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Trends and time scale < 1 year

Trends and time scale from months to many years (chronic)

t Trends and time scale
. = lifetime (chronic)
shelf-life, safety " ‘ﬁ c Trends and time scale from days to many years (accidental)
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FOOD
j: MINIMIZING P AORE T B
;i ; OIL UPTAKE g ‘ . - er , ; RECYGLING
t=0s, T=41.454°C > g O 0 I N F R E N C H - F R I ES B Tl Rt e A HRE

CONTAMINATION OF FOOD
STOCKS BY RADIONUCLIDES
(ACCIDENTAL HAZARDS)

PACKAGING
DESIGN

2 en fonction du point de rejet (%)
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04 » systemic, anticipaticn, prevention (future)

» Coarse-graining keeps trends, dreps unessential details

» analyze future develcpments, attended or unattended (ingredient,
food, packaging, supply chain, raw materials etc.)

CRYSTALLINE PHASE (cellulose)

AIM: minimizing risks and impacts, societal innovation, future
planning, may include optimization steps
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GRAINING

AMORPHOUS PHASE (pectins)

&\:\;—L}, OUTCOME: uncertain

Ay

=Xl o TARGET: risk and impact assessment, weighting alternative
WON . . scenarics
Conventicnal focd modeling = present

. . . < printin ackagin l)ac agin warehouse retailer consumer

» punctual medeling and simulation gx'dutstgr 35 rdcar 1 f e g? e h ;

m » Coarse-graining preserves ALL impertant details L hﬂ ‘W ‘ f o
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(e.g., melecular, cellular structure, gecmetry, compesiticn) & 2 —

AIM: improving feed quality, safety, efficiency, reducing cost
OUTCOME: likely

\V TARGET: efficient preduction, reverse engineering, lecal innovation

MIGRATION IN FOOD, INTERACTIONS WITH FOOD.

Examples of migrants from UV-cured printing inks: '". ; isopropylthixatone * benzophenones
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Deterministic, prebablistic

e,

DESORPTION
Fo = 0.0005 (a.u)

Free energy perturbation

Fy —Fy
exp | — kT

) <eXp (‘ Ulk;TUO>>

concentration profile

dimensionless position )dlP
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Key operations ocn medels

» Dimensionless (when possible)
> Coupling (expensive) Vs nesting (inexpensive)

t=0.0125s
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volume oil uptake®

t
Key operations ocn medels £4 B | e
52 - I
w ! oil front positions

oil concentration
temporal profiles
. \homogenizatio ,
. spatial
homogenization

crust detail
~10%-10° cells
|

> Chai{ling oseem oni ca

> Lccplng ﬁ:’o ﬁ (x W) _ i . ' i ”mes, ﬁ”mg[’_mes‘
» Ensemble averaging (very important) x=":1nlw : £4| N o egtines g tnee
» Serialization of scenarics ik A 7)., | —
» Piping (CFD, chemistry, mass transfer, thermodynamics models) IYYW-\ e S i

» Standards and good modeling practices &

®
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I [ ] DrippEng only I
& Coupled imbibition/dripping

. Maroplet (t)

dripped cil

Reference

French-fry

Droplet mass (mg)

i / | |

drippable cil

gecmetry BTN

cycle TR0 8 4)‘
’ t: log scale

wetting
]

10° 10
Dripping time (s)

viscosity
Structure rupture

Mulliscale model
of oil dripping and oil pickup.

universite

PARIS-SACLAY




__4' ,«f‘|

e
P

n! ”-ﬁ

N~

-~
-

.

Wil A
aasa™
Sy ".-
L \{'r

B=

L

Tier modeling

» “Mandatery” in public medels with
legal and safety issues for review (help
to identify influent parameters)

» Can be used for prioritization, triage

) 1 2 3 4 5 6 Tier index
and future refinements ® ® ® ® ® ®
. . . estimated
> Qood practlces exist in EU and US concentration . o t. 2 ® : .4 t..s ..6 4
. in food C;'ierl e > C Ler > CtleT > tier > CFler > Cgle‘l" f
for risk assessment :
. . , C rue
» Approved for compliance testing in Threshold F
\ Compliance cannot be. of concern: C i
EU, US and China nommellezigts | RS -
compliance (e.g., SML) N (o nodeling
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More knowledge, more sophistication

v E. J. Hoekstra, R. Brandsch, C. Dequatre, P. Mercea, M.-R. Milana, A. Stérmer, X. Trier, O. Vitrac, A. Schéfer and C. Simoneau, in: E. Hoekstra (Ed.): JRC Scientific and technical Reports EUR 27529 EN, European Commission, Ispra (ltaly), 2015.
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., .| Uncertainty Vs ignerance

7| > “seienfia” (science) vs “opinio”’ (belief) - ourconjributon

oy » Conventional modeling assumes complete
knowledge and epistemologic transformation of | |
information into knowledge N - | |

> How to code "vagueness’, “skeptism’, “error”, “doubt

// Safety limit, acceptable threshold, SML
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£.9., menctenic medel

Eié fj? Probabilistic modeling — G —
» Part of best practices > | [ ¢
| » “Mandatory” for risk assessment i
» Uncertainty # variability, it can be el
reduced by additional knowledge or S .
model details. E LS
» Monte-Carlo sampling can be avoided = ol C
in several situations to reach almost 02| e
IA, real time simulation. o1} W
P -1 0 p('jf ' '
fo (v) = ;fﬁb (@*_I‘Foeyk ('“)) 7 I‘FoeYk (v) Fo*(sp = 0.2)
| | - 2 F8 =05 @
0. Vitrac and M. Hayert, Aiche Journal 2005, 51, 1080-1095.

0. Vitrac, B. Challe, J.-C. Leblanc and A. Feigenbaum, Food Additives and Contaminants t 2007, 24, 75-94. 0 05 15 2
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food products, packaging materials, migrants

f food, packaging, migrants

' C < = EF<y = torage conds., uncertaint
Ny (Y . C<x . p, E<y storag , y
N7 O b roduct scale storage cond., uncertainty household scale g _ ‘
N N P )
LA 4 consumption scenarios
" 7
o T Ny 6122 Households
’ﬂ 55 =005 E, = —>> > "% Fo;,Bi,K,L | 221,19 Purchases
365- B, 1,930,257 Purchased units

mmmmmmm high consumers (95! percentile, 20 households)
s intermediate consumers (50 percentile, 20 households)
s [ow consumers (5" percentile, 20 households)
messsm Whole population (5330 households)

cdf = cumulative distribution function 1r

2 physico-chemical scenarios
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v 0. Vitrac and J.-C. Leblanc, Food Additives and Contaminants Part a-Chemistry Analysis Control Exposure & Risk Assessment 2007, 24, 194-215.
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Market demand, new food products

New regulations (e.g., ban of materials or substances)

Life cycle analysis considerations

First solution from known problem-salving tools (TRIZ, Six Sigma approach, etc.)
Diagnostic from root cause analysis, seek of preventive actions

premises

Our research

PHENOMENA-ORIENTE
Multiscale modeling FOOD-ORIENTED, IMEDIUM IN CONTACT PACKAGING-ORIENTED, APPLICATION-ORIENTED
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Tier medeling

‘LP 11 _ IJ
updated polymer, material, compesiticn, gecmetry, cenditicns of use
Feasible solutions

E Minimized waste, migration risk, optimized shelf-life, optimized process and supply chain
‘£ | Computer-aided engineering (mechanical resistance) and manufacturing (extrusion-blowing)

é Additional validation (e.g., consumer acceptance)

& | Global environmental footprint

Safe-by-design and eco-design approaches

3D printing, augmented-reality

D (mm)

110

100

iso-mass (preform), in g

QL
) )69

30 % 30 bottles
optimized

shelf-life=1
year with
minimal
weight, risk
of fire

P ing design

D =0.0600 m

Minatures PET betiles for
alcchelic beverages served in planes

=0 N01E m



Day (2011) Event

INES“

Results

March 11 Earthquake

Tsunami

d+1: Airborne contaminaticn

March 12 Airborne sampling begins

4
4
4
4
4
4
4

5,3
5,3
7

March 15 Contamination NW of FNPP
Environmental sampling begins
d+4: evacuation < 20 km
March 16 Monitoring of food beginsb
March 17 Provisional regulation values (PRV)h set
March 18 5
d+10: centamination 200 km; S
March 21 Contamination 200 km south of FNPPY
First restrictions on food items®
April 12
June 16 Evacuation updated
July 17 “Stable cooling” of reactors established”
Dec 16 “Cold shutdown” of all reactors”
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Nov 2017: end of expert restricticns te EU

Four of the six reactors damaged, diesel generators destroyed®

Evacuation of 3 km radius surrounding FNPP!

Unevacuated residents within 10 km told to stay indoors (est 30 OOO)d

Emergency declared and Nuclear Emergency Response Headquarters (NERHQ) triggered®
Significant radionuclide release of 137Cg and 1311 detected (con’t until early April)

20 km radius around PP “stay-away” or “restricted zone” evacuation (est. 170 000)
“Accident with Local Consequences” applied to Unit 1
significant deposition due to precipitation?

137Cs and 13 detected in 51gn1ﬁcant quantltles in 5011 and plants

“Serious Incident” applied for Unit 44

11 days after initial accident
“Major Accident” for Units 1, 2, and 3 ¢
Spots of “evacuation recommended” basd

e evacuation

Marchidi- 18

@ﬁ — ¥ , 7 % P 4 less than 30 km: stay indoors
/ Bk i —— - ST APAN :



a) measurements e) measurements

deposition
calculation

®
Scenarics of foed expesiire *
Scenarios cf focd exposure. ,.Hl l l
countingfor'storage and .\ H I @
leaging conditicns w
diffusion_--=,

liffusi
Apple

Cembining multiple infermation with different
rescluticns and cbtained cn different pericds

» Metecrclegical data
» Dispersicn data (measured, simulated)

flesh
I liffusi
Apple core

Collaborations

FDA (WEAC, Boston, MA,USA)
IRSN (Fontenay-les-Roses, France)
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380 N

375N
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375 N f

outer
parenchyma
(sampled)

140.0°E 1405 E 141.0'E

138°E  140°E  141°E

131) miceiliﬁon if%fi I
10° 10

parenchyma
of the carpels
zone (discarded)

W=

Length scale

Collaborations

r
| A 7\ FDA (WEAC, Boston, MA,USA)
e \L IRSN (Fontenay-les-Roses, France)

cross-sectioning
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contact time 3 hours
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contact time 2 days
contamintion scenario: 75 a S

38.0°N

375 N

37.0°N

1400°E 1405 E 1410 E

380 N

375 N

37.0°N

1405 E 1410 E

140.0'E
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38.0 N

375 N

37.0°N

38.0°N

contact time 14 days
contamination scenario: 75 days

1400°E 1405 E 1410 E

141.0°E

1400°'E 1405 E

A tool for first respenders
D triage
» crienting future tests

The Fukushima plant teday

ENNoY6/reactor

tor
No. 1 reactor

& No.2 reactor

Temp radioactive
waste storage snte



Large scale medels are real sericus games
(cost-efficient, respensible, preventive or prospective)

Computer and the sccietal demand are the main drivers
(meshless metheds, mere linked scales and phencmena)

Cellaberative and participative groups
across disciplines are encouraged

New approach fer innovaticon in the industry
(experiments are required cnly for validaticn)

Trust is needed on model, simulation and decision
(standards, frentiers in science/engineering)

Teaching, training, real exercises, case-studies
(e.g. Eurepean lnitiative https:/ffitness.agroparistech.fr)
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]w BENXXd Croatia, France, Germany, Portugal, Spain /Uﬁ Main menu

Fitness Stands fo/rFood'packagmg ope
hi educat‘on and staff of

.

A
gc‘tunes\lreractlve conténts and Quiz
. ntWectu fronvéof’hmon to Speei

Co-funded by the
Erasmus+ Programme

Online lectures of the European Union

Online lectures
Common modules

1. What is food packaging
1.1 Pancrama of food packaging
1.2 Packaging materials and shaping process
1.3 Basic legal framework

2. Properties of food packaging materials
2.1 Thermal, mechanical and barrier properties

3. Packaging and food preservation
3.1 Common physical chemical factors affecting food stability

3.2 Food packaging and shelf life

A About Us SFPP3

/
ourseware for
L ENES

ITNESS

http://fitness.agreparistech.fr

SUBSTANCE CONCENTRATION

/ 4 QLILTTE COORDINATOR

s}
&ITNE.SS - .
: Migration phenomenon of substances coming
from polymers

Material structure
Substance concentration ‘

Glass transition temperature

Degree of crystallinit
e* i
° 5
) ) =
< o o9
1 . -t
Substance properties - s
Fro oo mmm—p = .
Diffusion and partition - &F Material thickness |
coefficients © ® J
) S = .
’ ® 9
* 2 . @/ e~
l Temperature and time of contact Packaging geometry

Surface area of contact

(Uthor: undef

part 1/1 references extra casestudies howto solutions

Session 4. Mass transfer in food packaging - Unit 4.2. Migration modeling in m onomaterial s

4.3 Modelling for multi-materials, multi-steps process

Migration modeling for multi-materials, multi-steps process, reusable materials - SPECIALIZED TRAININ
MODULES
author: undef

part 1/1 references extra casestudies howto solutions



Streng community spirit (sustainable, safety and quality)

Low agriculture High agriculture
commedity <+ » ccmmedity and
and feed price foed price

Credits: European
Commission, JRC




