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The Plastics Perception

Blue Planet i
Nov 2017

Planet or Plastics
National Geographic
June 2018
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What is the Problem?
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Synthetic chemistry - The last 160 years:
Making & breaking strong covalent bonds

Archibald Scott Couper (1831-1892)

1858 — Tetra-Valence of Carbon

A.S. Couper (14 June 1858) "Sur une nouvelle théorie chimique,”

(On a new chemical theory), Comptes rendus, 46 : 1157-1160.

Source: https://sciencenotes.org/today-in-science-history-march-11-archibald-scott-couper/
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The Plastics Value Chain

Hydro-Carbon
Chemicals

Fossil Energy

Source:

Petroleum systems international

BASF — Ludwigshafen DEAD
National Geographic — June 2018 — John Seymore END

Triona Hartman poster

AHEAD

\ 4
Consumable
Products

Convenience
Applications

Shun Accountability

6 Rudy Koopmans, PICC - Plastics or Planet? - 17th TAPPI European PLACE Conference 2019 Porto - Keynote




Total

f%milliuntonsproducedin 2015 1 metric ton = 1.1023 US ton

Growthin Asia

As the economies in Asia

grow, so does demand for

consumer products—and 400
plastics. Half the world's
plastics are made there,
29 percent in China. 2008 recession

52 million

includes health care and agriculture

UELER Syears <t The average time plastics are
used before they're discarded.

ing and construction

Global Plastics Volume

300 NENNNENNRNNNNNNNNNNE 20 years

Global plastic T rtati
production by industry S(I)a’:sim" fon
in millions of tons m B 13 years

Electrical

19 n
Legacy of World War Il WRNRNNRN 8 years
Shortages of natural 200
materials during the Textiles
war led to a search for 65 million
synthetic alterna- Syears
tives—and to an expo
nential surge in plastic ‘Consumer products

production that 46 million

continues today.

10
1973 oil crisis 161 million

I Less than six months

The largest market for plastics today is

for packaging materials. That trash now
accounts for nearly half of all plastic waste
generated globally; most of it never gets
recycled or incinerated.

1950 1960 1970 1980 1990 2000 201015

JASON TREAT AND RYAN WILLIAMS, NGM STAFF
SOURCE: ROLAND GEYER, UNIVERSITY OF CALIFORNIA, SANTA BARBARA Source: National Geographic Magazine June 2018
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‘World population growth, 1750-2100
Annual growth rate of the world population
— World population
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Projection

Global Plastics Volume

8 Rudy Koopmans, PICC — Plastics or Planet? - 17th TAPPI European PLACE Conference 2019 Porto - Keynote

Other Total: 406 million metric tons




Convenience and Individualization

Source: INCPEN

‘ From Cow to Consumer (and back)? ‘
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The Alternatives

Average package weight
per 100g product

METAL CAN
23.7g
CARTONBOARD

24.8¢g

Options require i
choice and have consequences

152, 00 plastr.
cavvier baj:. |

= |
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Marketeers

PET Bottle Demand by Region

2011/2016/2020 3 2 %
]

+5.7% CAGR
Asia Pacific 2016-2020 GLOBAL GROWTH FOR
PET BOTTLES 2015-16

North America

Western Europe

+1.9% CAGR 20162020 1 O 6

BILLION PET BOTTLES IN
EUROPE 2016

Latin America

Eastern Europe

Middle East/Africa

_m,l 83

BILLION GLOBAL GROWTH
FOR PET BOTTLES 2016-20

Australasia

o

56 100 150 200

Billion units -
AT,

Source Picture: indiamart.com ~ 500 Bi"ion = ~ 16000/Sec
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The True Life
of
the PET Bottle

L
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Microplastics

Photography:
Mandy Barker
National Geographic

“Bio”- Plastics

PLASTICS TODAY

"Bio" Plastics

~2 MM vs. ~406 MM

Plastics

Global production capacity data for 2015/2016 (solid bars) and announced production capacities for 2020 (shaded bars) of bio-
based biodegradable polymers (Green), bio- based non-biodegradable (drop in) polymers (Blue) and fossil-based biodegradable
polymers (Red) (IFBB, 2016); (European Bioplastics, 2016) (van den Oever, Molenveld, van der Zee, & Bos, 2017)
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Composting

.
P

e

European
Commission

— =

CIRCULAR ECONOMY . —

Closing the loop ~

AN AMBITIOUS EU CIRCULAR ECONOMY PACKAGE,

D Gl
i Crmmibrast
\ s
=N Q
ELIMINATE INNOVATE CIRCULATE

o~
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Bali, 29 October 2018 - A Global Commitment to eradicate plastic waste and pollution at the
source has been signed by 250 organisations including many of the world's largest packaging
producers, brands, retailers and recyclers, as well as governments and NGOs




EU action plan for the Circular Economy

* A common EU target for recycling 65% of municipal waste by 2035; (current ~40% current - 2015)

* A common EU target for recycling 70% of packaging waste by 2030; (current ~25% recycled — 50% landfill - 2015)

* There are also recycling targets for specific packaging materials:

Paper and cardboard: 85 %
Ferrous metals: 80 %
Aluminium: 60 %

Glass: 75 %

Plastic: 55 % !

Wood: 30 %

* A binding landfill target to reduce landfill to maximum of 10% of municipal waste by 2035;

* Separate collection obligations are strengthened and extended to hazardous household waste (by end 2022), bio-waste
(by end 2023), textiles (by end 2025).

* Minimum requirements are established for extended producer responsibility schemes to improve their governance and
cost efficiency.

* Prevention objectives are significantly reinforced, in particular, requiring Member States to take specific measures to
tackle food waste and marine litter as a contribution to achieve EU commitments to the UN SDGs.

J

Rudy Koopmans, PICC — Plastics or Planet? - 17th TAPPI European PLACE Conference 2019 Porto - Keynote

Single Use Plastic

Consumption | Market Product Marking Extended Separate | Awareness
reduction |restriction| design requiremeryts | producer ollection raising
requirement responsibility [/objective | measures
Food containers X —— X
Cups for X X X
beverages
Cotton bud sticks X
Cutlery, plates, X
stirrers, straws
Sticks for balloons X
Balloons X X X
Packets & X X
wrappers
Beverage
containers, their X X X
caps & lids
- Beverage bottles X X X X
Tobacco product X X
filters
Sanitary items:
- Wet wipes X X X
- Sanitary towels X X
ngh"[welgh} X X
plastic carrier bags
Fishing gear X X
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Solutions
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Driving Circularity

_| Renewable

a

Chemicals

Renewable

_| Sustainable

\ 4
Renewable
Energy
A
Source:
http://r een.net/%EF%BBY%BFbenefits-using-green-rer -energ

http://www.timberexchange.com/pages/biomass/13
National Geographic — June 2018 — John Seymore

Applications
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Engaged Accountability




Towards a Renewable & Circular Plastics Industry - BioEconomy

* Act 1: ” ’

* Address the existing .

* Simplification, Identification, After-use Infra-Structure (Recover, Re-use) ‘ Oy Plastic

* Act 2:

* Address the novel
* Use nature’s polymers (un-valorized Biomass)

* Act 3:

» Address alternative synthetic polymers
* Use nature’s chemicals & principles (un-valorized Biomass)
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Would you sort your rubbish in 7 different bags?

2l City of Eskilstuna — Sweden
You follow this code:
' , . Municipal waste: 50% recycled — now!

0% Landfill

Textiles

50% Energy recovery (but CO, ®)

Plas =
Cartons

https://www.bbc.com/news/av/business-47880558/would-you-sort-your-rubbish-into-seven-different-bags.
Douglas Shaw for BBC business
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Recycling

Source Picture: indiamart.com
Source Picture: Daniel Sarabia AB
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Beiis iy
somethi ng
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A Brief History

Nature - The last 1 Billion years:
Organize molecules using weak bonds
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Nature’s Polymers

Biomolecules
Monomer Polymer.
Amino Add

Cellular structure
Polypeptide

ntermedite lament

o O
ST
]

Nockotide

Information

Stareh grains
Ftty acd

Energy

Adipose cols withft croples

Facilitation

Source: Review of the Universe, [Molecules] in website: universe-review.ca

Food Contalning Unsaturated Fas
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(Dry) Biomass Agricultural biomass e g

Crapezenemi: produsian: §id de Prauidhs produsses: 442 L Wized snedustion 510 Nt (23005

EU 28 — Annual Production
1,466 Million Tons

Bio-

materials
18.82%

Sigarand snrchy

Actual use 805 Million Tons !

Biomass production, supply, uses and flows in the European Union - EUR 28993 EN — 2018 (2013 estimates) https://ec.europa.eu/jrc
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Packaging in Nature
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Natural Proteins (Polymers)

Un-valorized Proteins from Textile & Food Industry
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Proteins

R R group Primary structure

o-carbon

44 Amino acid chain

Secondary structures ~ ————————— Tertiary structure
o helix Bsheets
m:\rino group Carboxyl group é ‘\

. . = bz o
Amino-Acids (21): - [
Versatile Building Blocks ", \53@
Functional & Chiral *

Source Pictures: Courtesy Prof. A. Aggeli
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Self Assembled Proteins: Spider Silk

A N
s
<{ J \ 1
hydrogen bonds 4 iy
§ Bsheets
strands interlock %
intopleated 8-sheets

Exploit Weak Interactions
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Symbiotic Materials: Nacre

10-20 micron wide, 0.5 micron thick

Proteins Keeps
Hexagonal Aragonite Platelets
In-place
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Milk Proteins as Plastics

https://www.qmilkfiber.eu
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WHEYLAYER', 2
registered trademark

Tre WHEYLAYER fectnoiogy s
patent penaing (B2011/053271) an
WHEYLAYERD i a registered
waemark

Product Information The New Company The Process

http://www.wheylayer.eu
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A New Approach to Polymers

° ol o J A
-3 3 W
g — = : J

W.“ Ribbon

Highly cooperative H-bonds
Cross-strand attractive forces
Lateral recognition of adjacent beta-sheet strands
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Switchable Peptides
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R. Koopmans (ed) Advances in Chemical Engineering Volume 35, Elsevier, 2009
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Apply Learnings from Nature

Source Pictures: Nobelprize.org — TUEindhoven http://www.fna.phys.tue.nl/
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http://www.suprapolix.com

Vitrimers

Reshaping
Welding
Recycling

W. Denissen et al., Chem. Sci., 2016, 7, 30

https://www.espci.fr/en/directory?recherche=leibler&r_en_cours=on&type=recherche&unique_id=CgRcAjAeBDw%3D&lang=en
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Ludwik Leibler
ESPCI - Paris (F)
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The Future is Now

Source: https://gomobi.info/blog/mobile-is-the-future-and-the-future-is-now/
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The Future is Now

TechnuIOgy

Digitalisation
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The Future is Now

Now Tomorrow
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A new scientific truth does not triumph by
convincing its opponents and making them
see the light but rather because its opponents
eventually die and a new generation grows up
that is familiar with.

/e
Mezr Rlianck
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https://medium.com/@gabrielinnocentrockerfeller/the-impossible-is-possible-at-tia-a07d1c58ble4

Hello

Think about my Future!
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