The consortium 
encompasses all agents from raw materials to consumers and has 
intentionally kept the number of partners to a minimum to prevent 
duplicated efforts. It comprises 11 partners with complementary 
competencies, including 7 industrial partners (BIO-MI, GAVIPLAS, 
CADEL, COSMETIC, and ARCHA as SMEs, SAPICI as a large company, 
and a cluster of food SMEs  FOOD+I), and 4 research partners 
(NORNER, CSIC-ICTP, CTIC-CITA, and AITIIP) who provide support to 
the consortium's companies and drive the main scientific and 
technological activities in the MANDALA work plan.

The methodology employed in the project is categorized into 
three blocks.

The first block focuses on research on adhesives and polymers, 
including molecular modifications at the lab level to produce 

functional products and upscaling to obtain multilayer packaging 
prototypes.

The second block aims to test the most effective end-of-life route 
    and assess its sustainability.

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

Duration: 48 months

Budget: 4,5 M€



Aitiip Technological Centre is a non-profit private entity 
which goal is to increase the competitiveness of the 
companies in the moulds and plastic parts manufacturing 
industry, and as well as to spread knowledge and to transfer 
the know-how to face new technological challenges.

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). 
The CSIC is composed of 121 institutes. From these, the ICTP 
is the only fully devoted to scientific and technical research 
in the field of polymeric materials, and to provide technical 
support to the industrial sector.

CTIC CITA is a technological centre devoted to attend the 
research and technical needs required in the Food Industry, 
promoting the development and competitiveness of the sector 
by promoting research and technological development, 
innovation, increased production quality, improved 
competitiveness, security of its processes, training of its 
workers and adaptation to current legislation.

COSMETIC is a dynamic SME producing a great range of 
tailor –made cosmetics, food supplements and medical 
devices. Its core competence lies on the production of 
specialized end products as a contract 
developer-manufacturer.

ARCHA S.r.l. (ARCHA) is an Italian SME that provides 
chemical & biological analytical, research and consultancy 
services to enterprises, in different industrial sectors such 
as food, waste management, paper, tannery, textiles, ICT, 
metallurgical, pharmaceutical and biomedical.

OUR
PARTNERS

S.A.P.I.C.I. S.p.A. is a global innovation and full-quality 
driven developer and manufacturer of advanced and 
high-performance polyurethane products for such 
applications as Coating, Flexible Packaging, Industrial 
Adhesives, Prepolymers, Inks, and more.

CADEL RECYCLING LAB S.L.  is a technological company 
created to promote plastic circular economy. CADEL has 
developed an innovative plastic recycling process that can 
remove printed ink from plastic surfaces in recycling and 
converting companies.

BIO-MI Ltd. is a small and medium size manufacturer and 
research and development company that is dedicated to 
the production of final and semi-final thermoplastic 
materials and products used for the production of primary, 
secondary and tertiary packaging but also in agriculture & 
construction sectors.

NORNER Research AS is a Norwegian non-profit private 
company with an ambition to explore smart products, safe 
polymers and new production technologies for sustainable 
packaging solutions and safe food protection. 

 GAVIPLAS has more than 50 years' experience in 
manufacturing flexible packaging and other products that 
employ flexible films. Over those years, they have been 
specializing more and more, in food, agro and sanitary sectors; 
currently we are suppliers of different European companies and 
have been continuously purchasing new machinery.

Cluster FOOD+i association is a non-profit organization set 
up in 2009 that manages the food industry cluster called 
“Cluster FOOD+i” in the Ebro Valley region, NE Spain and 
interacts regularly with an ecosystem formed by more than 
250 food companies.



RESULTS OBTAINED 
& PROJECT IMPACT 

The MANDALA project, which ends in May 2023 after 4 years of 
hard work, is developing on a pilot scale, from commercial materials 
and adhesives, on the one hand, an adhesive with dual 
functionality, thermo-reversible and improving barrier properties 
(whose patent application is in progress) and, on the other hand, 
the development of polymeric film matrices with a high content of 
bio-based and/or biodegradable and/or recycled materials. 

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.

The thermoreversible bonds in the adhesives can be 
formed/broken up to 20 times without significant degradation.

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. 

The results obtained indicate that, although the costs of 
bio-based raw materials are higher, their waste management is 
considerably reduced. In addition, MANDALA products reduce 
ozone depletion and the use of fossil and mineral resources. 

In general terms, the MANDALA final solutions presented are characterized by 
offering lower environmental and economic impacts compared to 
benchmark fossil-based counterparts:

Enhanced end-of-life performance tested 
according to official certifications

 Industrial Composting

 Home Biodegradability

 Soil Biodegradability

 Marine Biodegradability

 Water Bioedegradability

50%
reduction in CO2 
and other greenhouse 
gas emissions

8%
reduction of
atmospheric
damage

33%
reduction of 
consumption of 
fossil fuels sources

26%
reduction of the cost 
considering raw 
materials and end-of-life

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.

KEY ACHIEVEMENTS AND 
IMPACTS ON SUSTAINABILITY

Finally, a consumer study was carried out to identify the barriers and opportunities presented by its commercialization. In general, 
the environmental awareness of consumers at the time of purchase has been demonstrated.

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.
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