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Forewords: Descrip1on of the Consor1um, scope, par1cipants 

Through regula0on EU 2022/1616 on recycled plas0c materials and ar0cles intended to come in 
contact with food of 15th of September 2022, the European Commission sets new obliga0ons for the 
recyclers using the func0onal barrier principles in its ar0cle 32.2. 

A consor0um has been established by PETCORE Europe AISBL (“PETCORE”) and EUPC AISBL (“EUPC”) 
to assist their members using the func0onal barrier principles for the manufacture of PET 
thermoformed packaging food contact applica0ons in complying with the above-men0oned 
regula0on. 

Par0cipants to the consor0um have provided informa0on and data to support the establishment of 
this no0fica0on document. 

More than 50 companies, represen0ng more than 200 produc0on lines through Europe have joined 
this consor0um and it is es0mated that they represent more than 70% of the European produc0on 
capaci0es of Thermoforms using the func0onal barrier principles. 

A list of the members of the consor0um is provided in Annex 4. 

 

General informa1on  

• Recycled Polyethylene Terephthalate (rPET) is largely used in direct contact with food when it 
is produced with processes that are capable to decontaminate the polymer recovered from 
waste streams to a level which makes it in compliance with ar0cle 3 of Regula0on (EC) 
1935/2004 1. These processes include several treatments, comprising a combina0on of 
temperature, melt filtra0on and removal of vola0les through vacuum or the flow of air or other 
gases. These treatments are carried out in order to remove the contaminants.  

• To secure the achievement of the appropriate level of protec0on, the product is processed 
behind what is called a “func0onal barrier “. 

• This technology has been used for over 20 years, and a large number of tests have been carried 
out by independent laboratories during this period to ensure compliance and health safety.  

A defini0on of func0onal barrier can be found in art. 3(15) of Regula0on (EU) 10/20112.  The func0onal 
barrier must be able to reduce the migra0on of contaminants below the specified migra0on limits for 
genotoxic substances. These limits represent the worst case, since they assume that all contaminant 
substances are genotoxic substances.  

Star0ng from a maximum tolerable daily intake for genotoxic substances equal to 0.0025 µg/kg body 
weight per day, the European Food Safety Authority (EFSA)3 considers that a maximum migratable 

 
1 h#ps://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32004R1935&from=EN  
2 Commission RegulaLon (EU) No 10/2011 of 14 January 2011 on plasLc materials and arLcles intended to come 
into contact with food (europa.eu): “‘func%onal barrier’ means a barrier consis%ng of one or more layers of any 
type of material which ensures that the final material or ar%cle complies with Ar%cle 3 of Regula%on (EC) No 
1935/2004 and with the provisions of this Regula%on”. 
3 EFSA (2016). EFSA Panel on Food Contact Materials, Enzymes, Flavourings and Processing Aids (CEF), (2016). 
Recent developments in the risk assessment of chemicals in food and their potenLal impact on the safety 
assessment of substances used in food contact materials. EFSA Journal, 14, 1-28. 
h#ps://doi.org/10.2903/j.efsa.2016.4357 

https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32004R1935&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011R0010&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32011R0010&from=EN
https://doi.org/10.2903/j.efsa.2016.4357
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amount of 0.017 μg/kg for infants, 0.028 µg/kg for toddlers and 0.15 µg/kg for adults represent a 
threshold below which there is no safety concern for human health.  

An EFSA Opinion4 published in 2011 sets a reference contamination level for post-consumer PET 
conservatively to 3 mg/kg PET for a contaminant resulting from possible misuse.  Within this scenario, 
for the assessment of mechanically recycled PET intended for general use, EFSA applies a migra0on 
modelling which contains overes0ma0on factors. To compensate the overes0ma0on, EFSA set limits 
of migra0on at 0.1 μg/kg food for infants, 0.15 µg/kg food for toddlers and 0.75 µg/kg for adults. In 
this scenario it is assumed that all possible contaminants are genotoxic substances. 

In the interim, EFSA has revised its guidance in 20245. It is acknowledged that the materials and ar0cles 
obtained with this technology are not intended for use by infants. Furthermore, all assessments have 
been conducted in accordance with the threshold applicable for toddlers. Given that the parameters 
remain largely unchanged for toddlers under the new guidance, this no0fica0on dossier will con0nue 
to refer to the 2011 EFSA guidance. 

 

Descrip1on of the structures containing the func1onal barrier 

rPET is used in food contact materials for two main applica0ons: direct contact with food and indirect 
contact with food. For direct contact with food, the original PET is decontaminated in super-clean 
processes, and the resul0ng rPET is used for producing new containers. For indirect contact with food, 
the original PET is mildly decontaminated, and subsequently embossed between two layers of virgin 
PET, or PET origina0ng from super-clean processes. In this case, the layer in contact with food acts as 
“func0onal barrier”, preven0ng any possible contaminants in the rPET to  be transferred to 
food in a quan0ty that endangers human health and, therefore, making the final structure compliant 
with Regula0on (EC )1935/2044, in par0cular with art 3 thereof.  

This dossier deals exclusively with the PET containers which include the func0onal barrier, where the 
rPET is not in direct contact with food. 

These structures containing rPET consist of three-layer sheets having the formula A/B/A, where B 
consists of either 100% of rPET, or a blend between rPET and virgin PET in various propor0ons. The A 
layer is expected to exert the func0onal barrier proper0es; this layer consists of virgin PET, or food-
grade rPET (i.e. that originates from a recycling process that applies the suitable mechanical PET 
recycling technology and for which the  super-clean recycling process received a posi0ve opinion from 
EFSA) or a blend of the two. The thickness of the sheets ranges from a minimum of 100μm to a 
maximum of 1400 μm. The most common propor0on of the three layers (in weight percent) in the 
A/B/A structure corresponds typically to 5%/90%/5% and 10%/80%/10% for structures with total 
thickness up to about 500-600 μm, but it can be 2%/96%/2% weight percent for structures with total 

 
4 EFSA (2011). ScienLfic Opinion on the criteria to be used for safety evaluaLon of a mechanical recycling process 
to produce recycled PET intended to be used for manufacture of materials and arLcles in contact with food | 
EFSA (europa.eu) 
5 EFSA (2024). ScienLfic Guidance on the criteria for the evaluaLon and on the preparaLon of applicaLons for 
the safety assessment of post-consumer mechanical PET recycling processes intended to be used for 
manufacture of materials and arLcles in contact with food. EFSA Journal, 22(7), e8879. 
h#ps://doi.org/10.2903/j.efsa.2024.8879 

 

https://www.efsa.europa.eu/en/efsajournal/pub/2184
https://www.efsa.europa.eu/en/efsajournal/pub/2184
https://www.efsa.europa.eu/en/efsajournal/pub/2184
https://doi.org/10.2903/j.efsa.2024.8879
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thickness up to 1400 μm . Table 1 lists the thickness of the different layers in A/B/A structures that 
have a total thickness between 100 µm and 1400 µm for different propor0ons of the three layers (in 
weight percent). 

 

Table 1: correspondence between layers percentage and layers thickness 

 Total thickness 

% layers 100 μm 150 μm 300 μm 500 μm 1400 μm 

5%/90%/5% 5μm/90μm/5μm 7.5μm/135μm/7.5μm 15μm/270μm/15μm 25μm/450μm/25μm 70μm/1260μm/70μm 

10%/80%/10% 10μm/80μm/10μm 15μm/120μm/15μm 30μm/240μm/30μm 50μm/400μm/50μm 140μm/1120μm/140μm 

15%/70%/15 15μm/70μm/15μm 22.5μm/105μm/22.5μm 45μm/210μm/45μm 75μm/350μm/75μm 210μm/980μm/210μm 

 

Typical examples of trays produced by the thermoforming of the above men0oned sheets are shown 
in Figure 1. 

 

Figure 1: trays produced by thermoforming A/B/A sheets containing rPET in the B layer 

 

 

 

 

 

The actual thickness of the A layer, expressed in µm, ranges from 5 to 210 μm; the minimum thickness 
of the A layer is < 70 μm for about 85% of the no0fied structures and <20 μm for about 23% of the 
no0fied structures.  

With very few excep0ons, the A/B/A structures are symmetrical. 
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When the sheet is converted into a tray, the thickness is reduced, and the final thickness of the layers 
in the tray will depend on the draw ra0o6 used in the thermoforming process. Such draw ra0o can 
considerably vary from a low value of 1.1-1.3, applied to obtain very shallow trays, up to a value of 2.5-
3.0 for deep drawn trays, which means that the thickness of the func0onal barrier may be reduced by 
a factor of 2.5-3.0.  

Obviously, sheets with lower thickness are subject to low draw ra0o, and only sheets with a high 
thickness can be thermoformed with a higher draw ra0o. The highest draw ra0o is usually applied to 
produce trays that are intended to come in contact with food such as fruits and vegetables, where 
migra0on is expected to be very low, so that it can compensate the highest decrease of the barrier 
layer caused by deeper thermoforming.  

Figures 2(a) and (b) show examples of the most common distribu0on of draw ra0os applied to produce 
thermoforms for protein and bakery products, and for fruits and vegetables, respec0vely. 

 

Figure 2(a). Most common distribu0on of draw ra0os applied to produce thermoforms for protein and 
bakery products 

 

 

Figure 2(b). Most common distribu0on of draw ra0os applied to produce thermoforms for fruits and 
vegetables 

 

 
6 The draw raLo is defined as the area subjected to the thermoforming stress and the depth of the final tray 
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A survey carried out on 231 commercial structures shows that the Surface-to-Volume (S/V) ra0o 
corresponds on average to 6.4 dm2/kg. n this dossier, all calcula0ons have been made with a 6 dm2/kg 
food, which is the conven0onal S/V value used in Europe.  

 

Descrip1on of the collec1on system 

The PET used in recycling processes may be obtained from two main sources: 

• deposit systems – PET only: PET containers are collected and stored separately from other 
waste, such as aluminium cans or other plas0c containers, like HDPE milk containers.  

• curb side collec0on – different plas0cs: Aoer the collec0on of post-consumer plas0c waste, 
the PET containers are sorted out of the waste stream. They are separated from non-PET 
waste, such as other plas0cs, either by automa0c sor0ng machines or by manual sor0ng. 
Bigger metal parts (ferrous material and non-ferrous material) are sorted out by electrosta0c 
or electromagne0c metal detec0on. Only PET containers including labels and PE or PP closures 
are transferred to further process steps.  

The containers are sorted, shredded into flakes and are cleaned with water and detergents (see 
detailed descrip0on below). These clean flakes are then used for obtaining the B layer of the A/B/A 
PET trays for food contact applica0ons. 

 

Descrip1on of the recycling processes 

Processes leading to the structures introduced in the market include a pre-processing phase.  

Aoer the collec0on, the PET containers are shipped to PET washing plants in pressed bales with a 
weight between 200 to 1000 kg/bale. The foreign materials in the bales are typically labels, which can 
be made of paper or other plas0cs such as PS or PP, and PVC shrink sleeves. Other foreign 
contamina0on is coming from the caps, which are made from PP or PE, and other materials, such as 
metal cans, stones, plas0c film, wood, etc.  

Washing may be made in a variety of plants, which include grinding, elutria0on and sioing to remove 
light films. The resul0ng flakes are separated in sink floa0ng tanks and subsequently washed. Washing 
technologies e.g. hot water and/or caus0c soda and other washing detergents are used to remove 
organic load and other contaminants like glues, paper, wood etc. Finally, the flakes are rinsed to 
remove the caus0c soda with water and dried to a surface moisture of less than 1.5%.   
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The flakes are delivered to recycling plants aoer quality control.   

Periodical analysis, such as gas chromatography or other suitable test can serve as addi0onal quality 
check.  

The present no0fica0on, however, does not cover the washing phase. Nevertheless, control of the 
input material is key and raw materials are sourced as per specifica0on for post-consumer packaging 
PET flakes reported in Annex 1. 

An example of these specifica0ons is reported in Table 2 below7: 

 

Table 2: typical specifica0ons for input flakes  

 
 
 
The manufacturing of A/B/A structures include a combina0on of some of the following processes: 

• A drying and crystalliza0on phase of the washed flakes, which is operated usually under s0rring 
and air flow, at temperature of 140-160°C, generated by fric0on or IR, for a residence 0me up 
to 6 hours.  

• An extrusion phase, where flakes are melted to produce the rPET B layer with or without 
applica0on of vacuum. The temperature profile is usually 270-290°C. When vacuum is applied, 
the vacuum condi0ons are typically below 100 mbar.  

• The coextrusion step, in which the A layers are applied in a die8. In this case the rPET of the 
future B layer comes in contact with the virgin PET (or mixture between virgin and EFSA 
assessed PET) of the future A layers, at a temperature of typically 275-290°C. A 3-layer sheet 
(A/B/A) comes out from the coextrusion process and it is cooled down in a rolled stack press. 

 
7 Safety assessment of the process ‘Linpac’, based on Linpac super clean technology, used to recycle post-
consumer PET into food contact materials | EFSA (europa.eu) 
8 KosLc, Milivoje & Reifschneider, Louis. (2006). Design of Extrusion Dies. Encyclopaedia of Chemical Processing. 
(PDF) Design of Extrusion Dies (researchgate.net) 

https://www.efsa.europa.eu/en/efsajournal/pub/5323
https://www.efsa.europa.eu/en/efsajournal/pub/5323
https://www.researchgate.net/publication/242260110_Design_of_Extrusion_Dies
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• The final thermoforming phase, in which the sheet is converted into trays. The sheet is heated 
in an oven to a temperature of 120-130°C, and the tray is formed through the applica0on of 
pressure and vacuum in a mould. The total cycle takes 2-3 seconds. The tray is then 
immediately cooled down to an average temperature of around 30°C.  

 

Descrip1on of the different equipment configura1ons 

This paragraph provides a descrip0on of the different configura0ons of equipment used by members 
of the Consor0um that are part of this no0fica0on (Table 3). 

 

Table 3: configura0ons of the equipment covered by the no0fica0on. 

Configura0ons Crystallizing/drying Extrusion Degassing 
Number of 

installaBons 

X1 yes Single Screw No 32 

X2 yes Single Screw Yes 18 

Y1 yes Twin Screw Co-Rota0ng Yes 17 

Y2 no Twin Screw Co-Rota0ng Yes 109 

W yes Single screw and satellitar Yes 1 

 

 

Figures 3-7 show the flow sheets of the configura0ons reported above, along with the relevant process 
parameters 

 

 

Figure 3: configura0on X1- single screw extruder with crystalliza0on and drying 
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Figure 4: configura0on X2 – single screw extruder with degassing, and crystalliza0on/drying 

 
 
Figure 5: configura0on Y1 - twin screw extruder with degassing, and crystalliza0on/drying 

 
 
Figure 6: configura0on Y2 – twin screw extruder with degassing 
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Figure 7: configura0on W – combina0on of single screw and satellitar extruders 

 

The typical opera0ng condi0ons are reported in Table 4 below 

 

Table 4: typical opera0ng condi0ons for single and twin screw extruders 

OPERATING CONDITIONS OF SINGLE SCREW EXTRUDER 

CrystallizaJon 
temperature 
(°C) 

CrystallizaJon 
residence 
Jme (hours) 

Drying 
temperature 
(°C) 

Drying 
residence 
Jme 
(hours) 

Residence 
time in the 
extruder 
from feeding 
section to die 
(min) 

Temperature 
profile in the 
extruder (°C) 

Temperature 
in the die (°C) 

Residence time 
in the die (sec) 

100-120 0.5-3 150-180 2-6 5-9 260-290 275-290 ≤60 

 

OPERATING CONDITIONS OF TWIN SCREW EXTRUDER 

CrystallizaJon 
temperature 
(°C) 

(If  any) 

CrystallizaJon 
residence Jme 
(hours) 

(If any) 

Drying 
temperature 
(°C) 
(If any) 

Drying 
residence 
Jme 
(hours) 

(If any) 

Residence 
time in the 
extruder 
from 
feeding 
section to 
die (min) 

Temperature 
profile in the 
extruder (°C) 

Temperature 
in the die (°C) 

Residence time 
in the die (sec) 

100-120 0.5-1.5 60-160 2-6 <5 240-290 275-290 ≤60 

 

Characteriza1on of the input material 

Input materials consist of PET flakes produced in pre-processing plants by taking PET bales originated 
from extended producers' responsibility (EPR) schemes in various EU Countries and non-EU Countries 
that follow EU food contact regula0ons. The PET containers are subjected to treatment such as hot 
washing, removal of contaminants during various stages of the process through automa0c (especially 
op0cal and magne0c) and/or manual sor0ng systems, and grinding. 
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All input materials comply with the requirements of the EU Regula0on, i.e. they are supported by 
documenta0on ensuring (i) traceability of each batch to the point of its origin, (ii) a minimum content 
of 95% of PET containers or flakes from food contact applica0ons, and (iii) specifica0on of the quality 
of the input. 

Flakes entering the recycling processes may be clear or coloured.  

 

Assessment of the decontamina1on performance of the recycling 
process 

Several challenge tests carried out between 2013 and 2023 demonstrated that the decontamina0on 
of the processed flakes through extrusion processes provides a mild removal of the contaminants. This 
level of decontamina0on allows the final rPET to get in indirect contact with food if it is used behind a 
suitable func0onal barrier.  

Typical and representa0ve decontamina0on efficiencies for the different equipment configura0ons, as 
defined in Table 3 are reported in Table 5. The decontamina0on efficiencies are taken from the 
challenge tests carried out by different companies referred to in the Annexes 2 and 3.  

 

Table 5: representa0ve decontamina0on efficiency, from challenge test 

DECONTAMINATION EFFICIENCY % 

  Configura0ons X1, X2, W Configuration Y1, Y2 
 

Reference Annex 2  Reference Annex 3 

toluene 97.5 94.3 

chlorobenzene 97.3 93.1 

chloroform 92.7 
 

methyl salicylate 93.8 95.4 

phenyl cyclohexane 94.4 92.1 

benzophenone 87.5 65.4 

methyl stearate 89.3 70.9 

 

Calcula1on of migra1on through a func1onal barrier 

As provided for in ar0cle 32(2) of the Regula0on (EU) 2022/1616, the large number of structures that 
are part of this no0fica0on are grouped on the basis of technical equivalence of the applied recycling 
installa0ons (Table 3) and the assessment was done on each of these groups. 

Since PET containers that use a func0onal barrier are not used to pack food for infants, the migra0on 
limit of 0.028 µg/kg food, calculated by EFSA for the toddlers’ scenario is used. When overes0ma0ng 
modelling is used this limit may be mul0plied by 5 to become 0.15 μg/kg food. This applies under the 
conserva0ve assump0on that all migra0ng substances are genotoxic. 
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Modelling of migra0on of surrogate contaminants has been carried out star0ng from concentra0on of 
these contaminants of 3 mg/kg (EFSA assump0on). The use of migra0on models for the es0ma0on of 
migra0on is a common prac0ce; these models have been developed in the early 2000’s9 and are 
currently used in the context of applica0ons for new substances in food contact materials, as well as 
for evalua0on of poten0al contamina0on from recycled plas0c materials.  

The sooware used for the migra0on modelling was SML365 Version 6.7 , developed by AKTS10 (Sierre- 
Switzerland). The sooware is widely recognized and used for migra0on predic0on in the context of 
food contact plas0c materials. The base sooware was equipped with a sta0s0cal analysis module, 
providing informa0on on the distribu0on of the outcoming results upon fluctua0on of ini0al 
parameters, as well as changes in the dimensions of the A/B/A structures, and a module for the 
evalua0on of the set-off effect, which enables the calcula0on of the equilibrium concentra0on of the 
surrogate contaminants contained in layer B, through layers A at given temperatures and aoer a pre-
set 0me.  

The star0ng concentra0on used for the migra0on modelling is the concentra0on of the surrogate 
contaminants at the end of the decontamina0on process, prior to entering of the material into the die. 
These can be calculated using the decontamina0on efficiencies of the challenge tests. By using the 
decontamina0on efficiencies reported in Table 5 above and normalizing the content of the surrogate 
contaminants to an ini0al concentra0on of 300 mg/kg, the results reported in Table 6 are obtained. 
Using a 100 0mes higher ini0al concentra0on of surrogates than the 3 mg/kg contaminant 
concentra0on that EFSA assumes to be present in post-consumer food contact PET waste, allows to 
use a migra0on limit of 15 μg/kg instead of 0.15 μg/kg as a benchmark.  

 

Table 6: surrogate contaminants concentra0ons corrected by using the decontamina0on efficiencies. 

  RESIDUE CONCENTRATION OF SURROGATE 
CONTAMINANTS mg/kg 

  Configura0ons X1, X2, W Configura0on Y1, Y2 

 Ref: Annex 2 Ref: Annex 3 

toluene 7.5 17.1 

chloro benzene 8.1 20.7 

chloroform 21.9 / 

methyl salicylate 18.6 13.8 

phenyl cyclohexane 16.8 23.7 

benzophenone 37.5 103.8 

methyl stearate 32.1 87.3 

 

 
9 Full ar0cle: Evalua0on of migra0on models that might be used in support of regula0ons for food-
contact plas0cs (tandfonline.com) 
10 About Us Page - AKTS 

https://www.tandfonline.com/doi/full/10.1080/02652030400028035
https://www.tandfonline.com/doi/full/10.1080/02652030400028035
https://www.akts.com/about-us/?doing_wp_cron=1678087856.2013380527496337890625
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These numbers correspond to the concentra0on of surrogates that the func0onal barrier should 
prevent to be transferred to the food.  

There are numerous experimental examples that show that under the test condi0ons set forth by 
Regula0on (EU) 10/2011, the A layer aoer thermoforming, i.e. in the actual trays that are used in real 
condi0ons, is capable to reduce the migra0on of surrogate contaminants to a level that is most of the 
0mes not detectable with the most sophis0cated analy0cal techniques (Ref. Aliplast, ILPA, Esperia, 
Cartonpack, others …); the relevant reports are available upon request. The detec0on limit of these 
tests usually corresponds to 10 µg/kg food simulant.  

The predic0ve migra0on model has therefore been applied to the representa0ve A/B/A structures, as 
follows, expressed in weight percentage of the 3 layers: 

• 5%/90%/5% 

• 7.5%/85%/7.5% 

• 10%/80%/10% 

• 15%/70%/15%  

The total thickness of the sheets on which the predic0ve model has been used were: 120 µm, 150 µm, 
300 µm, 700 µm and 1400 µm. 

 

The thickness of the func0onal barrier in these structures is reported in Table 7 . 

 

Table 7: Thickness of the func0onal barrier A (in µm) 

% of A layer in 
A/B/A structure 

Total thickness of the A/B/A sheet 

120 μm 150 μm 300 μm 700 μm 1400 μm 

5 % 6 7.5 15 35 70 

7.5% 9 11.25 22.5 52.5 105 

10 % 12 15 30 70 140 

15% 18 22.5 45 105 210 

 

The modelling of migra0on in the food simulants starts when the layers A and B are coextruded and 
ends at the end of the shelf life of the packaged food.  

The density of PET in the melt during the migra0on simula0on was set at 1.2 g/cm3. This was done 
because the density of PET in its melt state at 280°C typically ranges from 1.15 to 1.35 g/cm³. At 
elevated temperatures, like 280°C, PET's density decreases compared to its solid-state density due to 
the increased molecular mobility and expansion in the melt phase 11. 

 
11 Brandrup, J., Immergut, E. H., & Grulke, E. A. (1999). "Polymer Handbook" (4th Edition). Wiley-Interscience 
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The density of PET in the solid phase during the migra0on simula0on was set at 1.375 g/cm3. This 
value is in line with the most updated parameters suggested by EFSA while conduc0ng migra0on 
simula0on calcula0ons12  

 

The parameters and condi0ons chosen for the migra0on simula0on are summarized in Table 8. In this 
Table, the “realis0c” condi0ons correspond to the choice in the migra0on sooware of an equa0on 
(“Piringer realis0c equa0on”) that does not include overes0ma0on factors. This choice was made to 
avoid excessive and unrealis0c overes0ma0on of the diffusion of surrogate contaminants during the 
contact of recycled and virgin polymers in the melt phase. On the contrary, the “upper bound” 
condi0ons used in Step 5 correspond to the use of an equa0on that includes overes0ma0on11. The 
thickness used in the migra0on simula0on was divided by 2.5 in the step of thermoforming, 
considering the draw ra0o as reported in the plot of Figure 2(a)13.  

 

Table 8: condi0ons under which the simula0on of migra0ons were simulated 

  

 

Under the condi0ons reported above, the A/B/A tray has reached the equilibrium condi0ons, in which 
the concentra0on of the surrogate contaminants in the layer A have achieved a certain concentra0on 
and are ready to migrate into food. 

The migra0on modelling was made by using simulant D2 as a worst case, and took in considera0on 
various rPET percentages in layer B, namely 100%, 75%, 50% and 30%.  

All other simulants delivered lower migra0on results; therefore, we are presen0ng the results rela0ve 
to simulant D2 only. 

Migra0on modelling has been made execu0ng Step 1 to Step 5. Then another modelling has been 
made using only step 1 and 5 (omixng steps 2 to 4). The outcomes of the modelling carried out by 
using Step 1 immediately followed by Step 5 do not differ from that the outcomes of the modelling 
with all the steps 1 to 5. Two examples of such an equivalence are provided in Annex I.  

The equivalence between both methods suggests that the omission of Steps 2 to 4 do not significantly 
impact the migra0on calcula0on, which may imply these steps are not cri0cal for the specific 
contaminants or materials under study. This also implies that modifica0ons of the storage condi0ons, 
e.g. extending to 365 days instead of 180 days, would have a negligible impact on the final outcomes. 

 
12 EFSA Scientific Guidance on the criteria for the evaluation and on the preparation of applications for the safety 
assessment of post-consumer mechanical PET recycling processes intended to be used for manufacture of 
materials and articles in contact with food; DOI: 10.2903/j.efsa.2024.8879, 11.06.2024 
13 Reference is made to Figures 2(a) and 2(b), which show examples of the most common distribution of draw 
ratios applied to produce thermoforms for protein and bakery products, and for fruits and vegetables, 
respectively. 
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We have therefore decided to simulate the migra0on by using Step 1 plus Step 5 instead of simula0ng 
all steps. 

The charts provided in Annex 6 show the results of the simulated migra0on as a func0on of the total 
thickness of the sheets for different A/B/A structures, different percentage of rPET and different 
packaging condi0ons. The curves represented in the charts also contain the 2nd grade polynomial 
equa0on that can be used for the interpola0on and extrapola0on to different thickness’ values. 

The data presented in the charts have been calculated from an ini0al concentra0on of surrogates, 
designed as the “worst-case” scenario of 300 ppm of surrogate. This ini0al concentra0on is different 
from the 3 ppm used by EFSA, consequently the limit becomes 15 ppb instead of 0.15 ppb used by 
EFSA. 

The points illustrated in the charts corresponds to the simulated migra0on of the surrogate 
contaminants showing the highest value.  

For the technologies Y1 and Y2, this surrogate corresponds to Benzophenone at all simulated 
0me/temperature condi0ons and for all thickness values. 

For the technologies X1, X2 and W, this surrogate corresponds to Benzophenone at all simulated 
0me/temperature condi0ons for thickness values less or equal than 700 µm and it becomes 
Chloroform at all simulated 0me/temperature condi0ons for thickness values higher than 700 µm. 

 

Calcula1on for equipment configura1ons X1, X2 and W 

The results of the modelling for equipment configura0ons X1, X2 and W are summarized in the Annex 
6. It should be noted that the results of the simula0on refer to the final structure aoer thermoforming.  

Where X1, X2 and W are the equipment configura0ons, s/v= 0.6 cm2/cm3 (equal to 6 dm2/kg food) 
refers to the surface to volume ra0o, and D2 is the simulant in which the calcula0on has been done.  

The charts in Annex 6 show that in all structures the modelled migra0on at 10 days/20°C and 10 
days/40°C remains always below the EFSA limit of 0.15 ppb. This means that for all applica0ons such 
as “frozen and refrigerated temperature for long term storage, and room temperature up to 30 days 
packaging of all food”, the barrier proper0es of layer A are confirmed up to a 100% rPET content in 
layer B. 

For other applica0ons entailing shelf life of food at room temperature and below for up to one year, 
the func0onal barrier proper0es are confirmed if the content of rPET in B layer lies between 55% and 
75% in the case of structures with total thickness in the low and medium range. When the total 
thickness of the sheet is increased to 1400 µm, the func0onal barrier proper0es are confirmed up to 
90% and 100% content of rPET in the B layer.  

The charts in Annex 6 lead to the conclusion that all thicknesses are suitable for such an applica0on, 
provided that the rPET content does not exceed 50% in the B layer. When the 50% rPET content is 
exceeded, the total thickness of the sheet defines/determines whether the A layer is a func0onal 
barrier or not: for example, with 75% rPET in the B layer, only A/B/A structures thicker than 500 µm 
are suitable to pack food with shelf life up to one year at room and refrigerated temperature 
condi0ons. 
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The results of the above analysis for migra0on condi0ons 10 days at 20°C are similar to the results 
obtained by EFSA for such migra0on condi0ons in its opinion14 on the process of which the challenge 
test results are used in the above analysis. This confirms that the right modelling parameters have 
been chosen for the above analysis. 

 

Calcula1on for equipment configura1ons Y1 and Y2 

The results of the modelling for equipment configura0ons Y1 and Y2 are summarized in the Annex 6 
too. It should be noted that the results of the simula0on refer to the final structure aoer 
thermoforming. 

Where Y1 and Y2 are the equipment configura0ons, s/v= 0.6 cm2/cm3 (equal to 6 dm2/kg) refers to the 
surface to volume ra0o, and D2 is the simulant in which the calcula0on has been done.  

The charts in Annex 6 for the Y1 and Y2 configura0ons show that in all structures the modelled 
migra0on at 10 days/20°C remains always below the EFSA limit of 0.15 ppb. This means that for all 
applica0ons such as “frozen temperature packaging of food for long term storage and refrigerated 
temperature of food up to 30 days”, the func0onal barrier proper0es of layer A are confirmed up to a 
100% rPET content in layer B.  

However, when using 100% rPET in the B-layer, the modelled migra0on at 10 days/40°C lies below the 
EFSA limit only for structures with a high thickness and an A barrier layer of 10% or higher. When it 
comes to low and medium thickness structures, the modelled migra0on is below the EFSA limit only if 
the rPET content in the B layer is below 50%. 

This would lead to the conclusion that, for these equipment configura0ons Y1 and Y2, only an rPET 
content in the B layer of 50% or below can be used for A/B/A structures with a total thickness of 300 
µm and below with an A-layer of 10% or higher.  

For shelf lives up to one year at 25°C and below, Figure 9 indicates that the 0.15 µg/kg food limit is 
fulfilled only if the percentage of rPET in the B layer does not exceed 20% for 5/90/5 and 7.5/85/7.5 
structures, 25% for 10/80/10 structures and 30% for 15/70/15 A/B/A structures with at total thickness 
of 300μm, and higher % of rPET for thicker structures. 

For configura0ons Y1 and Y2, the charts in Annex 6 allow to iden0fy the minimum total thickness 
needed for compliance. 

The charts confirm that A/B/A structures of all thicknesses fulfil the limit for refrigerated and frozen 
food storage condi0ons (10 days/20°C) for all concentra0ons of rPET in the B-layer. At room 
temperature food storage condi0ons (10 days/40°C) 30% of rPET can be used in the B-layer of all A/B/A 
structures. At 50% rPET in the B-layer, the minimum thickness of the A/B/A structure corresponds to 
about 200µm with an A barrier layer of 10% or higher., Decreasing the barrier layer and increasing the 
rPET content requires an increase in the thickness of the A/B/A structure to remain below the EFSA 
0.15 ppb limit.  

 

 
 

14 Safety assessment of the process ‘Linpac’, based on Linpac superclean technology, used to recycle post-
consumer PET into food contact materials 
h#ps://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2018.5323  

https://efsa.onlinelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2018.5323
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Figure 9: percentage of rPET in the B layer enabling to meet the migra0on threshold of 0.15 ppb when 
applying a reduc0on factor. 
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Further considera1ons on equipment configura1ons Y1 and Y2 

As indicated above, all migra0on modelling has been performed with food simulant D2.. However, in 
case the final food contact ar0cle only would be used for unpeeled and uncut fruits and vegetables, 
the appropriate simulant is simulant E (Tenax), as indicated in Regula0on (EC) 10/2011, Annex III, Table 
2, and the result of the migra0on in simulant E can be divided by a reduc0on factor of 10. Since 
simulant D2 is considered worst case as compared to simulant E, the results of the migra0on modelling 
performed in simulant D2 can be divided by the same reduc0on factor of 10 for ar0cles used to pack 
foods type 04.01-A.  

Applying this reduc0on factor,  it can be concluded that all A/B/A trays manufactured with equipment 
configura0ons Y1 and Y2 with up to 100% rPET in the B layer meet the EFSA limit of 0.15 ppb when 
used at room temperature storage condi0ons of 10 days/40°C food type 04.01-A. 

 

Use of reduc1on factors for calcula1on of rPET in the B layer 

Depending on the food that will be packed, also for food simulant D2, regula0on (EU) No 10/2011 
authorizes the use of D2 reduc0on factors15. For applica0ons in which such reduc0on factor can be 
used, it is possible to calculate for the different configura0ons the maximum percentage of rPET that 
can be used in the B-layer without exceeding the EFSA migra0on limit of 0.15 ppb. The results of such 
calcula0ons are reported in the tables of Figure 09. To facilitate the reading of the tables, the minimum 
total thickness at which 100% rPET can be used in the B-layer without exceeding the EFSA limit  for all 
types of food is highlighted in green.  

 
15 (EU) No 10/2011, Annex III: “For food categories where in sub-column D2 or E the cross is followed by an oblique 
stroke and a figure, the migra%on test result shall be corrected by dividing the result by this figure. The corrected 
test result shall then be compared to the migra%on limit to establish compliance. The test results for substances 
that shall not migrate in detectable quan%%es shall not be corrected in this way.” 
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The tables of Figure 09 need to be read in combina0on with the descrip0ons of food to which the 
various reduc0on factors are applicable; such descrip0on can be found in Annex III of Regula0on (EC) 
10/2011. A summary is reported in Figure 10, for reference. 

 

Figure 10: summary of reduc0on factors and food to which they are applicable 

 

 

Condi1ons of contact with food  

In light of the comprehensive analysis presented here above, it can be concluded that the A/B/A trays, 
which are obtained by the thermoforming process of A/B/A sheets, can be u0lized for the storage of 
frozen, refrigerated and ambient temperature food items for long term and subject to the limita0ons 
in the rPET content iden0fied by the simula0on. 

This is dependent on the condi0on that the A/B/A sheets are obtained through the par0ally 
decontaminated rPET, which originates from the extrusion phase, and comes into contact with the 
virgin layer A in the extrusion die at a temperature ranging from 275 to 286°C for a brief period, with 
an average dura0on of approximately 60 seconds. 
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Examina1on of relevant published literature 

The migra0on modelling made in this no0fica0on has been done by using the SML365 sooware under 
conserva0ve assump0ons, in par0cular the predic0on model used upper bound values for es0ma0on 
of diffusion coefficients in the equa0on underpinning the migra0on behavior16.  

This represents an addi0onal overes0ma0on assump0on used in the context of migra0on predic0on. 
In more general terms, the safety limit used by EFSA for assessing processes of produc0on of rPET 
contains many overes0ma0on factors, which make that limit very conserva0ve. The limit is set by (i) 
assuming that 1 kg of rPET could poten0ally contain 3 mg/kg of genotoxic substance, (ii) applying a 
migra0on predic0on model with parameters that largely overes0mate the migra0on, and (iii) assuming 
a highly overes0mated daily intake of food packed in rPET for toddlers and adults to calculate the intake 
of poten0al contaminants. 

Alterna0ve predic0on methods have been developed17. According to these models and even when 
keeping all other EFSA overes0mated assump0ons unchanged, the conclusions drawn for tray 
applica0ons are that “no cleaning efficiency is necessary for substances with molecular weights above 
of approximately 220 g/mol (migra0on limit 0.15 μg/L, 365 d at 25°C) and above of approximately 130 
g/mol for meat trays (migra0on limit 0.15 μg/L, 10 d at 20°C), respec0vely”.18 

In a more recent publica0on19 , it was evidenced how recycling of PET bozles to produce trays for 
packaging meat products, and fruits and vegetables do not need outstanding cleaning efficiency due 
to short shelf-life and low specific product temperature. The calculated minimum cleaning efficiency 
required by a recycling process of PET bozle-to-meat tray is shown in Figure 11, taken from the above 
reference. Such efficiency corresponds to about 60% for low molecular weight contaminants, and 20% 
for high molecular weight contaminants. 

 

Evalua1on of migra1on from A/B/A trays 

During the last 15-20 years industry has carried out overall and specific migra0on tes0ng on many 
A/B/A structures. In no case the migra0on limits set in Regula0on (EC) 10/2011 have been exceeded.  

In addi0on to standard migra0on tests, analysis of NIAS (non-inten0onally added substances) is carried 
out by most of the Consor0um members, although not periodically. A more systema0c approach and 
in line with Ar0cle 13 of the regula0on EU 2022/1616 will be implemented by the members of the 
Consor0um, which is reported in the paragraph on “Quality Assurance”. 

 

 

 
16 Hoechstra et al., JRC Technical Reports-PracLcal guidelines on the applicaLon of migraLon modelling for the 
esLmaLon of specific migraLon, 2015 
17A new method for the predicLon of diffusion coefficients in poly(ethylene terephthalate) 
Frank Welle, First published: 24 December 2012 h#ps://doi.org/10.1002/app.38885  
18 Franz, R.; Welle, F. Recycling of Post-Consumer Packaging Materials into New Food Packaging ApplicaLons—
CriLcal Review of the European Approach and Future PerspecLves. Sustainability 2022, 14, 824. h#ps:// 
doi.org/10.3390/su14020824 
19 F. Welle, VerpackungRundschau, Circular Economy- ConsideraLons on PET Recycling, 4/2019 
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Figure 11: Minimum cleaning efficiency of recycling processes necessary for different food contact 
applica0ons.  

 

 

 

Quality Assurance 

The quality assurance systems in place at the Consor0um members opera0ons ensure amongst others 
that the specifica0ons for incoming raw materials are fulfilled. Quality assurance diagrams for X1,X2 
and W equipment technologies and Y1 and Y2 equipment technologies are provided in Figure 12 and 
13, respec0vely. This is normally done through cer0ficates received from suppliers. The minimum 
requirements for incoming flakes are reported in Annex 1 

The constant thickness of the A layer is ensured by controlling the ra0o between the throughput 
(kg/hour) of A and B. Periodically, at least twice a year, or aoer every maintenance interven0on, a 
colorant is added in either layer A or B, and the rela0ve thickness is measured via op0cal microscopy. 

Process parameters are recorded in order to ensure that the process is under control and no varia0ons 
other than the established opera0ng ranges take place, in par0cular as regard the cri0cal control 
parameters. The recorded parameters for both extrusion lines (for A and B) are temperature, vacuum, 
output in kg/hour, dosing percentage of the raw materials, pressure, speed of melt pump, screen 
changer delta pressure, die temperature, calendrers temperature, thickness of the final sheet. 

The cri0cal control points for the equipment configura0ons leading to the produc0on of the sheets 
no0fied through this paper are reported in Table 9. 
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Table 9: cri0cal control parameters for the no0fied equipment configura0ons 

CriBcal control parameter ConfiguraBons X1, X2, W ConfiguraBons Y1 and Y2 

Crystalliza0on temperature 120-170°C --- 

Crystalliza0on residence 0me >20 min --- 

Dryer temperature 165°C --- 

Dryer residence 0me > 40 min --- 

Dryer air flow > 600 m3/hour --- 

Temperature in the die --- 275-290°C 

Vacuum level  --- < 90 mbar 

 

 

 

Figure 12. QAS diagram for X1,X2 and W equipment technologies 

 
 

 

 

 

 

 



24 
 

Figure 13. QAS diagram for Y1 and Y2 equipment technologies 
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FuncBonal Barrier Task Force represented by PETCORE Europe 

Avenue de Broqueville 12- 1150 Bruxelles 

 

Contact : 

Jose-Antonio Alarcon: jose-antonio.alarcon@petcore-europe.org 

Raphael Jaumoze: raphael.jaumoze@petcore-europe.org 
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25 
 

 

 

 

 

 

 

 

 

Annex 1: Flakes specifica1ons example 
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Name of 
product:    
Supplier:    
Chemical 
definition:    
Source of 
material:      

bottle 
nonreturnable     

bottle 
returnable    trays    

  

GENERAL STATEMENTS  

Requirement  Yes  No Comments  
Hot washed flakes, washed with caustic soda        
Certified quality assurance system including traceability (article 6 of Regulation 
(EU) 2022/1616 – mandatory from 10 October 2024 (please provide certificate)  

      
RecyClass or EuCertPlast certifications – mandatory for recycled content 
certification (please provide certificate)   

      
Other certifications (please provide certificate and accreditation), according to 
UN15343  

      

Compliance with Regulation (EC) No 1907/2006 – REACH  
• SVHC substances >0,1%, candidate list in its actual version 
http://echa.europa.eu/de/candidate-list-table  
• comply with article 2 (7), d (input material registered, EU 
origin)  

      

Input material (bottles or trays) complies with Framework Regulation (EC) No 
1935/2004  

• on materials and articles intended to come into contact with 
food  

      

Input material (bottles or trays) complies with Regulation (EU) No 10/2011  
• on plastics materials in contact with foodstuffs   

      

In compliance with Regulation (EC) No 2023/2006 (GMP)  
  

o Good manufacturing practice, GMP  
o Traceability  
o Quality managements system  

      

sorting purity of > 95% from food contact applications (< 5% from non-food contact 
applications)        

In compliance with Recycling Regulation (EU) 2022/1616  
  
Use of a decontamination process according EFSA criteria  
EFSA registered process  
EFSA positively evaluated process  
European Commission authorised process  

    

EFSA Question Number:  
      
Recycling authorisation number (RAN)  
      
Recycling installation number (RIN)  
      
  

In compliance with Directive 94/62/EC incl. all effective amendments  
  
Heavy metal content < 100 ppm  

  

      

No restricted substances (like phthalates) are used or intentionally added        

  
 
 

  

http://echa.europa.eu/de/candidate-list-table
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Contamination  comments  A-quality   
  
  
OK,√  

  
B-quality  

  
 OK,√
  

  
Unit  Comments  COA   

PET blue    < 5    <10    %    
YES - 
__________
  

PET other colour    < 0,1    < 0,2    %    YES  
Other plastics  e.g. PA, PS, etc.  < 50    < 100    ppm    YES  
PO labels and cups    < 25    < 45    ppm    YES  
Metal    < 5    < 10    ppm    YES  
Paper    < 5    < 10    ppm    NO  
Other parts  e.g. wood, stone, 

rubber, etc.  < 25    < 45    ppm    NO  
after roasting test (Röstprobe)                
PVC  black  < 20    < 50    ppm    YES  
Flakes discoloured  Brown and black  < 5000    < 7000    ppm    YES  
Multilayer / PA    < 100    < 200    ppm    NO  
Oxygen scavenger  Monolayer  < 15.000    < 25.000    ppm    NO  
                  
Bulk weight    > 400    > 250    kg/m³    YES  
Residual moisture    < 0,8    < 1    %    YES  
Flakes  >10mm  < 1    < 2    %    YES  
Fines  < 1 mm  < 0,5    < 1    %    YES  
  Remarks  1) check at least the mixture of 3 Big Bags, 1 kg / Big Bag, test compound 300 g  

2) counting after roasting test (Röstprobe), 300 g sample, conditions 2h, 200°C  
  Comments  Supplied material should not be older than ½ year.  
  
Other  

By shipment of material appropriate to the purchase order, the supplier continues to guarantee that the 
material is manufactured acc. our specification requirements. We must be notified in writing and has to 
approve if a significant change of the raw material components, formulation, equipment / facility and /or 
manufacturing process prior to implementation.  

  
COA  

COAs for every delivery together with 
shipping documents  
Should mention: batchnumber, number of 
delivery note, production date, quality level 
and the above indicated parameters  

every 
Batch  Yes  

  
Date:     

  
Producer:   
Signature:  
  
Name:   
  
Position:  
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Annex 2: Challenge test for equipment configura1ons X1, X2, W 
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Annex 3: Challenge test for equipment configura1ons Y1 and Y2 

  



58 
 



59 
 



60 
 



61 
 



62 
 



63 
 



64 
 



65 
 



66 
 



67 
 



68 
 



69 
 



70 
 

 



71 
 

 

 

 

 

 

 

 

 

Annex 4: List of consor1um members 
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Annex 5: Examples of migra1on tests 
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Annex 6 : Results of migra1on modelling for different A/B/A structures 
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