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1964 1974

2008

Generalization of disposable bottles Wastes became trade materials

Wastes are recycled

for food contact

2022

Who can guarantee it?

Q1: HOW TO IDENTIFY THE SOURCING?
(food, non-food, decontaminated, intra EU)?

Q2: HOW TO USE THE RECYCLED CONTENT?
(direct contact, behind a functional barrier, low/high temperature)?

Q3: HOW TO DESIGN FOR WASTE REDUCTION
AND FUTURE RECYCLABILITY?
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French anti-waste law 2020-105

Draft order specifying the 
substances contained in mineral 
oils whose use is prohibited on 
packaging and in printing for the 
public

Public consultation: 49 comments

Food safety – recycled plastic in 
food packaging (updated 282/2008)

transitional provisions,

provisions for the appropriate 
evaluation of non-PET 
materials

clear obligations for operators 
and competent authorities.

Public consultation: 96 comments
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HOT WASHED

VIRGIN

DECONTAMINATED?

DECONTAMINATED?

virgin

single-use

repeated-use
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use behind a functional barrier

Recycled+ Decontaminated+++ Food Grade++

Recycled+ Decontaminated+ Food Grade+

Recycled+ Decontaminated- Food Grade+

Recycled-
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how to choose the application, 
the design?
• direct vs. indirect contact,
• with a functional barrier
• type of food,
• oven heating, thermal 

processing
• shelf-life

Which collecting, recycling route?
• Traceability? 
• Purity?
• Integrity?
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Recycled+ Decontaminated+++ Food Grade++ Recycled+ Decontaminated+ Food Grade+ Recycled+ Decontaminated- Food Grade+

safety

EQUIVALENT
SAFETY
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Mathematical problem:

𝐶𝐹 𝐹𝑜𝑒𝑞, Δ𝐻 = 𝐶𝐹
𝑏𝑓

𝐹𝑜𝑒𝑞, Δ𝐿

with
Δ𝐻 < Δ𝐿

𝐹𝑜 = න
0

𝑡𝐷 𝑇 𝑡 𝑙𝑎𝑦𝑒𝑟
𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑

𝑑𝑡

𝑙2

𝐶𝐹 𝐶𝐹
𝑏𝑓

Δ𝐻 Δ𝐿
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1000 ppm

rPP

100 µm

Toluene
@40°C

FOOD

1 cm

Polymer 𝐷 (𝑚2 ⋅ 𝑠−1) Ref.

PP 10−13 Fang et al. Macromolecules 2013, 46, 3, 874

𝑑𝑒𝑐𝑜𝑛𝑡𝑎𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒: Δ
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1000 ppm

rPP

100 µm

Toluene
@40°C

FOOD

1 cm

10 µm

rPP FOOD
F
B

functional barrier
= dry PET

𝑇𝑔 = 76°𝐶

Polymer 𝐷 (𝑚2 ⋅ 𝑠−1) Ref.

PP 10−13 Fang et al. Macromolecules 2013, 46, 3, 874

Dry PET 3.5 × 10−18 Zhu et al.  Soft Matter, 2019,15, 891
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1000 ppm

rPP

100 µm

Toluene
@40°C

FOOD

1 cm

Polymer 𝐷 (𝑚2 ⋅ 𝑠−1) Ref.

PP 10−13 Fang et al. Macromolecules 2013, 46, 3, 874

Dry PET 3.5 × 10−18 Zhu et al.  Soft Matter, 2019,15, 891

plasticized PET 5 × 10−16 Zhu et al.  Soft Matter, 2019,15, 891

10 µm

rPP FOOD
F
B

functional barrier
= dry PET

𝑇𝑔 = 76°𝐶

10 µm

rPP FOOD
F
B

functional barrier
= plasticized PET

𝑇𝑔 = 60°𝐶
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MORE RECYCLED
MORE DECONTAMINATED

MORE RISK

MORE RECYCLED
LESS DECONTAMINATED

MORE RISK

direct contact
with aqueous food

direct contact with fatty foods,
alcoholic beverages

100%30% 60%

long-shelf life short-shelf life

functional
barrier

(not recycled)

80%

short and intermediate shelf life

direct contact with fatty foods,
alcoholic beverages

DIRECT CONTACT BEHIND A FUNCTIONAL BARRIER

safety

shelf-life

recycled content
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0% 90% 99% 99.9%

0%
>1000 days
(716)

411 days (2.9) 83 days (0.5) 35 days (0.2)

90% >1000 days >1000 days (716) 411 days (2.9) 83 days (0.5)

99% >1000 days >1000 days >1000 days (716) 411 days (2.9)

99.9% >1000 days >1000 days >1000 days >1000 days (716)

0% 90% 99% 99.9%

0%
>1000 days
(1000)

>1000 days (371) >1000 days (73) >1000 days (29)

90%
>1000 days
(1000)

>1000 days
(1000)

>1000 days (371) >1000 days (73)

99%
>1000 days
(1000)

>1000 days
(1000)

>1000 days
(1000)

>1000 days (371)

99.9%
>1000 days
(1000)

>1000 days
(1000)

>1000 days
(1000)

>1000 days
(1000)
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lag-time between
substances

delayed
contamination

Decontamination requirement
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lag-time between
substances

delayed
contamination

Decontamination requirement
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Post-consumer: food origin Post-consumer: mixed origin (5% non-food)
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Symmetric wavelet transform
remove steady signal



p. 20

Post-consumer: food origin Post-consumer: mixed origin (5% non-food)

𝐻 =

𝑖=1

𝑀

𝑝𝑖 log2
1

𝑝𝑖

signal tagging

Letter coding
(90 to 96% compression)

One-to-one coding of monotonic segments

Levenshtein distance
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IDENTIFICATION OF A SIGNAL WITH REGULAR EXPRESSIONS: [AX]+[BZ]+
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 Food grade and commercially 
available PET (A & B)

 Post consumer mixed origin 
PET flakes (E, F, G, H & I)

 Post consumer food origin PET 
flakes (M, N, O, P & Q)

 Unknown PET sample (U)

reconstruct a map of 12 samples based on the distances between those samples
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Packaging

𝐻 𝑠𝑝, 𝑠𝑓

Food

𝐻𝑝𝑎𝑐𝑘(𝑠𝑝)

𝐻𝑓𝑜𝑜𝑑(𝑠𝑓)

𝐻𝑓𝑜𝑜𝑑(𝑠𝑓|𝑃𝑎𝑐𝑘)

𝐻𝑝𝑎𝑐𝑘(𝑠𝑝|𝐹𝑜𝑜𝑑)

Mutual chemicals may include contaminants

𝐻 𝑠𝑝, 𝑠𝑓 = 

𝑠𝑝,𝑠𝑓

𝑝𝑟 𝑠𝑝, 𝑠𝑓 log2
𝑝𝑟 𝑠𝑝, 𝑠𝑓

𝑝𝑟 𝑠𝑝 𝑝𝑟 𝑠𝑓

= 𝐻𝑓𝑜𝑜𝑑 𝑠𝑓 + 𝐻𝑝𝑎𝑐𝑘 𝑠𝑝 − 𝐻 𝑠𝑝, 𝑠𝑓

Packaging component responsible
for food contamination are located
close to their food
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Starts with education



p. 25

𝑇

መ𝐶𝐹

𝑺𝒆𝒗𝒆𝒓𝒊𝒕𝒚 𝑿 = 100 ×

max
𝐶𝐹
𝐴

𝑇𝐴
,
𝐶𝐹
𝐵

𝑇𝐵
,
𝐶𝐹
𝐶

𝑇𝐶
,
𝐶𝐹
𝐷

𝑇𝐷

compound 𝑿 𝑡𝑟𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛

all compounds

compound 𝑿 𝑡𝑟𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛
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thermoforming

Storage (stacks)

Hot filling

Storage

crititical

catastrophic

moderate

minor

neglegible
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for the optimization of shapes and functional barrier thicknesses

Ongoing SafeFoodPackaging Portal (pure Python):  https://github.com/ovitrac/SFPPy





https://github.com/ovitrac/SFPPy
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𝑊

𝐻

𝐷

For each design (300 × 300), the 
detailed 3D geometry is optimized to 
match
■ The overall shape

■ The prescribed capacity

■ A weight loss lower than 1% after one year

■ A variation of alcoholic strength lower than 0.3% 

after one year

■ The amount of recycled PET

■ Mechanical resistance

■ Risk of fire
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https://fitness.agroparistech.fr/
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foodpackaging (material)

« others »
(streams)

massification of risks


