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| pevprpan CONFERENCE
14, bioo

Aslics PROGRAMME
conrerence

http://conference.european-bioplastics.org
@EUBioplastics #eubpconf

3 DECEMBER 2019 - DAY 1

9:00 Welcome statement
Francois de Bie, Chairman | European Bioplastics

9:10 POLICY UPDATE Chairperson: Kristy-Barbara Lange | European Bioplastics
European policy on plastics and bioplastics in a circular economy
Werner Bosmans, DG Environment | European Commission

Challenges posed by Single-use Plastics Directive and the upcoming revision of the Essential Requirements for Packaging in the food and drink sector
Philippe Diercxsens, Chair of the Environmental Sustainability Committee | DANONE Waters — representing FoodDrinkEurope

Bio-based polymers as crucial part of the renewable carbon strategy
Michael Carus, Managing Director | nova-Institute

10:20 COFFEE BREAK

11:00 BIOPLASTICS IN PACKAGING — FOOD CONTACT Chairperson: Katharina Schiegel | BASF

Packaging made of alternative materials. What is it, what is possible?
Marcin Spiewok, CEO | SILBO

BioPBS™ A sustainable biopolymer: Path to home compostable solution
Katedao Chavalitdamrong, Marketing Manager | PTT MCC

Safety of food contact bioplastics: The crucial goal
Enrico Nieddu, Science Center Business Unit Manager | Mérieux NutriSciences

European regulations on plastics and bioplastic materials intended to come into contact with food
Maria Monedero, Project Manager | ITENE

12:30 LUNCH BREAK

13:30 BRAND OWNER PERSPECTIVES Chairperson: Stefano Facco | Novamont

Bio-based plastics for iconic brand furniture
Diego Torresan, Project Manager & Research Advisor | BIO-ON

Insights about bioplastics from a brand: the example of VAUDE
Clément Affholder, Innovation Manager | VAUDE

How do we make bioplastics sexy?
Damir Perkic, Founder | BE O

The strength of the partnership: The new high barrier flexible compostable packaging
Jiabril Gigli, Chief Technology Officer | SAES Coated Films

15:00 COFFEE BREAK

15:45 MATERIAL NEWS Chairperson: Karen Laird | Plastics News Europe

Delivering performance with bio-based sustainable polymers — An inside view on navigating the value chain including case studies
Peter von den Kerkhoff, Account Executive | DuPont Tate & Lyle

Newest masterbatches application and material innovations for PBS and PLA applications
Daniel Ganz, Global Product Development Leader | SUKANO

Novel resins for improving physical characteristics of biodegradable fishing gear
Long Nguyen, R&D Director | AnPhat Holding

Development of a biodegradable trimmer line
Bas Krins, Director R&D | Senbis Polymer Innovations BV

Biodegradable cosmetic ingredients as a sustainable replacement of microplastics
Stefano Facco, Director Business Development | Novamont

17:30 bioplastics MAGAZINE presents the 14th annual Global Bioplastics Award awarded by Michael Thielen, Founder & CEO | polymedia Publishing
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14, Sieplastics PROGRAMME

conference

http://conference.european-bioplastics.org
@EUBIoplastics #eubpconf

4 DECEMBER 2019 - DAY 2

9:00 Market data 2019 — 2024
Hasso von Pogrell, Managing Director | European Bioplastics

Captured carbon vs. bio-based — Can products made from captured/recycled CO, be called bio-based?
Ramani Narayan, Professor Chemical Engineering & Materials Science | Michigan State University

9:30 PANEL DISCUSSION Chairperson: Hasso von Pogrell | European Bioplastics
HOW CAN BIO-BASED FEEDSTOCK CONTRIBUTE TO A CIRCULAR ECONOMY
Panellists:
Michael Carus, Managing Director | nova-Institute Stephan Kabasci, Head of Department Bio-Based Plastics | Fraunhofer UMSICHT
Ramani Narayan, Professor Chemical Engineering & Materials Science | MSU Stephen Wetmore, Business Development Director | RSB

10:00 COFFEE BREAK

10:45 FEEDSTOCK AND SUSTAINABILITY Chairperson: Stephen Wetmore | RSB
Sustainable polyurethanes at Covestro — Using bio-based feedstock to achieve new material properties
Irene Latorre, Senior Project Manager | Covestro
Saskia Beuck, Senior Project Manager | Covestro

PlasticsToBio — A concept to affordably turn all plastics bio-based
Tomy Nyman, Principal | Péyry

Environmental performance of renewable naphtha from crude tall oil in polymer production
Milla-Mari Vastavuo, Sustainability Specialist | UPM Biofuels

Sourcing sustainable feedstock for Ingeo biopolymers/bio-based polymers
Erwin Vink, Sustainability Manager | NatureWorks

Low carbon footprint of PLA confirmed by peer reviewed Life Cycle Analysis
Francois de Bie, Senior Marketing Director | Total Corbion PLA

12:30 LUNCH BREAK

13:30 END-OF-LIFE Chairperson: Marcel van Berkel | Stichting Biobased Delta

Bioplastics recycling — Status, opportunities and limitations
Stephan Kabasci, Head of Department Bio-Based Plastics | Fraunhofer UMSICHT

Biodegradable plastic blends create new possibilities for end-of-life management of plastics, but they are not a panacea for plastic pollution
Tanja Narancic, Assistant Professor in Microbiology and Biochemistry | University College Dublin

Developing a portable detector for on-site identification of biodegradable plastics
Jee Kwan Ng, Co-Founder, IDIR SOLUTIONS

Biological treatment of biopolymers — The correspondence bety 1 aerobic respiration intensity and anaerobic methane-potential
Zsuzsanna Uveges, Research Assistant | National Agricultural Research and Innovation Centre

Challenges in determination of marine degradability
Carmen Arndt, Project Coordinator | Institute for Bioplastics and Biocomposites (IfBB)

15:30 END OF CONFERENCE
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European Bioplastics {55 & (EUBP) FEJf FrancoisdeBie([&l 3){EBHwEEE Y B E 5 —HFHYSE
B BNV S AR A= Y R TR AR A RIE R T DUE T A RIS 5 A Cary 55— (&
RN —HERT © » hFoREZRHTEAIRIGEIGZ] - KRB ES e G AR S 1y
TEERELTS > BRI MR 7 —(EBRA S s - IVEBCEZR B GRIEA T —HEONG S
fihek - VBRI EE BB = — AT SR SRR A -

3 European Bioplastics 17 #r{f £ FrancoisdeBie

72 Total Corbion PLA Y= $H48EL - &5 BLmh@fTE EN £ 2B I FT A R R B 5
g0 12 H 3 HAEYBRHTEM rBUNAE Y8 kHe (EUBP) BEE T HHVHESES -
FrancoisdeBie = (£ 155 LA K B B8 BP HYHEI L% Mariagiovanna Vetere (NatureWorks )
1 LarsBorger (Neste) - fFSHZR. ey F B ERMGER LB TR LAV FF 88 508 -

BONA )28 B #5555 Hasso von Pogrell fE&4 E - 3835 TEONEY BRI E 580
(& 4) » &ERBUR T RERAYER S &S i i E miVF KRBT & - DU
EHTIERNETSS JIBH % B A UUERVR MR DIRERVRHTADRL » THET AR LA R ER AR 5

$7TH




R 15% LI E -

ERRAEYIEERIA A ERETIRE 2019 S£AYLT 210 FEMERS HIE] 2024 FHY 240 FEWE - E3HH
AW S PPCRPIMG ) H1 PHA (CRFSESELCRERS ) HEShiE SERBIZS - PHA ZEEHVR S
Vsehh o B AEYETR B A YRR - SR AR ER Z VERIEE MR - ERG
PSR FEMEE AT > WA IER - THT R LR ERE RHE = N B AR - SoRERTE
Ak PP (NG ) - HE A SHIINE S - HIE a8 - SIS AR RS ek -
FETHRERIZHER - miERE PP FH SR (LA E R A E R (0 - 1 PP HYAE
FERE ITHETE] 2024 FEREREIT /NG » S04 —JREYEA nl AR DI iry S8R > EIFE AR PE (0K
2N ) FIAEY)ES PET (BRI 2 "5 ) DIRAEYIE: PA CREBEIL ) - HATGUIL =EREY)
THEZERT 4496 (HT 100 BN FERE » BEEAERACKRE N ERONRS DR ZERESTET T - THEFAED)
B PE VA FEREEN R - R > Hp YIRS PET AEEERE 5T @A B EIRT A IY FEIHARTE -
B EAEB AT ERART M EEE PEF CRAMGUAmERRS ) AVBAsE - HEF w2
DUEVIEA T A E - 1B ESRAYH R TEAI R » (R R EORR A B R - THET
1 2023 FEAYIEL PEF RHHE AT - BAMRGH I RIET] -

Global production capacities of bioplastics 2019
(by material type)

Other 1.1% 13.4% PBAT
(bio-based/
non-biodegradable)

\ 4.3% PBS )
® PE 11.8% 13.9% PLA D
@ PET 9.8% -

1.2% PHA @
od Total:
@ PA 11.6% 211 million 21.3% Starch blends @
® PP 0.9% tonnes 1.4% Other »
PEF¥ 0.0% {biodegradable)
@ PTT 9.2%
eeoen O oe0oe0
Bio-based/non-biodegradable Biodegradable
44.5% 55.5%
% wrent il ynent P b Mbw G,

Source: European Bioplastics, nove-Institute (2019)
M farmation, www.european-bioplastics.org/market ond wwiw.bio-based.eu /markets
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Global production capacities of bioplastics 2024

(by material type)

@ Other 0.9%

(bio-based/

non-biodegradable)
® PE 12.0%
® PET 6.0%

Total:

PA 12.5% :
- - 2.42 million
@ PP 5.3% ) tonnes
® PEF 0.2% 3
®FTT 8.0%
Ll X L B
Bio-based/non-biodegradable
45.0%

11.6% PBAT

3.8% P8BS <
13.1%6 PLA ®
6.6% PHA 2
18.5% Starch blends @

1.3% Other
(biodegradable)

Biodegradable
55.0%

Mare infarmation. www.european-bioplastics.org/market ond wwiw.bio-based.eu /markets
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FEEMRM AR VR AR A REFH SR > 2019 &y BRI 5 AT 53% (114
B ) > ALV CAAERT 2 HA SR - e seE e A B 2k b > HrpoRERE
BRSNS S TS M I E A EE - & T iesEiEsae 71 so e A A E L
HATA - 45% Y ERHEZ A E - BRI A ERE NS Ty 2 —  THETE] 2024 48
iE—EEBliHE R 2] 30% (& 5) -

Global production capacities of bioplastics in 2019 (by region)

“4
18 '
Total:
2.11 million tonnes
Asia
® Europe '
North America
® South America
Source: European Bioplastics, nova-institute (2019)
More information: www.european-bioplastics.org/market and wsww.bio-bosed.eu /markets
Global production capacities of bioplastics in 2024 (by region)

Total:
2.42 million tonnes

Asia

® Europe

North America
® South America

Source: European Bioplastics, nova-Institute (2019)
More information: www.european-bioplastics.org/market and www.bio-bosed.eu /markets
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PIEERHY A5 5T Ry 70 BAH > (E15EER 48 EATHRSE MY 0.029%6 > fE NI ALF
HERHE R - BV LR A (0 B & ORISFAE 0.02%0 72 - MRIBEUEFRRERY > foin
FOEAPE} oy AT F AR R A P Ry () 2 F A S A 1 > BOMAEYI2B R L% Francois
de Bie S{EE] 94% FYHHHIIKIRAIIN TS - BRI &L - A B N FIEAVHERRE -

Land use estimation for bioplastics 2019 and 2024

GLOBAL AGRICULTURAL AREA

cermmmsnnanncs PASTUIE
3.3 billion ha
N
Food & Feed
1.24 billion ha = 265"
_Material use***
£ 106 million ha = 296*
/. Biofuels \, Arable land**
" " 53 million ha = 19* 1.4 billion ha
Bioplastics
2019: 0.79 million ha = 0.016 %"
2024: 1.00 million ha = 0.027 %"
Py
Source: European Bioplastics {2019), FAO Stats (2017), nova-Institute (2019), and Institute for ) "“"":':::f;“_ m S
Bioplastics and Biocomposites (2019). Maore information: wiww.european-bioplastics.org #7 (e for uplemicn 0 jaut ofthe 2% materie une
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BIO-ON

SEEHHH Bio-on IHZTRAR FEZE 745 4( 5 Diego Torresan fifj#z » Bio-on /> 2007 4F
RIS EARSORFRE G BRI - 32 A FIHY T ZAEANE RN & ~ MR 10096 AT F 4=
BN EEREEYIRE - EEAERRS > #£5 —EEEIIE PHA HIRHEE - 5
Bio-on —E E(JJ% PHA FEmIIGASE - sREEITTIGHERS - WiAEEcE ~ IRSE - fbflin ~ JEE -~ 4
YIElE ~ e - AET - ICRRDSESE - T BRI g1/ - Minerv-PHA JZ Bio-on
[ PHA HYLIEZ — » Minerv-PHA 2—TlE MERE AR VI &) F S R SIS B © Minerv-
PHA ZFr AR B BH B i i - (BN BB AR - vl T IR s T ARl - e B
EPEAEIERR o Minerv-PHA (i FAETE BEVIT A BAR B /EY AR RV EE —RAER - 5
KA - HEE - sREAMSShAVH M - BE - FWIRERT - KR - B3 - AM#T&E A
FEMNRIE SRV T AR e - ARV BIRE B8 IR B0 MR PR N B R AR 17 S8 A 2 PHA
JER T~ T FHEAFIELEATA] Kartell B & Rl%6 A Anna Castelli Ferrieri 7+ 1967 £ 5 XAl
Y Componibili #471f > f#)EAE 1960 F-(XH ABS IS - HATERM Bio-on Y PHB 14
Y » Kartell 22 E]48Ek Claudio Luti FoR » FPIRHEE E SURRIFT e HEE G HEAR - MR
JIEEE  “Kartell EHEBR” (TF5H—E0457 > Bio-on EWRFFRN RS E IE A AR EYId &k
CL > Bl Claudio Luti AY4HEES -
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Exclusive characteristics of
the Bio-on technologies.

The best worldwide PLATFORM
certifications PRODUCT
NO FOOD
UsDA AS RAW
] MATERIAL
[ 4
3 [VincoTTE |
GMO FREE

100%

Material ConneXion®  COSMOS

NATURAL BIO-BASED,
BIODEGRADABLE,
<al BIOCOMPATIBLE
Sz
<L
£ bWy

10 years of technology NoLST
development.

2019

SCALE UP AND
Bio-on starts its journey as many CERTIRIEATIONS
other innovative companies from
a'garage’ transformed into a

research lab...

E
:
H
=

L

*THE START-UP IN
A RABBIT FIRM

FIRST PRODUCT
MYKAI

LISTED IN THE STOCK
EXCHANGE MARKET

..to reach in only 10 years the
production on industrial scale
and the development and fine
tuning of finalized products also
in innovative sectors.

bioon THE FHSTHH‘

PLANT IS BORN
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The applications already
developed with PHA biopolymers.

AUTOMOTIVE ELECTRONICS COSMETICs BIORECOVERY
a .
l;l LEEE
VISIBLE AND STRUCTURAL PLASTICS [ INVISIBLE AND SPECIAL PLASTICS

TOYS PACKAGING FASHION FERTILISERS ORGANIC ELECTRONICS TOBACCO

COM PC?NIBILI BIO: Kal’te“ b i o-On

Packaging & store

|

7 Bio-On PHA 27 JiE F

F 14 H



NOVAMONT

Novamont SpA HYr £ 15 58 % 4885 UK. Novamont fEE] 1A EHYEFRAEH > fEg L/
SRR SE FM EAl sl AT AR PR R, - (BRI * Celus-Bi Feel ZEfmE INCI
Zea Mays Starch ~ B2 235 K HOBASEC /7 » Celus-Bi 52 Novamont Eil ROELMI HPC & {EfY4E
o BV LAY R HL - A% OECD AERINEFTHIEL (OECD MG 301 U574 B) - #E4E
VREfER IR Celus-Bi Feel £ F 10 RAYRFRANES| A EYIIERE - - #E B2 SN AV
fige AL - FIERC T AL RERCR - BREOUE - SOBMIEZRIIRGE o S o AR E)
SRR TR AR © WEAERSOY - B2 AIBAEESE R DI K oA bl s R e F v o 7 AR SR AR
o AT R AR T A KA 13

& NEW BIOPRODUCTS FOR COSMETICS: CELUS-BI (14

THE NOVAMONT SOLUTION TO THE MICROPLASTICS ISSUE

@ CELUS-BI is the result of the collaboration between Novamont and ROELMI HPC, a leading Italian company with long-standing
experience in the production of active and functional ingredients for personal care to provide unique and sustainable solutions for the

cosmetics sector.

6‘ CELUS-BI line has been developed to be biodegradable in water in accordance with the OECD guidelines, avoiding the
contamination of the sewage sludge and the microplastics dispersion in water and soil.

W) CELUS-BIINCLUDES:

CELUS-BI ESTERS
for the formulation of personal care products

CELUS-BI MICROPOWDERS
sensory biodegradable micropowders

W CELUS-BI SPHERA
for Rinse-off products

‘0‘ CELUS-BI FEEL
for Leave-on products

& CELUS-BI FEEL (16

MULTIFUNCTIONAL BIODEGRADABLE TEXTURISING MICROPOWDERS FOR “LEAVE ON” PRODUCTS

“" CELUS-BI FEEL is a texturising agent that guarantees excellent
use properties such as softness, velvet touch and film-forming
capacities. The ingredient also has excellent sebum control and high

compatibility with active substances, vegetable oils and fragrances.

() Given its biodegradation properties combined with the technical /
sensorial properties, CELUS-BI FEEL is suitable for use in

applications where dispersion in water is highly likely (solar),

eliminating potential pollution and/or accumulation.

FI5H



& CELUS-BI FEEL ©

BIODEGRADATION PROPERTIES IN WATER

10 days

B — . @ Tested according to OECD guidelines (OECD test 301
70 e e method B)

@ In the initial phases of biodegradation, the Celus-Bi Feel
reaches A Biodegradation in less than 10 days
These are the conditions required for a product to be

considered as readily biodegradable.

Biodegradation (%)

A biodegradation

@® Furthermore, CELUS-BI FEEL shows a bicdegradation of

77% in 28 days (as a positive control).

0 7 14 21 26
Time (days)

—=-Sodium Acetate -+~ CELUS Bi FEEL 20

8 Novamont “f #7) %4 5} i€ FJ
BioPBS

PTTMCC /& BioPBS fI &Ik KHYAEY) A PBS T A5 HEH - WAEAYAK
g KN LN (LDPE) a8 pk - (H2 LDPE B2 A 0] DAY E &Y -
A& % H LDPE HY4UAF 8 SE R ERSE op o AR Ay &6 o3 m] DA I #E BE 2> % - i LDPE Il
ANRE > B E LDPE MR S E BRI P ig gl 05 2% 5 1f H LDPE Z& 4ffi &K PRt 28 B [B] U
e BE - [ K P A 4 4 Y i B T S 0L A R B 4K o PTTMCC A &) Al A BioPBS 2 Ji&g it 4K
Mo HAESMNE M ThRE e M LA L M ZE JE JE A UL > {2 BioPBS Z& & 4K AR A] LUAE
FAEE A S HE - HERETIZAEEMFZE - BioPBS EAHF 5 —(H B
% > & E BioPBS WK A A R F AV & 1 H 7 IR K - HAE K F0% /I
BioPBS {5 A HKFA i 4l 5k T 70 e i 2K - A & S ERARAE o ARAE W] DLIE U B AR E R
4

=
b
I

(i
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BioPBS™

The Patented Technology from Mitsubishi Chemical Corporation

Renewable

Fermentation
Resource

Bio-Succinic Acid
(BSA)

d- ————————
e 1
N I
Nf———————— 4
<

1,4-Butanediol
(BDO)

Future Plan

Paper Coating

Home Compostable Development with BioPBS™

Completed

Polybutylene
Succinate

Next Step

Quantitative Evaluation of Disintegration
during Composting at Ambient Temperature (28°C)

Thickness Grammage - z o Requirement
(um) (g/m?) Disintegration (%) (%)
e 245 (wall) 97.0 >90
Wall: 347

F1TH

s

e

In Progress

+ Biodegradation
+ Ecotoxicity

+ Chemical
Characteristics




Closed-Loop Waste Management System Biochem

Case Studies

PGS Coffee Shop -
g - Chai Thung Coffee
Y o BioPBS g
: products
o W
2. . o
P\ “
= Recycle /
1 4 Repulpable
;‘!\“ "\Il/ Renewable
W i I <7 | Resources
INDUSTRIAL ’
Composting o
¥ f’ﬁﬂ B > O
S
"H,0, C0,, Biomass Fa Leakage Energy
":3— < = “"? @ Recovery

PBSA
Compostable Open landfill

Educational Institution — Chula Zero Waste

A &

\l i PoT] Cup Waste Separation Composting site inside

(73) PLA AL B8 & e B H 2 5P £
AV BERFEETHSGEBEPHEMGEEE SFEN PLAKRKKEEHEN  #FXF
M Z & S5 FZAE ST o PLA HHRBH Z A an HHI S M BB | IR B Ay 38 1 b
H i Total Corbion PLA [y 5 4k & #4548 &5 Francois De Bie (FE(EEX M A EHE A H
T &) > $1 ¥ Total Corbion Z= [ H i A FE BV B AL B (PLA) AY 4 an 8 FH &2 2 17 5F
i éd RETAMAERBI U ERBEEENE AR (PLA) BYEREIRZE NS
B B 5 8 HAr BRET A0 /K g B A - B A A 88 {5 £ > Total Corbion /Y =] 8 i
o R R AR DL R PLA B 0 flg AR — 25 [ (K PLA BYBR BF - = S Ay 50 15 i /2
(1) BEHEIGERERRRKESHEESE S (2) BBEELHAIK/ NOx Fl SOx HE
B3 (3) 78 8 B = e 5 AE A S0 2 1 I e B A e L BR T o R MR A B v BR R
(4) fEABE - WAFEM PLA B E TR0 nf AR ER - (5) EABEEF
BB EYEINER - SFE - BB A TR PLA 427 CO 2 bR € B FH A
it 501 kg CO 2 & & /WA JE /) 5[ - 909 kg CO . & & /W (& 9 ~ 10) » I # — B /D PLA

A 7E SRR Y 2 ERER AL VE 35 -

2
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GWP for different steps in the

1000, farming to PLA production process

500 f=
<
z
= 0=
8
o
= -500
o)
Q
2
: 1000 j=
2
o

-2000 1 1 b 1 L b J
CO, uptake Sugarcane Sugarmill Lactic acid Lactide PLA production Total
production production production
From cradle-to-gate the Global Warming Potential (GWP)
of PLA is 501 gram CO,/kg of PLA
6 ‘ ;

Dezember 11, 2019 TorAaL Corbion

9 PLA A [E] A 7 P& B HY GWP > e H fE AR & B 2 PLA JHHL 4 A& HH I HY CO 2 TR U

4

Output — overview of entire area investigated —
red areas indicate possible land use change

© GRAS GmbH

CONCLUSION:
Less than 0.12% Land use change

in the area assessed:

- Forest to cropland < 0.05%

- Grass/Shrubland to crop land < 0.05%
- Tree plantation to cropland < 0.02%

* Red = possible
land use change

Dezember 11, 2019 8 @ ToTAL ’ ‘ Corbion
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Water consumption — results of Luminy®BﬁA

* Most water is used during the growing of
the sugarcane

» Our plantations are in regions with low/
medium water stress level.

* Reduced level of irrigation in these region

Baseline water stress

Ty

70

§ Water usage
< s st
& TR P
g sl
& 40 —_— Raich athan
2 0.1
a
E 30
5
o 20
3
3
2 10
0 L 1 1 1 1 1 ..-
S S ill ic ac id PLA i Total
::‘ogd‘.:::l’:. g ::::xg p,m':u:n wroduction e Adapted from: WRI aqueduct water risk atlas
Dezember 11, 2019 9 a TorAaL ‘ ‘ Corbion

Responsible sourcing is a key priority

Cane Sugar Code /
« Applies to ALL our cane sugar suppliers \i= i gj(c)rg I
» Extension of Corbion supplier code, Th oot ugarsanepltfrm

including extra criteria around social
rights, land rights, good agricultural
practices and biodiversity.

» Corbion audits the farmers/sugar mills.

Bonsucro certified sugar

Cane Sugar Code Corbion * Multi-stakeholder organization fostering
the sustainability of the sugarcane

Cortian's purpose 15t ITprove the quality of Uk, for pecple todsy and for garneratians to

SR T S et ol e * Metric-based, 3™ party certification

basis for our biobosed solutions. A eustainebls agricuttursl supply chein is seasotial for the
comenunities in which we operats, as well a5 for our business. Our spprosch ta rasponsble N
sourcing is foumded on prciples of sthcal business peactices, Fuman and Lebor rights and

Focus on social, environmental and
economic principles.

Sshin b g B s el * “Bonsucro PLA” available on request

tomeet

10 @ TorAaL ’ ‘ Corbion
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Investigating possible land use change It-l_

On request of Corbion, GRAS GmbH conducted satellite imaging & analyses:

» Focus on the sugarcane areas - radius of 50km around the sugar mill.

» Imaging from 2008 till 2017 were evaluated.

» Combined with mapping of high carbon stock and biodiversity protected areas.

Output to identify “land use change” ( Small sample of typical output is below ):

Time series of
High-resolution
Satellite images

Time series of
Enhanced
Vegetation Index

Shrubland Cropland

2002 2004 2006 2008 2010 2012 2014 2016 2017

Enhanced Vegetation Index | |8
> s -
E
&
i
i
[
o
SROS o el S
L)

Dezember 11, 2019 7 Q TorAaL ’ 6 Corbion

Improvements in Improvements in
800 farming and sugar production sugar to PLA production
600 = 501
z | e [
ng_ 200 f=
-*é_ . -67
g o
O -200 |
2
= 400 [
=
O -600 |-
-800 |-
_1000 1 L 1 1 1 1 1 ]
Current PLA Higher Mechanical Higher PLA with Renewable Gypsum-free PLA with
sugarcane harvesting electricity improved electricity Lactic acid improved
yield surplus at mill sugar for PLA process sugar
(110 ton/ha) (100 kwh/ton cane) manufacture and PLA
GWP of '
- 909 gram CO,/kg of PLA is possible for Luminy® PLA
Dezember 11, 2019 12 Q ToTAaL ‘ 6 Corbion

10 Total Corbion #E — 2 Ji& /0 PLA HY 4= BR BE (L & &4
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NatureWorks

5 R & R PLA A E N F] » Ingeo j& NatureWorks 75 HY — 251 % AL #&

(PLAEMEEYNELEE SEURSEVER YRR K EEETH R

T H R — 40 i KR B i FURHE (R By Ingeo #)'H > NatureWorks Z JJ it
ERE 2R BEAARM T HM A FFENEYERERETEN  AmESEM
MR ~ ROK B ~ B E B0 e o oy fay 4 O A0 RE B - 202 JE R Ay R E i TR R
bt % [ 5% 1E A B Ah B 8 A8 ) 0 ] A B8 AR PR R = SRS B PR AR Ty L IR AY R R il
A & A EHI A CO2 B CHa ®HAE Sy 7L BE (I8 11) > NatureWorks #E 1T g A8 5F fifi 711 i
Or AT H o FUR By AT R @ M -

NatureWorks £ Bl — SbJE B JFF 4H &% » RIS R R H & 1F - IS AN
B35 Ingeo WY& FIJEREHY AT R @ MR B ME o BRBR AT R St B AR SR G (1SCC) PLUS
EBONRY S = 7 sl S B AR EE o] AR JRURI Y AT B AR A 0 B TE E OH BE o
soas > ISCCPLUS JZ I f B 1SCC Systems GmbH 5¢ 2= 5 A1 22 il A9 % 12 55 = J5 3%
s sl o 1SCC gt 5 B 5 — f JE 15 W] 57 4 1 RO = SR S B A R EE Y B 5 R A
U ISCC B AMHERB AW > BRI FEARESEATHERERF

( FNR) ¥t ¥F > NatureWorks {F 2012 £ H 15 ISCC L (& 12) -
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NatureWorks is committed to feedstock diversification
and Sustainable Feedstock Sourcing.

by producing Ingeo biopolymers from the right, abundant, local resources.

Sugars from cellulosic materials CO, to lactic acid technology

Sug?‘rs ft"°l:" ctc;m, Sogarcane; like corn stover, wood, bagasse, CH, to lactic acid technology
WacdE RECIS OF cacsava. switch grass and straw. “Direct GHG Conversion”

® NatureWorks

naturally advanced materials

The Global Market for Ingeo biopolymers

“ Food Service ware Films

Coatings
Adhesives
Intermediates

OINEaYe rl<s

naturally advanced materials 02015 Neturewons

F 23 H



11 NaturewWorksPLA F5 fiif

’ & PCUDEUTSCHLAND @
I S C C ISCC PLUS Certificate

International Sustainability

& Carbon Certification Certificate Number: ISCC-PLUS-Cert-DE105-82892104
+ InFeb 2012, ISCC Systems GmbH e
launched the ISCC PLUS Certification Py
scheme.

The cactfied sits of e system user 8 & ftype of cparations-
Bioplastics Pant

+ ISCC PLUS is a scheme certifying the
sustainable production of agricultural
feedstocks, including the chain of custody.

*  www.iscc-system.org/en/ sein cs szt

® NatureWo rks

naturally advanced materials 02015 Ntuewons

12 ISCC 2¥z&
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(t) ERBEBE
SHEEGH L BNZEGHIBE SR Werner Bosmans {# £ > Werner
Bosmans j2 EL FIJF A » 838 2 LEFI B ARFE K82 - WE(S T 4B TAZ M L B2 - 0%
SRR R SOR R LM EE A AR EHEM MHERMEBEBHEHK
By B - 2005 A0 M A TEXMEZE B GAERIEE - AT EHAERBCR
06 B8 4O > & i 8 BPE B RN BN B TR R T & - BENKES - il
J3 0> Bk [E] U M B E — 2ROME R SR - B S B B O T T R A T B AT
BB — MR RES . RS EFNEBEZEGNEE T BRIIARE
BUEHE PRV S R F - FREMAh - T 5 B 657k 2R R F FOR Y 4 4
AR - B 2% ] e BE VB ORE A W) 0 R 4R DA R T B R MR Y RHAE B AR ER BT b B T DL R A
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A EUROPEAN STRATEGY FOR PLASTICS IN THE CIRCULAR ECONOMY

Improve
the economics
and quality
of plastics
recycling

Drive
investments
and innovation

towards circular
solutions

Curb plastic
waste and

Directive on the reduction of the impact of

certain plastic products on the environment
Entry into force: 5 June 2021

(" items with available
sustainable alternatives

AR @)

~

\.
(e

aﬁf@

ems with no clear alternatives

S/
\

%20 H

littering

4 ™\
market bans
\_ J
4 —\
prevention measures
\. J
4 N\
better waste management
\_ J




SUP Directive: main lines

Promotion of reusable alternatives

v Impact Assessment: in the longer term reusable products are cheaper

Biobased and biodegradable single use plastic products NOT excluded
Single use paper cups with a plastic lining = consumption reduction

Oxo-plastics restricted as of July 2021

Evaluation in 2027: “[...] biodegradability in the marine environment [...] within a
timescale short enough [...] not to be harmful to marine life [or] lead to an
accumulation of plastics”

Biodegradable plastics: some issues

e Home-composting < industrial composting < biodegradation
=> Lack of clear criteria and correct information to consumers
=> Real-life conditions?

e Which standard for the marine environment (temp, oxygen)?

e Waste hierarchy and circular economy:
Reuse > recycle > biodegradation
Keeping the value of (plastic) material in the circular economy

e Correct disposal is challenging
e NO license to litter

s Limit cross-contamination of waste streams

$ 27T H



Commission

Regulatory framework for biodegradable plastics

Plastics strateqy states:

¢ New opportunities as well as risks
e Innovation efforts welcomed
e Compostable plastic bags to collect organic waste separately: positive

e Particularly challenging in the marine environment

» To identify applications with clear environmental benefits

» To provide consumers with clear and correct information

13 BRER 1A R &8 sk

B2 BON & R R B Al FF 4 48 R = B g £ % Philippe Diercxsens > $ ¥ BL
N b R T — O R A O B EE Y A BRI W] S R R Y R FE Y
B BR 7 S (R B SRS 0 2019 6 H 12 H » A0 TR - B E B IR ERE
SRR R BRI DL Ry N R B o BRH £ A B B — M R SR (EU) 2019/904
F S TH B R R /D 8 R I M A IR ER A T 0 R g B EITE 2021 A 7
H 3 HEEMGEEREE - REEHNERL  ERELWEREBERE RNEREL
Po PImBEE (X JJF - NF - Br) B+ RE - OEEE  KEg
M BOREA 88 DR HE I BR 38R 2 0% B R AT R - A0 ER T SR A B9 R B B Y
g oo {2024 £ 7 A 3 HEA4R 0 EORAEBRE TS Dbl AXEFHYEK -
ZIE S ERTIE HE AN > 2030 FEBMAREA 30% Ot & H
i

[ 5 o B 8 S =5 R R BB R (o A B R A o R AT (] U B AR A 2 R
B TE 7 A 5 AR ERR B HEEN R MR OV B S A S DU R #E ] EE R A
AT (5] W Y YRR R YRR E Y B E R AR EE 0 DAE B SR D — M R (SUPs) HY
HE > BEESMFAAR I e NSRS (AIOthEmsEam) o BEAERE
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(oK Bl B 8 - R > F1] 2026 4 B 2022 FEAHEEJEC/D SUP (A ([E] 14) -

The Single Use Plastics Directive = Fight against marine litter !!

SUP implementation timeline

¢ Entryinto force June 2019

¢ ECtoissue standardisation request to CEN on tethered caps & lids

*  Work kick off on guidelines on food containers & clean up litter cost criteria
¢ Methodology for calculating separate collection target for bottles

¢ Methodology for consumption reduction

* Guidance on ‘food containers’ definition with examples (Q2 2020)

* Guidance on ‘criteria on the cost to clean up litter’ (Q2 2020) = COST !!
Transposition deadline for Member States

Restrictions on placing on the market take effect (e.g. for straws)
Consumption reduction measures in place

Marking requirements for cups for beverages

* Implementing Acts on calculation method for recycled content (DL 1-1-2022)
¢ MS start reporting to EC on consumption reduction measures

* Requirement for tethered caps & lids in force

¢ 25% recycled content for PET bottles

¢ 77% separate collection target for beverage bottles

* Reduction of food containers & cups consumption compared to 27

2027 * Review of SUP Directive

* 90% separate collection target for heverage bottles = COST !!!
* 30% recycled content target for all beverage bottles

2021

F 29 H



Q1-Q2 2020
Commission
consultation
period and
impact

assessment

Essential Requirements legal review

Anticipated timeline for legisla

tive procedure

Legislative proposal Co-decision procedure Entry into force and national
2020-2021 2021-2022 transpasition
2022-2024

Q32020 Early 2021

Commission
drafts
proposal

of the
legislative

proposal amendme

Furopean Parliament

“Plastic Tax”

Q2-Q3 2021

Publication EER

Council Trilogues

Q4 2021- Q1
2022 eRZH Q2 2024
Entry into
force of the
legislation

Q3-Q4 2021

Deadline for
franspositon

Adoption of
compromise

1B text

= European Council

= Council of the European Union

25

National contribution to the EU budget base

b p

-TAX In numbers

= €0.80/kilo of non-recycled plastic
packaging

= 2 x current resin prices

= £€7.7 to 9.7 billion/annum for
packaging producers (vs €3.5 billion

\for EPR fees) /

d on the amount of non-recycled plastic packaging

o8 won )
# Member States (MS) position

= Divergent views from MS on the Multi-annual
Financial Framework (MFF). Nothing agreed
yet on the “plastic tax”.

= Finnish Presidency is optimistic that the “ plastic
tax” will be voted.

= Sofar: 12 MS support / 5 against / 7 neutral

= Decision among Member States needs to
kbe unanimous. /

Timeline
19 Dec. 2019 ) _2021'2023 2023 at the earliest
Possible agreement Ratification by each Member Member States to pay a
on the MFF at the State on the own-resources if the contribution based on non-recycled
ENVI Council plastics tax is agreed plastics for 2023 at the earliest and

pay retroactively for 2021 & 2022

14 F fi R EIORHT 58 — M 2R BUR
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UANEIEEY) |50 27

BIONATTARIAT 309 HY BRI R - H ATEKERETEIEE] 2030 SR BRI B/ )
FEAREE 1096 - FESEE] > ST ERSHIRAEERY 53% 5K (MSW) st - SRR &S
MSW Y 139 > ERA AI[EAR LRI [RICER T ZMRAK @5 AT DU A Bty - (B2 B
BV ER TS RAVE BRG] 7 ESEA - BT s il LY agEetig st > ng
VIl AR S V) R PR S AR OR B B AR 7 SRS BIHE RS - BTH sE A B AN R
ZIAHFERF AERERI S > AT ARV IR S NS - fEiS e M o > Ay ml e
MEPR Ot T A npa BT - BIAMERCRIER SRR - BUE A/ VO AR MR RE L
IR > ARV A (R EAT 1 NJEA 2RI S AV BRSREIN 2R - BN e P s A4
VIl FR A AERIAHEE - AERREEIVERIEIR(T T ARy ] APl i e it T s AR B AIERIR
2 o

B2 > P A YRR E B = 1M - SRS REIE SR - INIL > EFTRIrERE
AUEEEILHA m] Y[R L > AEARERRE Tanja Narancic 256z - ALY
B ] e SR TR > &OHIE TR ALER (PLA) » L TIRHS(PHB) - R
(PHO) » T & T —_&ls(PBS) » FAMERA(TPS) - Wl (PCL) KHEIEEVIETEZER]
FIFEFZEREREE T AR P - PLA B SR B2 HY nl AP SR E B A 2 5 m] HEAE
FYEESD > {HE PLA Bl PCLIR &R il B n] o FHHERE - R REEI RS BB G N = R A
BB AL RIER > (e - (E2 AR R EL e P S TRAVAF R 3 - 6 i - @B R
BV R EYIE TENUK P RIA N B iy AP - BTt PR R S EEREY R
REPPIARZEER] 150 FI ASTM AWEREREAe - [ SR A (TR A -
it o ATV R G Y R A TN B R E WGt R - DUEER
[EERb th B S PR AR PR o R R BRI P RE G R VRS A

%31 H



Plastics

335 MT (2016) Light weight and strong Insulating materials
>600 MT (2035) J GHG J GHG

e L
1.5 million jobs & & 1 million tonnes Same as taking
€340 Bn turnover of plastics 1 million cars off the road

wo
BEACON,
Most Prevention
MECECNCEE @ Y e
S R G
o ____Reuse
Least Recycling
Preferable
Energy Recovery
Disposal

Biobased and biodegradable plastics???

F 32 H



1500

Young's modulus (MPa)
=

APLA-PBS(80/20) ™~

Mechanical properties of
biobased and biodegradable
plastics (purple circles) and
fossil-based biodegradable
polycaprolactone (green

A PHE-PBS(50/50) T square) and their blends (blue

APHE-PHO(85/15) A PLA-PHO(85/15) tria ng les ) .

A
e 1 PLA-PCL(80/20)
PHB-PCL(60/40)
A PBs-TPS(60/40) PCL

PCL-TPS(70/30) A |
| @ 7ps i H @l
0 20 a0 60 80 100 120 77 220 'aa0 1680
Elongation (%)
Brittle Flexible
1200 4
-§ 1000 4 —
S . 800 4
s
© <600 4
s =
@ £ 400
g
s 200 -
0 4
F PP T EE LSS S
¥ E @ & & QI
L &P S L > & L
\?’\YRQ 5 & & & (,\4\
T L &R

Polymers/composites

Anaerobic digestion under high solid thermophilic conditions (ISO 15985). BMP is shown in
blue and CO2 production in pink. The standard deviation among biological triplicates was <5%.

Synergism: PHB-PCL (60/40), PCL-TPS (70/30), PBS-PHB (50/50).
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b
WBiodegradation of individual polymers and plastic
% blends in unmanaged environments

Marine pelagic ASTM D6691, 30°C
Fresh water aerobic ISO 14851, 21°C
Aquatic anaerobic digestion ISO 11734, 35°C
Soil ISO 17556, 25°C (2 years)

Biodegradation is expressed as a percentage of
biodegradation of cellulose {green dotted line),
The cut-off point for a material to be considered
biodegradable under tested conditions |s
presented with a red dashed line,

B rascimry & marngmiy
e T NI
bt L e
3

15w 2E ) [ i 2 3% 3 i P



(F1) 2018 A YERI8%

BIOASELF [fy H1Z /2 EAEH S IR 4 715 PLA 44 - B8 S BT H S 5a R &4
Ko 2B R A E HEONTTZC E 4 H2020 &1 - H b FEREE TIEHY Centexbel (ELF]
P ZL4E41RE ) © Fraunhofer ICT (FEERE 2S8R ) FInEER L3E REREG BEITITZE AT - 3864 15
([EEFIEEERE - B 9 He PR EE R SRR EMSET - T Fradrv el R
/N4 (Innovation Support Group, ISG) » B —fEEYIERT B e & E Gk (SRPC) 5 H
IR SEAR A AL (PLA) @ —fE{ESARE (Tm) PR @ S—1EE SR A=EE (Tm)
TOBCRSTRARAE o K T FHRAY PLA GR4E - E S ZERTAVRIE » HIRF PLA B bio-LCP (liquid
crystalline polymer ) &&& {58 F DU AR IR ARAE - BRI PLA BYMNEN PR B A 14 -
BIOASELF KA1 FAE X FLBE BB ROy B TR - i LAt ( BBRFHE) - B8 7EH
iEEE (BEERHE) 8Pl (HEE) RIIEAREDEEE -

Bio4self HYRIFTHMT T 781 PLA SRPC AR ZEAHRBARY A EHREK © BoBY 1B HIHY PLA ZEkn ~
RIS PLA S oRaB Ak AR I - BHSERUEIR P LU FE AR B =ity SRPC PRI K T3¢
A EERTRRAE o

BESE > HAFIERER = PLA BYMNENASI B =BG M - 7285 - BIOASELF KA PLA B4Rl
MR - MR B b (BBERRME) - EREEE (BEERE) N8P
follEaE (ERUE) WINATERY B FRIIEE(L - H 0/90 GRP)HLR Y E M58 PLA 18 & ATRHHYI]
J& Fy 4 GPa Bl PP IS AHE > {H/Z PLA SRPC HYEEAZ [ v FAEMR HE A SFam & - Hril
ORGSR o] TR AR B RS H R AR - HEV S8 B E YA B sad Rl ey B e
BT o ARSI SR i AR AN R RS s R AR T - T ST R AR
HOHTY AR IR RS - KB SK B A ARSI R YR E SRV A E » Do e Hisk
P RERT FTHF A MR R OK (B 15) « AEYYB RIS AR Michael Thielen 2R @ “iE3RHT - A
[ FHREY A= 5RO PLA B[R 20 4H & ] DUR SR R AR R T 2%
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(—) ARNgERLEG LB R T SMEBEL  MERER  sf@EETRITEE
AV BRLR AR TGRS ~ AR E R - Br Y AR B 3 (PP K PEF) K4
VBR EEREEBEEHESASEZERE WL g P IR &
(B IS AR VEERIRE B 2 B R i 5 R 0 B RE S S P R R AR B W 55 5T T 1 RO
BEtE ST AR E -

(Z) ¥R EERTENEVBREEHSEE » SRER T 2KEY BT
EHFENRBENEE > UHETRKRAFANSIKREMEREE KL 15% W
Bk EAVBRAY £ ERE RE 2019 FHY4Y 210 EWEHY 1 F] 2024
FHY 240 BN TEBAEYESY N PPOEN MG )R PHAC E FEL S e R IS )
HEE - WRES AMEPETEER IR P LA ZER AL FENTHIHEE
ERELTEBELFETERAMTIE 22 PEF(EZGHEEE ) (Y52
FoHEF e LAY EM LT EE A B R AV HFE MR EH &
{5 L Bl B BIORHR Y B AE A R > THET I 2023 A YA PEF AT > AF
RENHIEE R VBT o BRI AKPT & F e PLA - PHA K FDCA(PEF JFRH) S &
Yy EE R B 2 o SR AR R B B PR B o W B AP HE B R 2K 2 T ] -

(=) #1052k & B AT #0 F e 2 1 R0 B BUSR » IR R B E R OB B Y 3R OR M &
ARy BE 5 0 H AT PLA % 2 7 BE 22 8 FIIR & - Total Corbion PLA fF Z& 5]
AEAWE AR Luming PLA> TR ZME e EENHEKER > H
R 2 TRAOMFEAARZERGEGEMARER  BRAEsSHEES - KD
NOx F1 SOx FEJ ~ MG hnss il AR R ~ B F R LZ2YENER -
PLA “E & CO 2 fif¢ & B R /D #1]- 909 kg CO o & & /Mg » I # — 25 5V PLA Y&
EREEALTES -

(M9) BBk e (EUBP) RETAYERHTEN Vg £ > REX
VWEEGRAEM (BONGOH®E) 2EBEON “F 2050 FEHHEFE
WMHmERESBENAERBEFHERERZT” WG ET WX HEDE
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BHTERWEERE —BETRETEMEZENEN > EMABRRDH
b & R B AR R /D R = RORS BV R 0 iE g AR W L R Y A A B A0 £ ]
Wo e — 20 3 0 T 8 R EE WY ER S R B - M0 W AR W I A A T HE A A SR A
AL 7 FENF R BB E R W B A e R AT B U A A
ZEHRT o B IER D ERIRE B AR B SR - DR e
wlEEE R W B Ry R R YRR E Y R ET R AR LB BRI — X
MERE (SUPs) HYME » MAIESENEREEZERESENEE -

(7)) 5F 2 m] A9 0 e vy SR B 6h = R 8 1 SR MBI M SR 1 A2 R
| A ) e g B R T [ e g YEORLMEATOR AN R SR B RS HE B T R A
P ZE > DU AE K (5 BR 5% of B B O PR A AR W e it > B R R I B R AR b T AR
GEHRZWEGE > N EBANEERIER  ZF EABER R -

(7N) PHA A BIRE AF B N AR 8 OR S R e 24 F 0 BB B #E 25 - 37 % PHA
A 7E TR AR A BUAR -~ e B R AR F R E R IERE R Y 0 RS BGER R 2 R BL
& 15 1B PHA B [ 55 — K i Bio-On Hff 5% B [t 3% 3% 755 B 4% 48 ¥ Diego Torresan
A AR S E DL B A B A PHA ALY AE 4-6eu/Kg(135-202 &) - {H
ErEAR M S EFFTE > KAEES - 550 —5 Terraverdae &
&) William C. Bardosh #h{T& > thi2 M EFE - 2 F|H ethanol (L PHA
ZA R - £ 3 PHA EmBc b & PHB Bl mcl-PHB JERIFC T » BATRAE S
eu/Kg > B R HATEK - PHA A ERKAETE 5 eu/Kg BT -

() At EERRHERNHEBRAEEER 2 REUEAEFZMEt BEREE
JRA IR - %5 AR AR 22 B A0 BON A=Y 5B R el AR DIRR T &k - it ml il 2 L
JFORMAEENT] ~ T IS A e R A8 T B ER AR M) MR P e < FHRATA ZT %4 - 1e b
FRMRI BB AR Bofls - HER T AN ERRENSE T E -
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1. PHA A E R AE B AN AR B i R > SRE R R IEHERE L > A2 EL PHA [
PR AR RSO - BB AN HUS B & = 0 R E 4 & E B BB IR A
B g > W -

2. BanE# % B PHB L ATE 4-6eu/Kg IER S 2= ERHEE - £
PHA 4 & W[ B 57 Z AR & > AT AE TR R o AR I H Al PHAs > DU S E AL
B HE R B Y S

3. 2023 AW PEF RHHE AT > Gt S B T (R JREL B PR A ) A PR 38 fee 7 1R AE
> R RN EVT S FR R R (RS e BRDARLPS S K - LU FDCA wfZEZERER
fs% -

4. BRI ESHEHZ PLA JER R BERITIREREE S » BREREFREARER
ST o DU 5l B B A A E A T AR 2 &R o RE [F] 20 B IR SS9 3% R R R
REIN A > DR AH BE SR HESE -

5. 2020 AR B A BB AR EBON A E B EH > BEMAARFES
B ok o G I PR RE RS SN U B AT B R A R AR o B B PR BRSO

AN ERRSE I E -
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Bioplastics market update 2019

Bio-based & durable bioplastics 2019 vs. 2024

1,200 = ® PE
1,000 @® PET
S 800 ® PA
o]
(=]
£ 400 ® PEF
@® PTT
200
Others
0

2019 2024

“PEF is currently in development and predicted to be available
in commercial scale in 2023.

Source: European Bioplastics, nova-Institute (2019)
More information: www.european-bioplastics.org/market and www.bio-based.eu/markets
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Bio-based plastics (by market segment) 2019

Rigid packaging
Textiles

Flexible packaging
Automotive & transport
Consurer goods
Building & construction
Coatings & adhesives
Electrics & electronics
Others

N N N N NN

Source: European Bioplastics, nova-Institute (2019, More information:
www.european-bioplastics.org/market and www.bio-based, eu/markets

Biodegradable bioplastics 2019 vs. 2024

1,500
1,334
. 1,174 PBAT
@ PBS

€ 900
= ® PLA
S
S 600 ® PHA
£ @ Starch blends

® Others

2019 2024

Source: European Bioplastics, nova-Institute (2019)
More information: www.european-bioplastics.org/market and www.bio-based.eu/markets
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Biodegradable plastics (by market segment) 2019

21,

® Flexible packaging

Rigid packaging
@ Agriculture & horticulture
@ Coatings & adhesives
® Consumer goods
@ Textiles
® Building & construction
© Automotive & transport
® Others

Source: European Bioplastics, mova-Institute (2019). More information:
www.european-bioplastics.org/market and www,bio-based.cu/markets

Bioplastics — closing the loop

BUILDING BLOCKS s A 5
and biopolymers containing biogenic ’
carbon taken from the atmosphere.

BIO-BASED PLASTICS
are a large family of materials that
are derived from renewable materiais,
.., SOME can be compostable

% MECHANICAL

3 : RECYCLING
RENEWABLE : i is the best end-of-life
RESOURCES : option f‘br the majority
increase resource o i of bioplastics, e.g.
efficiency and re- + bio-based PET or
duce CO, emissions. s bio-based PE
PRODUCTS

made from bioplastics can be
found in all applications in which
fossil-based plastics are used.

ORCANICRECYCLING gL ™ B " ..-"
makes use of untapped biowaste QNI * ENERGY RECOVERY
potential and strengthens the is an additional end-of-life option for bioplastic
secondary raw material market. muaterials where an alternative waste management
source: European Bioplastics infrastructure does not exist.
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Global production capacities of bioplastics

2,410 2,426

in 1,000 tonnes
i
i

1,000
- mo
il i
2024

® Bio-based/non-biodegracable @ Biodegradable @ = Forecast @ Total capacity

Source: European Bioplastics, nova-Institute (2019}
More information: www.european-bioplastics.org/market ond www.bio-based.eu/markets
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Global production capacities of bioplastics

3,000

2,339 2,410 2,426

2,500

2,000

1.sm

in 1,000 tonnes

1,000 -

2008 2019 2020 2021 2022 2023 2024

® Bio-based/non-biodegracable @ Biodegradable @ = Forecast @ Total capacity

‘Source: European Bioplastics, nova-Institute (2019)
More information: www.european-bioplastics.org/market and www.bio-based.eu/markets
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Global production capacities of bioplastics

in 1,000 tonnes

Gt N

:

| |

: i

; i
N
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500

2019 2024

® Bio-based/non-biodegradable @ Biodegradable @ Forecast
@ Total capacity

Source: European Bioplastics, nova-Institute (2019)
More information: www.european-bioplastics.org/market ond www.bio-based.eu/markets
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Global production capacities of bioplastics 2019 (by market segment)
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Bio-based/non-biodegradable @ PET Bicdegradable PBAT
® Pt ® PBS
® PA ® PLA
® ® PHA
® PIT @ Starch blends
® others @ others

Source: European Bioplastics, nova-Institute {2019). Move information: www.european-bioplastics.org/market ana www.bio-based.eu fmarkets
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Global production capacities of bioplastics
in 2019 (by market segment)

21

® Packaging (flexible & rigid)
® Textiles

® Consumer goods

® Agriculture & horticulture
® Automotive & transport
® Coating & adhesives

@ Building & construction

@ Electrics & electronics

© Others

Total:

2.11 million
tonnes

n'%

Sowrce: Ewropean Bioplastics, nova-Institute (2019). More information:
www.european-bioplastics.org/market and www.bio-based.eu/markets
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Global production capacities of bioplastics 2019
(by market segment, without packaging)
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Bio-based/non-biodegradable @ PET Biodegradable PBAT
® Pt ® PBS
® PA ® PLA
@ PP ® PHA
® FTT @® Starch blends
® others ® others

Sowrce: Furopean Bioplastics, nova-Institute (2019). Move information: www.european-bioplastics.org/market and www.bio-based.eu fmarkets
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Global production capacities of bioplastics 2019
(by material type)

@ Other 1.1% 13.4% PBAT

(bio-based/

non-biodegradable) 4.3% PBS a
®PE 11.8% 13.9% PLA %
® PET 9.8% ’ 1.2% PHA ®

Total:

@ PA 11.6% 211 million ©21.3% Starch blends @
® PP 0.9% tonnes 14% Other
® PEF* 0.0% (biodegradable)
®FPTT 9.2%
L X X BN B LA L X X J
Bio-based /non-bicdegradable Biodegradable
44 .5% 55.5%
“PEF 15 v i develepvnent ard predicted to be aolabee in commercin siale in 2025,

Source: European Bioplastics, nove-Institute (2019)
Moave information, www.european-bioplastics.org/market ond www.bio-based.eu /markets

Global production capacities
of bioplastics in 2019 (by region)

© Asia
® Europe
© North America

in % @ South America
Total:

2.11 million
tonnes

Source: European Bioplastics, nova-Institute (2019, More information:
www.european-bioplastics.org/market and www.bio-based.eu/markets
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Global production capacities of bioplastics in 2019 (by region)

Total:
2.11 million tonnes

® Asia

@® Europe

© North America
® South America

Source: European Bioplastics, nova-Institute (2019)
More information: www.european-bioplastics.org/market and www.bio-bosed.cu fmarkets
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Global production capacities of bioplastics 2024 (by market segment)

in 1,000 tonnes

Bio-based/non-biodegradable @ PET Biodegradable @ PpBAT
® PE ® P8BS
® PA ® PLA
@ PP ® PHA
® PEF ® Starch blends
@ PIT @® others
® others

Source: European Bioplastics, nova-Institute {2019). Move information: www.european-bioplastics.org/market ana www.bio-based.eu fmarkets
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Global production capacities of bioplastics
in 2024 (by market segment)

® Packaging (flexible & rigid)
@ Textiles
® Consumer goods
® Agriculture & horticulture
2.43 million _ ® Automotive & transport
tonnes ® Coating & adhesives
e @ Building & construction
@ Electrics & electronics
© Others

Total:

Sowrce: Ewropean Bioplastics, nova-Institute (2019). More information:
www.european-bioplastics.org/market and www.bio-based.eu/markets
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Global production capacities of bioplastics 2024
(by market segment, without packaging)

in 1,000 tonnes

Bio-based/non-biodegradable @ PET Biodegradable & pgAT
® PE ® PBS
® PA ® PLA
® PP ® PHA
® PEF ® Starch blends
® FPIT @® others
® others

Souwrce: Furopean Bioplastics, nova-Institute (2019), Move information: www.europeon-bioplastics.org/market and www.bio-based.eu /markets
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Global production capacities of bioplastics 2024
(by material type)

@ Other 0.9% 11.6% PBAT

(bio-based

non-biodegradable) 3.8% P8BS &
® PE 12.0% 13.1%¢ PLA ®
® PET 6.0% 66% PHA 2

Total:

® PA 125% . 2.42 million 18.5% Starch blends @
@ rP 5.3% tonnes 13% Other
© PEF 0.2% {biodegradable)
®FrTT 8.0%
L L X B LI L XX ]
Bio-based/non-bicdegradable Biodegradable
45.0% 55.0%

Source: European Bioplastics, nove-Institute (2019)
Mare information, www.european-bioplastics.org/market ond www.bio-based.eu /markets

Global production capacities
of bioplastics in 2024 (by region)

@ Asia
@ Europe
© North America

in % ® South America
Total:

2.42 million
tonnes

Source: European Bioplastics, nova-Institute (2019, More information:
www,european-bioplastics.org/market and www.bio-based.eu/markets

%55 H



Global production capacities of bioplastics in 2024 (by region)

in%

Total:
2.42 million tonnes

® Asia

® Europe

© North America
® South America

Source: European Bioplastics, nova-Institute (2019)
More information: www.european-bioplastics.org/market and www.bio-bosed.eu /markets

Land use estimation for bioplastics 2019 and 2024

GLOBAL AGRICULTURAL AREA

Pasture
3.3 billion ha

1.24 billion ha = 26%*
_Material use***
/106 million ha = 29"

‘' Biofuels Arable land**

1.4 billion ha
Bioplastics
2019: 0.79 million ha = 0.016 %"
2024: 1.00 million ha = 0.027 %"
Source: European Bioplastics {2019), FAO Stats (2017), nova-Institute (2019), and Institute for . '.""::::z:: m b
Bioplastics and Biocomposites (2019). Mare information: wiww.european-bioplastics.org 7 G e for bsplomin 1 vt of the 2% materel ure
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