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Where does this company sit within the circular economy?

Mining/materials manufacturing

Technical nutrients

Parts manufacturer
Biochemical Product manufacturer
Biosphere feedstock

Service provider
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Consumer
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The linear 'Take - Make - Dispose'
system, which depletes natural
resources and generates waste, is deeply
flawed and can be productively replaced
by a restorative model in which waste

does not exist as such but is only food
for the next cycle
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The Emmen-area

This area is specialized in plastics and plastic products (including synthetic fibers).

This specialization originates from de 50’s when AKU, later Akzo Nobel, started
a 100 hectare location in Emmen for PA6 fibers and PET textile and technical fibers.

Nowadays, it is a multi-company location with global companies DSM and Teijin Aramid,
and other companies like SunQil, Cumapol, Morssinkhof Plastics, Low & Bonar, and
Senbis Polymer Innovations.
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PETROCHEMISTRY

BIOMASS

Monomeer
Ethylene
Propylene
Styrene
Vinylchoride
Caprolactam

Ethyleneneglycol
Terephthalic

Corn (lactic acid)*

Polymeer
Polyethylene
Polypropylene
Polystyrene
Polyvinylchloride
Polyamide 6 (Nylon 6)

Polyethyleentereftaat

Polylactic acid

Abbreviation
PE (biobased)
PP

PS

PVC

PA6

PET (partially biobased)

PLA (compostable)
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Biobased ‘ v

up to 30% plant-based
100% recyclable bottle

redesigned plastic,
recyclable as ever.

Bioplastics |

e.g. PLA, PHA, —_—
PBS, Starch blends

N
on Biodegradable

Conventional
plastics
Braskem

e.g. PE, PP, PET

Fossil-based




Plastics are:
* Cheap
e Easy processable
Light weight
And can have different properties &=

* Easy recycable

But: =
» Plastic Soup (The Great Pacific Garbage Patch)
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Plastics* production is stable in Europe and grows globally -

2004 2007 2009 2011 2012 2013 2014

World

Plastics production
in million tonnes Europe

(EUz8+N0O/CH)

2004 2007 2009 2011 2012 2013 2014

*Includes plastics materials (thermoplastics and polyurethanes)
and other plastics (thermosets, adhesives, coatings and sealants).
Source: PlasticsEurope (PEMRG) / Consultic Does not include the following fibers: PET-, PA-, PP- and polyacryl-fibers.



Biobased ‘ v

up to 30% plant-based
100% recyclable bottle

redesigned plastic,
recyclable as ever.

Bioplastics |

e.g. PLA, PHA, —_—
PBS, Starch blends

N
on Biodegradable

Conventional
plastics
Braskem

e.g. PE, PP, PET

Fossil-based




Polymer Application Centre

Green PAC (Green Polymer Application Centre)

Initiative of Stenden University and Windesheim University (Zwolle)
Centre of Expertise on Smart Polymeric Materials
* Master Polymer Engineering (dual master with RUG, WUR and uTwente

Projects (always with regional companies):

3D printing (new monofilaments on own extrusion line): e.g. elastic materials

3D printing education

Biocomposites (bridge in Emmen Wildlands Zoo and bicycle bridge in Leeuwarden)
Sustainable Fibers (rPET, bioPET, PLA, and PBS)

Biocomposite bicycle lane, incl. smart lightning

High-end composites (WCCS, World Class Composite Solutions, light weight construction)
Recycling projects (e.g. sorting, cleaning and both product and business development)



rPET based
industrial yaras

Discover industrial yams based on recycled
palymer rrade from pest comumes and
industrial plastics.

For industees that want % ey op with

the Increasisg demands from customens
with 3 sezaratle Sfestye.

(=)
Polymer Application Centre

Met dit project is een biocomposieten sandwich brugdek
ontwikkeld voor het nieuwe dierenpark in Emmen dat
bestaat uit natuurvezelversterking met bioharsen.

s 2
ey
oot




BERNN: new initiative BERNN

Bio Economy Region Nothern Netherlands Bio Economy Region Northern Netherlands

* Van Hall Larenstein University of Applied Sciences, Leeuwarden

* NHL University of Applied Sciences, Leeuwarden

e Stenden University of Applied Sciences, Leeuwarden KensedR parAvest
* Hanze University of Applied Sciences, Groningen
° RUG OP Zuid

OP Noord

 EFRO project with focus on cellulose and PHA’s

Europese Unie

Europees Fonds voor Regionale Ontwikkeling



Ellen MacArthur
Foundation
World Economic Forum
McKinsey & Company
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TODAY, PLASTIC PACKAGING MATERIAL FLOWS ARE LARGELY LINEAR

8% CASCADED
RECYCLING*

4% PROCESS
LOSSES

2% CLOSED-LOOP
RECYCLING'

WORLD FORUM, ELLEN &
ANEW PLASTICS ECONOMY: RETHINKING THE FUTURE OF PLASTICS (2016)

WWW.ELLE! ICATIONS

1 Closed-loop recycling: Recycling of plastics Into the same or similar-quality application
2 Cascaded recycling: Recycling of plastics into other, lower-value applications

Source: Project Malnstream analysis - for details please refer to the extended version of the
report available on the website of the Ellen MacArthur Foundation:
www.ellenmacarthurfoundation.org




WITH AN EXPECTED SURGE IN CONSUMPTION, NEGATIVE
EXTERNALITIES RELATED TO PLASTICS WILL MULTIPLY

2014 2050

PLASTICS
PRODUCTION
1

31 MT ,124 MT

RATIO OF PLASTICS TO
FISH IN THE OCEAN'
(BY WEIGHT)

15 >11

PLASTICS’ SHARE
OF GLOBAL OIL
CONSUMPTION?

6% 20%

PLASTICS' SHARE
OF CARBON BUDGET®
1% 15%

FORUM, ELLEN MCKINSEY & COMPANY,
A NEW PLASTICS ECONOMY: RETHINKING THE FUTURE OF PLASTICS (2016)
WWW.ELLENMACARTHURFOUNDATION.ORG/PUBLICATIONS

WORLD

1 Total ocean plastics growth (x5) Is faster than plastics production growth (x3) as the majority of consumption growth will be In high-leakage
markets. Fish stocks are assumed to be constant (conservative assumption)

2 Total ol consumption expected to grow slower (0.5% p.a.) than plastics production (3.8% until 2030 then 3.5% to 2050)

3 Carbon from piastics Includes energy used In production and carbon released through Incineration and/or energy recovery after-use. The
latter is based on 14% Incinerated and/or energy recovery in 2014 and 20% In 2050. Carbon budget based on 2 degrees scenario

Source: Plastics Europe; ICIS Supply and Demand; IEA World Energy Outlook (2015) global GDP projection 2013-2040, assumed to continue to
2050; Ocean Conservancy and McKinsey Center for Business and Environment, Stemming the Tide: Land-based strategles for a plastic-free
ocean (2015); J. R. Jambeck et al., ‘Plastic waste inputs from land into the ocean’, Science (13 February 2015, IEA Workd Energy Outiook 2015
central ‘New Policies’ scenario oll demand projection 2014-2040, assumed to continue to 2050; J. Hopewell et al. ‘Plastics recycling: Challenges
and opportunities’, Philosophical Transactions of the Royal Society B, 2009; IEA CO2 emissions from fuel combustion (2014); IEA World Energy
Outiook Special Report: Energy and Climate Change; Carbon Tracker Initiative Unburnable Carbon (2013)




THE NEW PLASTICS ECONOMY

CREATE AN EFFECTIVE AFTER-USE
PLASTICS ECONOMY

OTHER
MATERIAL
STREAMS

ENERGY RECOVERY'

DECOUPLE PLASTICS FROM DRASTICALLY REDUCE THE
3 FOSSIL FEEDSTOCKS LEAKAGE OF PLASTICS INTO
NATURAL SYSTEMS & OTHER

NEGATIVE EXTERNALITIES

WORLD FORUM, ELLEN & COMPANY,
A NEW PLASTICS ECONOMY: RETHINKING THE FUTURE OF PLASTICS (2016)
WWW.ELL]

1 Anaerobic digestion

2 The role of, and boundary conditions for, energy recovery in
the New Plastics Economy needs to be further investigated.
Source: Project Mainstream analysis




NHL

KENNIS EN BEDRIJF NHL Hogeschool. Vergroot je perspectief.




