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THE NEW PLASTICS ECONOMY:
RETHINKING THE FUTURE OF PLASTICS

 The New Plastics Economy — Rethinking the future of plastics
(2016, http://www.ellenmacarthurfoundation.org/publications).
e Plastics —the Facts 2017

— An analysis of European plastics production, demand and waste data

 American Chemistry Council
(https://plastics.americanchemistry.com/default.aspx)
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PACKAGING Jotl

Plastics converter demand main market sectors converter demand
° |ts P r| ma ry RO | e Distribution of European (EU28+NO/CH) plastics converter demand by segment in 2016. 4 9 ® 9 m t

. . Source: PlasticsEurope Market Research Group (PEMRG) and Conversio Market & Strategy GmbH
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without it
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EUROPE PLASTICS DEMAND

istics* production is stable in Europe and grows globally

004 2007 2009 2011 2012 2013 2014

Vorld

Plastics production

in million tonnes Europe
(EU28+NO/CH)

0000000 %

2004 2007 2009 2011 2012 2013 2014

Europe Plastic Demand

*Includes plastics materials (themn oplastics and polyurethanes)
and other plastics (thermosets, adhesives, coatings and sealants).
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Examples of How Plastics Are Helping Reduce

the Environmental Footprint of Consumer Goods

American’
Chemistry @
Council TRUGOST

@ ©

o>,

323 million liters
(89 million US gallons)
of gasoline and diesel are
saved over the lifetime of
vehicles in North America’

Using plastics instead of
clternative materials makes vehicles
lighter so they use less fuel

i €

Which means a saving te the Nerth
American economy of

$2.4 billion

in environmental costs over the
lifetime of cars sold in 20157

This represents net
environmental savings
of $162 per carin
North America®

s

Notes/Assumptions
1 e Morih America in 2015,

13year of

Modern plastic
packaging for sirloin steak can
cut food waste by almost half
compared to conventional
plastic packaging

I>

This is a reduction of

b
34% waste to 18% waste ‘

And a nef environmental saving of
$606 per tonne

of beef sirloin sold in
North America

and over $2.18 million in
environmental savings to the North
American economy for every
additional 1% of sirloin steck sold in
modern plastic packaging

1:hudk
3. Assumes 13.8 milion vehickes sk in Morth Armerica in 2015,

All dallor volues ore in USD.
Sourcer i Costs and O

A ey Reducing Food Waste
Council Through Plastic Packaging

Food waste presents significant financial and environmental impacts. But plastic
food packaging has the ability to help prevent food waste, save money, and reduce
environmental effects. Plus it helps keep foods fresh and sanitary.’

Preventing Food Waste

Foods without packaging are thrown out uneaten more often than foods

protected by packaging.

Think about the items in a typical refrigerator. Fruit
and veggies tightly sealed in protective plastic are
more likely to reach the dinner table than unpackaged
fruit and veggies.

200

The strong correlation between food packaging and waste is backed by research.

U.S. Fresh Food Sales: Percentage Sold Packaged vs Wasted (%)?

100

a0
: l I
S .- .. -l

Seaiood

Fresh Fruit FreshVegetables Baked Goods Dary &Eggs
. Vi sed 1)

Percontage %)
85

W Paciaged (%)

By safeguarding food with plastic packaging, it stays fresh
longer and has less risk of going to waste.

Stays
Fresh

Longer

Cucumbers Bananas Beef

11 days longer 21 days longer 26 days longer

' Saudy: "QARINING T Value of PAcKaging 35 3 STangyto Prevent Food Waa In Amerca” AMERIPEN, 2018
hep i ymodn comisise s pea.omg/m resmgr/ates & ME RP EN-Whine Paper-FoasWa s paf

Sabana

? J33p003: EUromoniannr INeMRonal 2017 & REFED 20
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Environmental Costs of Plastics vs Alternatives use and disposal of plastic

in Consumer Goods Sector packaging across the six
studied areas per year saves:

$600 $533 BILLION
$500 * enough energy to fuel 18
£ 5100 million passenger vehicles,
Z§ . e enough water to fill
S $139 BILLION 461,000 Olympic swimming
g P pools,
g $100 -  waste equivalent to the
T %0 weight of 290,000 Boeing
$100 Business as Usual Alternatives to Plastic 747 airplanes, and
* the acidification potential
pecemimne ERdoRNmaeemeds” Bimipd Ehodicion:  SHGHNG cnd By ooy of 292,000 railcars of coal.
Allyson Wilson ACC (202) 249-6623

. Sabanci .
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Food Loss and Waste

* 4 billion tons of food are produced to feed

7.6 billion people

30-50% of consumers are suffering from loss
before reaching.

2 billion tons of food loss per year
Economic losses (S 750 billion)
Climate change (carbon footprint ...)
— 3.3-5.6 billion tons of greenhouse gas
Water reserves are depleted

— loss of water up to the Nile River
Loss of soil and biodiversity

— 2 million m? area

Time, Labor and Energy Loss

World Population

Projected world population until 2100

1990 “m""” bl||l0n
2015 "ﬂﬁﬂm bl|||0n

2030 #'MH"H"#" bl||10n

2050 *m*'ﬂﬁﬂtﬂ#ﬂ bllllon
<o Attt .0,

Source: Uni ns Department of Economic nd Soc al Affairs,
Populati !aan ision, Worldﬂbp ulation Prospects: The 2015 Revision
Produced by: United Nations Department of Public lfoma ion

biggest-global-challenges/

The Food Waste Iceberg

Bill at producer price:
$750 000 000 000
Bill at retail price:
$1000 ooo 000 000

Eroded Land ‘Bill from nature:

: A $700000000000
GHG Emissions

Cleared Forests

Increase in Food Prices Loss of Wetlands

Loss of Biodiver g
Climate Cha i thl ncr .
Universitesi




* Packaging protects food from

environmental influences such as * Oxygen scavengers
— heat, light, * Carbon dioxide absorbers and
— presence or absence of moisture, emitters
_ oxygen, pressure, e Ethylene absorbers and
— enzymes, spurious odors, microorganisms, adsprt?ers _
insects, dirt and dust particles, * Antimicrobials
— gaseous emissions, and so on * Moisture control agents
* Prolonging shelf life involves * Temperature control: self-
— retardation of enzymatic, microbial, and heating and cooling (PCM)
biochemical reactions * Flavor and odor absorbers
* temperature control; ¢ ngh chemical barrier material
* moisture control; Innovations
* addition of chemicals * Sustainable food packaging

e removal of oxygen;

e or a combination of these with effective packaging .. Sabanct .
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Metals

kMO Nisin

\ ‘ Metal oxides Essential
_*\ ‘ Activated carbon oils Lactoferrin
MOFs

Titanium Lysozyme

dioxide

Chitosan

Active
Sodium
Palladium agents for bicarbonate
@ ) % Ascorbic acid food pa——
op Pyrogallol H
S Gallic acid packaging
9; Ferrous
(?‘,p Glucose oxidase carbonate
a Phenolic '

8 O Laccase /Essential oils
compounds

Plant extracts —
Lignin

Fig. 2. Active agents for active food packaging.

Trends in Food Science & Technology 80 (2018) 212-222

Nanotechnology has the
potential to transform food
packaging

Lumen space

Imierlayer hydroxyl
proups (AL-OH} Inner- swrfnee hydnosyl

groups (AT-CKH )

Edge (Al-OH}
LTCHIpS
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 Multiple Function
— Mechanical (strength and modulus)

HNTs are nanotubes with high
L/D ratio and possess a low

 Amtimicropia
density of surface hydroxyl ntimicrobia

— Absorbent
groups compared with other _ Antistatic
silicates. Consequently it is _ Barrier
expected that HNTs will be _ Thermal balance
promising as reinforcing fillers . Light Weight

for polymer materials * Low Gauge

Responsible Consumption and Production " Sabanct .
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Carvacrol Loaded Halloysite Nanotubes, as Antimicrobial and
Antioxidant —_

Carcvacrol/HNT
mixture

N

—

li{g]

=7

1) Ultrasonication

2) Vacuum application
e 3) Removing excess carvacrol — [_[E:]

4) Washing to remove surface adsorbed carvacrol [i_l
5) Drying into powder

80

60 +

TGA (%)

40 -

20

unloaded HNTs

I 17.40 £ 3.05 %

carvacrol loaded HNTs

% loading
efficiency

carvacrol

T
200

T T T
400 600

Temperature (OC)
Unal et al., Progress in Organic Coatings, 2016, 101, 253-261.

T T T T
800 1000 12C
4 . Sabanci
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% mass uptake

Regular Ethylene scavengfers capacity is around 2500 microliter/g, functionalized HNT varies between 3000-8000 microliter/g

-0,05
-0,10

Ethylene adsorption capacity of Halloysite Nanotubes
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Halloysite Ethylene Adsorption

% Mass Ethylene uptake 10 points
% Mass Ethylene uptake 5 points

T T
200 400

T T T T T
600 800 1000

Pressure {mbar)

% Mass

0,325 -
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0,100 -
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Antihalo Ethylene Adsorption

B % mass Ethylene Uptake Second Try
& % mass Ethylene Uptake First Try

-0,025 -

T T T T T L T
200 400 600 800 1000

Pressure (mbar)

Halloysite adsorption experiments were performed by using Hiden Isochema Intelligent Gravimetric analyzer
(IGA-003) with ethylene gas



PCMs are passive thermal energy storage materials used in the thermal packaging industry to

maintain a temperature-sensitive product within the manufacturer’s required temperature range

during all transportation phases
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(a) = pure paraffin wax
~— p-HNTs/m-paraffin wax
= PDMS-HNTs/m-paraffin wax
== PDMS-HNTs/m-paraffin wax
after 200 cycles

Fig.1 SEM images of (a) p-HNTs and (b) PDMS-HNTs. TEM images of 2
(c) PDMS-HNTs, (d) PDMS—-HNTs/m-paraffin wax composite, (e) -45
PDMS—-HNTs/m-MA composite and (f) PDMS—-HNTs/v-MA composite.

Scale bar: (a, b, d) 100 nm and (c, e, f) 50 nm.

Energy removal to lower [1kg] of liquid water from (+5°C) to (+2°C) = 12.6 kJ x 20=240

Energy removal to lower [1kg] of liquid PCM (+5°C) to frozen PCM (+2°C) = 233.3 kJ
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HNT coated w [3-(trimethoxysilyl)-propyl, alkyldimethylammonium chloride]

(Anti

ic) and PE/PP.compound
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Antimic-Powder PE Nanocomposite Film Preparation and
Properties

* 20 % wt Antimicrobial powder used for Masterbatch
preparations

* 1, 3, 4, 5% wt masterbatch used for poliethylene blown/cast
film production

* Polypropylene-injection molding
* Polyurethane-coatings and injection molding
* Polyamide-injection molding and film

e Polyesters-blown molding, injection molding, film etc...

. Sabanci .
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Mechanical properties of PE film w Antimic coated HNT Powder

. _ 60 - 0

20. ] : 1% MB
E 154 E 404
2 S s
4 105 5% Me v I
= 1 3% MB ' Ll s 20- H
(V] 5. 1% MB 5 v 3% MB

Jof— .
0 LLDPE-Control 0 ' LLDPE-Control
0O 20 40 60 80 100 0 100 200 300 400
Strain (%) Strain (%)

Figure 2. Stress-strain curves of LLDPE/MB film samples (right) along with expanded linear
region (left).

. Sabanc .
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% Increase Mechanical Properties Machine and Transverse Direction

Mechanical properties of LLDPE/MB film samples (machine direction)

Sample E (MPa) O100% strain (MPA) | Oy (MPQ) | € (%) W (MJm?=3)
LLDPE-Control | 10948 14.5+0.7 30.4+1.9 | 390£20 757
1% MB 24316 17.3+0.4 544421 | 440%10 11416
3% MB 277+13 19.9+0.6 48.8+1.7 | 420+10 11349
5% MB 312+11 22.0+0.7 43.9+1.2 | 350+10 95+8

Mechanical properties of LLDPE/MB film samples (transverse direction)

Sample E (MPa) 0100% strain (MPa) Omax (MPa) € (%) W (MJm-3)
LLDPE-Control 125+22 9.01+0.3 15.6+2.9 | 407+104 46+12
1% MB 144.6+27 8.27+0.2 10.6+1.6 | 275440 25+6
3% MB 166.4+40 8.27+0.1 9.87+2.5 | 281+131 2717
5% MB 172.6+11 8.47+0.1 10.0£0.9 | 292+21 28+3

..Sabanc1 .
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Antimicrobial Performance of PE film w Antimic Powder-
JIS Z 2801:200 method

S. Aureus E. Coli

S. aureus ATCC 6538 E. coli ATCC 8739
Mikrobiyal yiik Mikrobiyal yiik .
*kob/ml % Oldiirme R dege *kob/ml % Oldiirme R dege
Orani Orani
Ornek 24.saat 24.saat 24.saa | Ornek 24.saat 24.saat 24.saa
% 1 MB Uygulanmig Malzeme 1.25x10° 99.967 3.49 % 1 MB Uygulanmis Malzeme 1.24 x10* 99.436 2.24
1.00x10" 99.974 3.59 2.77x10° 99.874 2.89
0.8x10° 99.979 3.68 6.65x10° 99.697 2.51
% 3 MB Uygulanmig Malzeme 7.5x10 99.980 3.7 % 3 MB Uygulanmis Malzeme 1.01x10° 99.954 3.33
50 99.987 3.89 2x10° 99.909 3.04
1.20x10° 99.969 3.51 7x10° 99.968 3.49
% 5 MB Uygulanmis Malzeme 1.10x10° 99.971 3.54 % 5 MB Uygulanmis Malzeme 2.13x10° 99.318 1.01
9.90x10° 99.746 2.59 1.30x10" 99.409 2.22
5.78x10° 98.517 1.82 2.10x10" 99.045 2.02
Kontrol 2.70x10° (0. Saat) - | Kontrol 5.41x10° (0. Saat) - -
3.90x10° (24. Saat) 2.20x10° (24. Saat)
Bakteri Kontrol 2.0x10° Bakteri Kontrol 4.0x10°

.. Sabanci
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Films incubated with Pseudomonas aeruginosa for 48 h

B LLDPE

LLDPE/1% MB : LLDPE/3% MB LLDPE/5% MB

.. Sabana1 .
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Controlled Release

As the lumens of HNTs could be Food security and Sustainable
loaded with drugs or other agriculture

chemicals, HNTs are expected to * Antifouling

be ideal materials for controlled * Antibacterial

or sustained release of drugs, « Antifungal

other bioactive molecules or e Pesticides

other additives

Zero Hunger

.. Sabana1 .
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There are 600,000 da greenhouse, 200,000 da low tunnel cultivation of it,
Total of 7 million tons of vegetable production, 1/3 low tunnel production
10 kg of pesticides are used per da means 2 tons of pesticides and 0.1% of it
reaches the target,

Approx 60,000 tons of greenhouse cover film needed 0.3-1% insecticide
loaded HNT sufficient

@ % Mortality @ Probit

100 | 7 —— Linear Fit of Sheet1 H

80 -

o
[ *]

60 -

Probits

40t

Mortality (%)

20 -

- H
oes 112002017 [P T T

0.0 1.0x10° 2.0x10° 3.0x10° 4.0x10° 5.0x10° 6.0x10° 00 1.0x10° 2.0x10° 3.0x10° 4.0x10" 5.0x10° 6.0x10°

Dose (glcm?) Dose (g/em?)
(a) Insect mortality graph, (b) Probit line responses. %
values represent mortality levels that are transformed to
probit for statistical analysis.




Multi-Functional Polymeric Nanocomposites using Halloysite
Nanotubes

7\ f‘ f\ Incorporate into

polyrnerlc film or
CD T bt

Natural, nontoxic nanocontainer E
loaded with natural antibacterial
agent

Polymeric coating or film with enhanced
anti-bacterial and/or barrier properties

. Sabanci .
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Antibacterial Activity of Carvacrol Loaded HNTs

Staphylococcus Aureus

Pseudomonas putida Aeromonas hydrophila  Listeria monocytogenes

unloaded
HNT s

carvacrol
loaded
HNTs

. Sabanc .
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Antimicrobial Performance of PE film w Carvacrol
Powder-JIS Z 2801:200 method

S. Aureus

S. aureus ATCC 6538

Mikrobiyal yuk

*kob/ml % Oldiirme R dege
Orani
Ornek 24.saat 24.saat 24.saa
% 2 Carvacrol Uygulanmig <10 99.997 4.59
Malzeme <10 99.997 4.59
<10 99.997 4.59
% 5 Carvacrol Uygulanmig 6.15x10° 98.423 1.80
Malzeme <10 99.997 4.59
2.40x10° 99.938 3.21
% 10 Carvacrol Uygulanmis <10 99.997 4.59
Malzeme <10 99.997 4.59
<10 99.997 4.59
% 25 Carvacrol Uygulanmig 9.50x10* 99.756 2.61
Malzeme 7x10 99.982 3.74
8x10 99.979 3.68
Kontrol 2.70x10° (0. Saat) -
3.90x10” (24. Saat)
Bakteri Kontrol 2.0x10°

E. Coli

E. coli ATCC 8739
Mikrobiyal yuk .
*kob/ml % Oldiirme R dege
Orani

Ornek 24.saat 24.saat 24.saa
% 2 Carvacrol Uygulanmis 1.20 x10° 99.945 3.26
Malzeme 4.0x10 99.998 4.74

4.45x10° 99.979 3.69
% 5 Carvacrol Uygulanmis 2.80x10° 99.872 2.89
Malzeme 2.33x10" 98.940 1.97

3.5x10° 99.984 3.79
% 10 Carvacrol Uygulanmig <10 99.999 5.34
Malzeme <10 99.999 5.34

<10 99.999 5.34

% 25 Carvacrol Uygulanmis 1.40x10° 93.636 1.19
Malzeme 1.35x10° 99.938 3.21

1.00x10° 99.954 3.34
Kontrol 5.41x10° (0. Saat) _

2.20x10° (24. Saat)

Bakteri Kontrol 4.0x10°

.. Sabanci
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A)

HNT/PE filmi PE filmi Filmsiz

Day 0

Day 8

B)

not packaged packaged with PE i packaged with HNT/PE

2,54

»
=}

Tomato firmness (kg/cm?)
o
1

o
”
1

0,0-
day 0 day 10 day 10
packaged with PE  packaged with HNT/PE

Photographs of banana samples packaged with PE films and
HNT/PE films containing 5 wt % HNTs B) Firmness of tomato
samples packaged with PE films and HNT/PE films containing .
5% HNTs. By Courtesy of Dr. Hayriye Unal-SUNUM




2,5

I PE

1 ] HNT/PE 1%
2.0- Il HNT/PE 5%

1,5
1,0

0,5 1

Strawberry weight loss (Wt %)

0,0 +

Day 2 Day 3 Day 6

Time based weight loss of strawberries packaged with
neat PE films (red), nanocomposite films loaded with 1
wt % (green) and with 5 wt % HNTSs (blue).

By Courtesy of Dr. Hayriye Unal-SUNUM
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HNT loading in PE film (wt%)

Oxygen transmission rate (OTR) (A) and water vapor
transmission rate (WVTR) (B) of nanocomposite films
at different loading ratios.
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UPCYCLING

PLA/XPU/WCF TERNARY BLENDS

65% increase in stiffness, 42% increase in strength by using 15% waste cellulose fiber and waste vulkollan



PLA/XPU/WCF Ternary Blends

\ R
L5
, ' { . | High-shear
T f 4 Thermo-kinetic Mixing
RNy + ' - 5
Sl ol o B < ( ) | 5000000 rpm
o B A 0\ o0 p \
B 1A 4  ..~ A -

ot

Poly(lactic acid) Waste Crosslinked Waste Cellulose Fiber

(PLA) Polyurethane (XPU) (WCF)
. VaY {
f
XPU WCF
15 wt.% 5,10, 15, 20 wt.%

Impact Resistance  Stiffness & Strength

. Sabanci
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Ies

Mechanical Properti

Ternary Blends

Elastic Modulus (GPa)

Tensile Strength (MPa)

4,04
3,54 =
pure PLA o
3,0- + """"""""" . é ------------------------
2,54 -9
2,04 PLI?/XF!U-lS _ . '
0 5 g 15 90
WCF Content in Ternary Blends (wt.%)
65{pure PLA
601 ¢ :;wé
il
40{PLA/XPU-15

0 5 G it 55
WCF Content in Ternary Blends (wt.%)

Strain at break (%)

Charpy Impact Strength (kJ/m?)

1PLA/XPU-15
254 +
154 "
104 ¢ = =l Q.
r E i ‘e
54 |
] ipwePlA.
0 5 10 Y o0
WCF Content in Ternary Blends (wt.%)
80-
PLA/XPU-15
1 e 6 ..................... o 9 9
60{ *
404
204 :purePLA
CEmpm =y
0 5 e 6

W(CF Content in Ternary Blends (wt.%)
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Plastics recycling with a difference

by Haritz Sardon, and Andrew P. Dove

Science
Volume 360(6387):380-381
April 27, 2018

A AAAS ..Sabanct .
Published by AAAS Universitesi




Repeatedly recyclable polymers

Repeatedly recyclable polymers

Zhu et al. report production of a plastic that can be recycled repeatedly through chemical methods

without loss of function. Blending of the two enantiopure polymers yields a plastic that can withstand higher
temperatures, expanding its usefulness further.
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