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NHL Stenden University of Applied Sciences: history

* Formerly Hogeschool Drenthe (with locations in Emmen, Meppel, and Assen).

* Merger (01-01-2008) with CHN, Christelijke Hogeschool Nederland (Leeuwarden).

* Formation of Stenden University of Applied Sciences.

* Merger (01-01-2018) with NHL, Noordelijke Hogeschool Leeuwarden (Leeuwarden).
* Formation NHL Stenden University of Applied Sciences.
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NHL Stenden University of Applied Sciences: locations

Leeuwarden, Groningen, Assen, Meppel, Emmen



NHL Stenden: locations abroad

NHL Stenden has branche campuses abroad (International Hospitality Management, International Business

Administration, Tourism Management, and Disaster Management).
! oy :

Bali:

Bangkok:

Quatar:

Zuid-Afrika:




Green PAC: Center of Expertise (CoE)

e Cooperation with Hogeschool Windesheim (Zwolle): Green PAC (CoE).

* Applied and practice-oriented research .

* Topics:
 Composites and biocomposites.
Polymer Application Centre
Een initiatief van Stenden en Windesheim

e 3D printing (FDM en SLA).

* Bioplastics (biobased and /or biodegradable).

* Fibers and yarns.

* Recycling (mechanical- or chemical recycling of plastics).

* JjLAB, Innovation Laboratory in Zwolle (located on the Polymer Science Park) and in Emmen (located
on the Emmtec Industry & Business Park).

* COCI, Centre of Open Chemical Innovation in Emmen (located on the Emmtec Industry & Business
Park).



Origin of plastics




Plastics and polymers
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Amorphous vs. crystalline

Elastomer

Thermoplast ruboer)

Amorphous

(Semi)-crystalline




PlasticsEurope — plastics: global production

Plastics* production is stable in Europe and grows globally

2004 2007 2009 2011 2012 2013 2014

World

Plastics production
in million tonnes Europe

(EU28+ND/CH)

2004 2007 2009 2011 2012 2013 2014

*Includes plastics (th : and polyureth
and other plastics (thermasets, adhesives, coatings and sealants).
Source: PlasticsEurape (PEMRG) | Consultic Does not include the following fibers: PET-, PA-, PP- and polyacryl-fibers.

Weight Titanic:
52,310 ton

5945 Titanics!!!




Structure of polymers

All carbon backbone vs. heteroatom backbone

Plastics
C-C backbone Heteroatoms in backbone
PE PP PS 1 PVC PET PU
i : ~ S "{H BE 4 0 o M
NI IS A o<
29.4 18.9 7.1 10.4 4.9 7.4

fraction of total European demand [%)]



PlasticsEurope — plastics: applications

Plastics meet the needs
of a wide variety of markets

Distribution of European plastics
demand by segment in 2014

Em l""

20.1%

Agriculture Electrical & Automotive  Building & Packaging
electronic construction



PlasticsEurope — Plastics — the Facts 2017

Fe-5'%

1.7

%

(%L1

3.3%

European plastics converter
demand by segments and
polymer types in 2016

Data for EU28+NO/CH.



PlasticsEurope — plastics: recycling

In 2014 plastics recycling and energy recovery reached 69.2%

In 2014, 25.8 million tonnes of post-consumer plastics waste ended up in the waste upstream.
69.2% was recovered through recycling and energy recovery processes while 30.8% still went to landfill.

Recycling
29.7%

Energy
recovery
39.5%

258mt
of post-consumer
plastics waste

Landfill
30.8%

Treatment for post-consumer plastics waste in the EU28 + Norway and Switzerland
Source: Consultic



PlasticsEurope — plastics recycling trends

Since 2006 recycling and energy recovery have increased

million
tonnes
v Landfill

15 v .
s -38%

Energy recovery

a
. o b +u6% @
i —-

5 .‘ Recycling
ee +64% @

year

2006 2007 2008 2009 2010 2011 2012 2013 2014

2006-2014 progress of recycling and energy recovery
Source: Consultic



Linear economy vs. circular economy

Lineaire economie Keteneconomie met recycling Circulaire economie

Grondstoffen

Productie

Get;ruik

Restafval

A
*ri? Van Afval Naar Grondstof
& 4 !

Invulling programma Van Afval Naar Grondstof (Mansveld, 28 januari 2014)




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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Ellen MacArthur Foundation
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The New Plastics Economy: huidige situatie

TODAY, PLASTIC PACKAGING MATERIAL FLOWS ARE LARGELY LINEAR

8% CASCADED
RECYCLING*

4% PROCESS
LOSSES

2% CLOSED-LOOP
RECYCLING'

WORLD ECONOMIC FORUM, ELLEN MACARTHUR FOUNDATION, MCKINSEY & COMPANY,
ANEW PLASTICS ECONOMY: RETHINKING THE FUTURE OF PLASTICS (2016)
WWW.ELLENMACARTHURFOUNDATION.ORG/PUBLICATIONS




The New Plastics Economy: situatie 2050

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

2014 2050

PLASTICS
PRODUCTION

1,124 MT

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

PLASTICS’ SHARE
‘OF GLOBAL OIL S
CONSUMPTION?

20%

PLASTICS' SHARE
OF CARBON BUDGET*
5%

% 15%

WORLD ECONOMIC FORUM, ELLEN MACARTHUR FOUNDATION, MCKINSEY & COMPANY,
A NEW PLASTICS ECONOMY: RETHINKING THE FUTURE OF PLASTICS (2016)
WWW.ELLENMAGARTHURFO UNDATION ORG/PUBLICATIONS

be In high-leakage




The New Plastics Economy: situatie 2050 (2)

THE NEW PLASTICS ECONOMY

CREATE AN EFFECTIVE AFTER-USE
PLASTICS ECONOMY

OTHER
MATERIAL
STREAMS

RENEWABLY SOURCED
VIRGIN FEEDSTOCK

ENERGY RECOVERY'

LEAKAGE OF PLASTICS INTO
NATURAL SYSTEMS & OTHER
NEGATIVE EXTERNALITIES

2 DRASTICALLY REDUCE THE

WORLD ECONOMIC FORUM, ELLEN MACARTHUR FOUNDATION, MCKINSEY & COMPANY,
A NEW PLASTICS ECONOMY: RETHINKING THE FUTURE OF PLASTICS (2016)
WW W.ELLENMACARTHURFOUNDATION.ORG/PUBLICATIONS.

for, el Y recowv
s to be further investi




WWEF Publication 2018

OUT OF THE PLASTIC TRAP

SAVING THE MEDITERRANEAN FROM PLASTIC POLLUTION




European Bioplastics

R . Biobased
Bioplastics: :
: " Bioplasti
Bioplastics OpIasties
- = .g. PLA, PHA,
e.g. biobased PE, :gs Starch blends
PET, PA, PTT :
_ BRI s swsnsise s e uun.% ----- Biodegradable
biodegradable :

Conventional Bioplastics

plastics
e.g. PBAT, PCL

e.g. PE, PP, PET

Fossil-based



European Bioplastics

Biobased plastics
Biobased or partially biobased durable plastics, such as biobased or partially biobased

PE, PET or PVC, possess properties, which are identical to their conventional versions.
These bioplastics are technically equivalent to their fossil counterparts; yet, they help
to reduce a product’s carbon footprint. Moreover, they can be mechanically recycled

in existing recycling streams.



European Bioplastics

PP*
® PE
® PET
® PA

in 1,000 tonnes

® PEF
Others

“Bio-based PP and PEF are currently in development and predicted to be available in
commercial scale in 2020.

Source: European Bioplastics, nova-Institute (2017).

More information: www.bio-based.eu /markets and www.european-bioplastics.org/|




European Bioplastics

Biobased content

Companies with biobased bioplastics can either indicate the ‘biobased carbon content’
or the ‘biobased mass content’ of their products. As these units of measurement
differ, the typical numeric percentage value will differ, too, and must be taken into
account, especially when drawing comparisons.

A well-established methodology to measure the biobased carbon content in materials
or products is the 14C-method (EU standard: CEN/TS 16137, corresponding US-
standard: ASTM 6866). Certification schemes and derived product labels based on the
European and the U.S. standard are available — for example by the Belgian certifier
Vincotte or German certifier DIN CERTCO.

1) @Y VINCOTTE




European Bioplastics

Biodegradable plastics

The property of biodegradation does not depend on the resource basis of a material.
This feature is directly linked to the chemical structure of the polymer and can benefit
particular applications, in particular packaging. Biodegradable plastic types offer new
ways of recovery and recycling (organic recycling). If certified compostable according
to international standards such as the EN 13432 (preferably by an independent third
party), these plastics can be composted in industrial composting plants.



European Bioplastics

1,200
PBAT
in ® PBS
g ® PLA
S
PR ® PHA
<
- @ Starch blends

400

200 - ® Others

2017 2022

Source: European Bioplastics, nova-Institute (2017).
More information: www.bio-based.eu /markets and www.european-bioplastics.org/market



European Bioplastics

Land use estimation for bioplastics 2017 and 2022

...............................................................................................................................................................................................................

Global land area
13 billion ha = 100%

Global agricultural area
4.9 billion ha = 38%

GLOBAL AGRICULTURAL AREA

... Pasture

3.3 billion ha = 67%*

Arable land**

1.4 billion ha = 29%*

Food & Feed Bioplastics

1.24 billion ha = 25%* 2017

Material use 0.82 million ha~0.016%*
106 million ha = 2%* 00

Biofuels r: w o/
53 million ha = 1% 1.03 million ha=0.021%

...............................................................................................................................................................................................................

* In relation to global agricultural area

Source: European Bioplastics (2017), FAO Stats (2014), nova-Institute (2017), and Institute for e kit ot o o i
Bioplastics and Biocomposites (2016). More information: www.european-bioplastics.org



European Bioplastics

Global production capacities of bioplastics 2017
(by material type)

» Other 9.2% 5.0% PBAT
(bio-based/ '

non-biodegradable) 4.9% PBS @
® PET 26.3% 10.3% PLA ®
® PA T 24% PHA &
i S Total: '/ 18.8% Starch blends @
@ PEF 0.0% illi 1.5% Other @
) 2.05 million ;
® PE 9.7% tonnes (biodegradable)
 ppx 0.0% \
(X X X TR 20000
Bio-based/non-biodegradable Biodegradable
57.1% 42.9%

*Bio-based PP and PEF are currently in development and predicted to be available in commercial scale in 2020.

Source: European Bioplastics, nova-Institute (2017).
More information: www.bio-based.eu/markets and www.european-bioplastics.org/market



European Bioplastics

Global production capacities of bioplastics
in 2017 (by market segment)

» Packaging (flexible & rigid)
® Consumer goods

Automotive & transport

® Building & construction

Total: _ - .
2.05 million @ Textiles
tonnes | 58 Agriculture & horticulture

in % . .
® Electrics & electronics

@® Others

Source: European Bioplastics, nova-Institute (2017). More information:
www.bio-based.eu /markets and www.european-bioplastics.org/market



European Bioplastics

Global production capacities of bioplastics in 2017 (by region)
in%

56

Total:
2.05 million tonnes

0 Asia
® South America '

® North America 0"
® Europe
O Australia/Oceania

* Production in Australia/Oceania is a small propartion relativ to the global production capacity.

Source: European Bioplastics, nova-Institute (2017).
More information: www.bio-based.eu/markets and www.european-bioplastics.org/market



Bioplastics: biobased PE

L Braskem }
green Green Polyethylene Cycle )

»

Sugarcane Ethanol Ethylene Green PE Final Products Recycling
CH; — CH,0H CH, = CH, CH, = CH, »
Sugarcane I'm Green ™ Green I'm green™ is
metabolizes CO2 to At the mill, sugar Through the process of Ethylene is Polyethylene is recyclable in the
produce sucrose juice and molasses dehydration, ethanol is polymerized in transformed into final same chain
are fermented and transformed into polyethylene in shared  products by the same established for fossil
then distilled to ethylene polymerization units processes and machinery PE (mechanics /
produce ethanol of fossil PE incineration)
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Bioplastics: biobased PE

Activia com selo I'm green?

; Assim, o verde ndo fica s6 na embalagem.
Green plastic

& pasidrin oabee i Daddb o d Blpkem perintal 9 desnivilaimaiid
A great idea from Braskem 2 prmvisa embalage de kogerte feita G phibes veibe no Bl
U etk gust i Sl pam de bente srnaviel
ﬂ.uduﬁm © fovtndam pern & redochn M”kﬁh
m*mwh.mnum

Pata et Indsrmag s, anenb ranw st ko, oo, b plasticovende

e ) Braskem

- Hmmhwaw



Bioplastics: biobased PET

How is p'ﬂl"’lfb ottle PET Manufactured?

Standard PET
&y 0
n W + n HO—{CH,),—OH
- HO OH B
o) o)
O L e
0] O—(CH,),
n

PET resin

A: not commercial
B: commercial




Bioplastics: biobased PET

O
hD
plantbottle:

up to 30% plant-based
100% recyclable bottle

redesigned plastic,
recyclable as ever.
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Bioplastics: biobased PET

oD

plantbottle

plantbottle” packaging at a glance

The journey of Coca-Cola's greenest bottle yet

www.coca-cola.co.uk/plantbattie

[EOTTE
& g,

11975

f 2 5 o/ % b o,
0 We first infroduce our (o] “,

. lightwaight plastic bottle mercitn puasnc ¥ N

11978 27.5%

PLANT-BARED MATERIAL

: " The first recyclable PET (polyethylene

J'ﬂ{w’ J;yﬁ; NV " terophthalatel plastic Coca-Cola bottle:

i i tERE s launched ]99"

R D R | %)

TO MAKE PLANTEOTILE ¥ Coco-Cola lounches the
PACKAGING, WE TAKE BRAZILIAN ~| first plastic bottie made
NATURAL SUGARS INTQ

BIOETHANOL, WHICH FORMS ONE = |

OF THE KEY INGREDIENTS FOR
MAKING PET BLASTIC

2010

Coca-Cola put over 2.5 billion
PlantBottie packages on the
market around the world

2009

We launch PlantBottie packaging in
Copenhagen - the first aver recyclable
bottie made partially from plants

&

PLANTBOTTLE PACKAGING
LOOKS AND FEELS LIKE
JUST REGULAR PET PLASTIC
AND CAN BE RECYCLED IN
THE SAME WAY

2015+

We aim fo be using plant waste
like fruit peel, bark and stems o
make PlontBottie packaging

?z!o glremgm?a!l PET -I 000/0

bottles will be made from a RECYCLABLE AV
combination of recycled PET and .Ar:l-\se "“\\H‘Nf W

T
plant-based materials ’5‘ Yijl!
LR B T |

OUR RESPONSIBLY SOURCED
BRAZILIAN SUGARCANE IS
ENDORSED BY WWF

Where you come in:

&’b /TN

CLOSE
s
plantboftle: N/
Look for the PlantBottle Recycle your empty bottles Wonderful things can
] logo on our packaging . sothey can ba used again 3 happen when we recycle.
in stores and again A plastic bottle can

become another plasfic
bottle, or o bag, an
umbrelia, a chair...

a®

“Hnmas




Bioplastics: biobased PEF

Polyethylene Furanoate (PEF)



HO \/I\ (cat) (cat.)
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Bioplastics: biobased PET and PEF

COOH 0
(cat.)
COOH
bio-TPA (drop-in) L
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COOH
FDCA

_ bio-PET
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Bioplastics: biobased PEF

YXY Technology

Dehydration Oxidation

— MMF —
(5-methoxy FDCA

methyl furfural)

Polymerization

‘

O
o] O

o, J
RO \ HO \ OH

Plant based
Feedstock

Methyl
Levulinate

>

e e e e S A e See e S EEe e G mEm e e e e s e e



Bioplastics: biobased PEF

Moving to 100% green S

AN A T I M

» PET is the most widely used polyester made of PTA and EG
= Plantbottle launched in 2010 - PET with biobased EG and oil-based PTA

« PEF by Avantium: biobased FDCA + biobased EG = 100% green
100% =

E el
o "1'6
L5

-1



Bioplastics: biobased PTT 30

From corn to polymers and fibers
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Bioplastics: biobased PTT

Smar tStI and LT
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Bioplastics: biobased PA6,10

fossil Resourceg

fi _Biomass R-esoures E
Castor L3 HOOC(CH,);,COOH
J Sebacic acid(SA C:10)
anr oil plat Castor bean ) 2 PAG10 X

i i
J[NH—(GHZ)E—NH—G—(CHZ)B—G}
HD SA n

b [—> H,N(CH,);NH, E:>
Hexamethylenediamine

(HD C:6)

52 S

Property | Application |

\_ Bio-based carbon content : approx. 60% Y,

Heat Stable & low moisture adsorption

Alkaline resistivity L

oth Brush ) .
A



Bioplastics: biobased PAs

VESTAMID® Terre
High Performance Maturally

Tochnical bisbayed polyesiday sehich achisve
performant e by nadiital meang

VESTAMID® Terrg OF L= ravmtd 100% renevwable
VESTAMID® Tevra HE |- Fraiiy 2% ranewable
WESTAMID" Tarre DO - painid) 1005 rene able &
Gatvmeiieg rechend pdpham B preseTm

1 hew prre g e gy cormrd ney’ prgeeeieg prbeeum

e it den fischer greenline Produkten ist fischer weltweit der

._;.....,.,f.,_r.,.f.;::f.'.’:"mm.f..u. | erste Hersteller, der ein Sortiment an biobasierten

AT L R Befestigungssystemen anbietet. Damit richten wir uns an
Kunden, die wahrend dem Bauen, Renovieren und

S —  EVONIK Dekorieren auch beim Thema Befestigen grolzen Wert

auf Nachhaltigkeit legen.




Bioplastics: compostable PBAT




Bioplastics: compostable PBAT

- BASF

The Chemical Company

Ve Ich bin
kompostverbw'

as\.\cs
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breakthroughp‘




Bioplastics: compostable PBAT

¢ B

cepme e ban Wl dagtmiie Wi Puae by

Se
@

BPla rovpsns AT 8 B
Ewrcpean stamdard EM 13432, Ewrcpean standard American sfandard
Australian standard A5 4730 EM 13432 ASTM 8400

| ]
w YY)

E3 0K compest
o

Japanesa standard Home composting Chinese standard
GresnPla GBIT



Bioplastics: compostable PBAT
e




Bioplastics: compostable PBAT

= ecoflex® = ecovio®
s Based on fossil carbon = ecoflex® and PLA Compound
* partially renewable grades = Compostable
= Compostable = 10-75% Renewable Content
= Compound Enabler for = Large range of properties and
renewable materials applications.
2 weeks 4 weeks
Original composting Composting

O - BASF

We create chemistry




Bioplastics: compostable PBAT
I

-Water
-G0, is released f

» -Biomass '
% A0,

A“0X0-DEGRADABLE” BAG -0n exposure to strong light:
’ : ‘ Composting not possible - Not. gradable < Only a small preportion is converted
: ' ' y 0 CO, and biomass
" _Plastic fragments (PE)
-Does not comply with AS 4736

‘ ecoflex®” and ecovio® BAG
| Biodegradation through mfcmo:fgémmsyﬂ mbmpas’i:

» -
| 4

€ ccoflex® @ ecovio® ~ Microorganisms A Polyethylene (PE) A Oxo-fragmentable PE & PE fragments




Bioplastics: biodegradable PHA

PHA

* Bioplastic from the family of polyesters (e.g. PET)

* Good moisture and gas barrier

» Excellent film forming and coating properties
* Good biodegradability

Y

PHB
PHY
PHBY

PHEBHx
PHBO
PHBD

L

«CH,, “CH,CH,CH,
-CHy, ~(CHy),CH,
“CHj, -(CHyJCHy

-CH,
-CH,CH,
'¢H_1- 'CH_-': H1




Bioplastics: biodegradable PHA

L

Kol

ADSILEX Prodection
by Picronrganisms

N Hindegradation

of Incineration Plastic Products



Bioplastics: biodegradable PHA

KANEKA bilopolymer

AONILEX"

Bio-based biodegradable polymer

AONILEX is a novel biopolymer which has excellont
biodegradandlity, flexibiity, hydrolysis stabilzy and

heat revistance ‘- -
AL S s rRaes Py e p—— “’ 6 :m-

st | Swvwatae ‘di "3 o .
s <o
— Civ. %
- MY S5 =
P :‘:" !-_
o —— . v O



About MCCs Sustainable Resource Business

Isosorbide

Glucose

Bio-succinic acid

Bioplastics: biodegradable PBS

Candada
BroAmber

Bio-1.4BDO*

UFSA
Lleniomalicg _/

i
I
i
I
- - |
i
|
i

Isosorbite
-
pelymer
Bt\'tlupmmi (1}
Blomass PRS lor
# PBS automotive
Thailand, interior parts
FIT MCC Biochem Co, Lud With MCC and Faurec
Bio-C4 chain
_ -y 14BDO*
PFTMG
PBT

| A-butanediod

PBS: The Lone Ranger
of thermoplastics

.' Eﬂil i

It's Tosagh, Hporiorms, s it's blodograble foou 1 town
etianet Khea ol chesrior. A irinad Bt adbaie Butlint, basicsial.
ReverdhlWWageningen UR Food & Bichased
Reasszrchy vy hook-ud to sdvanoe on babissed PBS




Bioplastics: biodegradable PBS

3ioPBS. RENEWABLE. BIODEGRADABLE. m f -
THE EASY WAY TO CLEAN UP. 'ﬁ' ' & -
wu PES

Renewable . Ambient Compostable . FCN Approved

BioPBS™, solution for Compostable &

* BioPBY * @
) W Recyclable paper cups!

MADE FROM SUGAR,
SUGAR CANE BioPBS IS RENEWABLE f Wit
AND HI“DEERADABI.E. ( Papiertechnische Stifftung )

according to PTS method

But unlike most biodegradable plastics, RH021/97 4"!57 i
it degrades at room temperature. So there's i
no need for special composting facilities. * il el ikl o ciow

It's an easy sclution to a complex problem.

prt [ A -
@ |siores



Bioplastics: biodegradable PBS

PEAT
100
F o
‘E 60
40
b=
i 20 |
0 2 4 & 8 10 12
Time [Months]

l 200 ricrons sheet sample in s0il at 30°C/50%RH



Bioplastics: compostable PLA

JALL REFERENCES AND STATISTICS FROM/

/B I 0 P LAST I CIF’RO DUCTION OF POLYLACTIC ACID FROM CORN STARCH Hitpi/Aheenerg ““(ﬁ&i;‘,:ﬁ“.:f::’.‘,,‘::gf;:;”y;;‘:;“;;jﬁmzﬁm nsr
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Bioplastics: compostable PLA
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Bioplastics: compostable PLA

Chemical Recycle

(Feedstock Recycle)
\- Raw garbage. etc.

Lactic . Polyactic
Acid ][Lactldeﬁ
Photosynthesis _ Biodegradation Er}erc :Evub%esct?{;fne)rv

Biomass Resources
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Bioplastics: compostable PLA

L'unica al mondo che sparisce
in soli 80 giorni (e 'ambiente ringrazia)*.

Dai vegetali arriva |2 prima bottigha eco-sastenibie al 100%, |2 prima e unica al mondo ned formasa 1,51
Samt'&nna Bio Bottle @ compostabiie: mentre 5i cesena mime b bottigiie di plastics tradirionale,

5| sodegrada comprretamete in S0 gicenl megli apposii sti 0 omposapg. Inolte, a differenza delle
astiche pi oo, & ficclabile chimicamente: una Bio Botthe noova iasdt da una B Boltleusata.
o L T s v i gl Sani Anna B Botele
pesmercen (LTI 176300 gt on o T I
20100 abitant e e e LLE s & st e comypa | gise el mongo

prese J00HRE wedne i ey anng, Per quessio, ohee & sceghens en'soqua minerale matsate dalla fesnstiuta,
ecreriondle leggerenra, con Sang Aona Bio Bottle fal una soelta decsa

in favore defla sostenitilit dell'ambienge_ Mettda e comteniion per |a raocolta differenziata defla
plastica: sani compsto degl enti prepost avvisrls sl implanti dicompestaggm industriale se disponibii
Sant'Aana Bio Bottle, Plastica vegetale Ingea™ al poste del petralio,

Dispanibile prossimamente nei boemati da 0.5 e 1,51

eyt



