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Curriculum:

Jéréme Vachon holds a Chemical Engineering degree from CPE Lyon (France) and obtained a
PhD in Organic Chemistry from the University of Geneva (Switzerland) in 2006. He conducted
a 2 years-post-doctoral research position in the University of Groningen (The Netherlands) in
the group of Prof. Ben L. Feringa (Nobel Laureate in 2016) working on molecular machines.
In 2008, he joined Prof. Jean-Pierre Dutasta’s group in ENS Lyon as Researcher/Teacher. In
2010, he joined SABIC where he is currently working as Staff Scientist in the Materials
Science group within the Technology department located in Geleen (The Netherlands). His
main research activities include developing new polyolefins materials for application in food
packaging, healthcare and automotive where sustainability of the solution is a key
parameter. He is the co-author of 24 publications and filed 13 patents.

Abstract:

SABIC is committed to the packaging industry by continuously innovating new materials and
developing technology expertise to support our customers with industry's changing
requirements and help them achieve their sustainability goals. As one of the leading material
supplier in the packaging industry, our dedicated global packaging team works closely with
our customers to help them with differentiated applications. In that respect, several
sustainability initiatives were conducted within SABIC with (i) reducing materials’ weight

(ii) using renewable (non-fossil based) feedstocks and (iii) chemical recycling of plastic waste
which will be shown in this presentation. For instance, by turning mixed waste plastic into an
oil, we can make new plastics for packaging without using fossil fuels and thus contribute
for a better circular economy. Finally, two examples will be shown where synergy can be
obtained from the combine use of biobased materials (starch and lignin) with fossil-based
polyolefins.
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. INTERNATIONAL SUBSIDIARIES & SALES OFFICES

DISTRIBUTION, STORAGE FACILITIES AND LOGISTICAL HUBS
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. GLOBAL HEADQUARTERS
. TECHNOLOGY AND CORPORATE RESEARCH AND INNOVATION CENTERS

. PRODUCT APPLICATION CENTERS
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MOVING OUT FROM A LINEAR ECONOMY IN GLOBAL PASTIC PACKAGING s

8% CASCADED 4% PROCESS
RECYCLING? LOSSES

14% COLLECTED
FOR RECYCLING

2% CLOSED-LOOP
RECYCLING'

14% INCINERATION AND/
OR ENERGY RECOVERY

78 MILLION
TONNES 40% LANDFILLED

(ANNUAL PRODUCTION)

1 Closed-loop recycling: Recycling of plastics intc the same
ar similar-guality applications

2 Cascaded recycling: Recycling of piastics into other, lower-
value applications

Squrce:; Project Mainstream analysis — for details please rafer
to Appendix A
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SOURCE: ELLEN MAC-ARTHUR FOUNDATION — THE NEW PLASTIC ECONOMY - RETHINKING THE FUTURE OF PLASTICS — JANUARY 2016
AMI - BIAX FILM CONFERENCE, VIENNA, AUSTRIA, JUNE 2018
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OUR SOLUTION: SABIC CERTIFIED RENEWABLE PE AND PP
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RENEWABLE FEEDSTOCK

We partially replace fossil
feedstocks by renewable
feedstocks.

Produced from waste oils
(e.g. tall oil from wood
pulp): 2nd Gen. Feedstock

Renewable feedstock is
not in competition with the
food chain. Lower carbon
footprint.

By using our existing
infrastructure there are no
changes in the value chain,
not even in recycling.

We can produce (the first)
renewable PE and PP. Fully
recyclable
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BY USING INDEPENDENT MASS BALANCE

CERTIFICATION TO GUARANTEE THE

PROCESSING OF RENEWABLE FEEDSTOCKS

AND ALLOCATION TO SPECIFIC PRODUCTS
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VALUE CREATION WITH PARTNERS dbic
EACH KG OF RENEWABLE PE/PP \
REMOVES UP TO 2 KG OF CO, ) o
FROM THE ATMOSPHERE WITH
FOSSIL DEPLETION REDUCTION
POTENTIAL BY UP TO 80% "wﬂ
N o @ “Heel

38%FETT
halkbq;

> SABIC INVITES YOU TO ROLL-OUT THIS CONCEPT

SOURCE : BY COURTESY OF SIG, ALPAGREEN PACKAGING & MARVILEX
IMPACT ASSESSMENT METHOD: RECIPE MIDPOINT (H) V1.13 / EUROPE H PER KG OF PLASTIC
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SABIC CERTIFIED CIRCULAR POLYMER




A NEW FEEDSTOCK

12



Classification: General Business Use

THE CONCEPT “"FROM LINEAR TO CIRCULAR"
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*A European Strategy for plastics in Circular Economy 2018
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BENEFITS OF FEEDSTOCK UPCYCLING sabia

ENABLING TO HELP MEET YOUR CORPORATE SUSTAINABILITY TARGETS
SABIC’S CERTIFIED CIRCULAR POLYMERS

Q(D PURE AND SAFE
NO COMPROMISE ON PRODUCT PACKAGING QUALITY
BIG WINDOW OF PACKAGING APPLICATIONS, INCLUDING F&B CONSUMER PACKAGING

Q DROP-IN SOLUTION

D PROCESS NEW PACKAGING ON EXISTING EQUIPMENT WITHOUT MODIFICATIONS
DOWN GAUGING OPPORTUNITIES

TRULY RECYCLABLE
NO LIMITATIONS IN NUMBER OF RECYCLING STEPS
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SABIC PIONEERS IN CIRCULAR POLYMERS THROUGH CHEMICAL RECYCLING

SABICIS THE FIRST IN THE INDUSTRY

THAT IS COMMITTED TO SCALE UP

CHEMICAL UPCYCLING OF MIXED PLASTIC WASTE
TO THE ORIGINAL POLYMER.

M
PRESS RELEASE Sl S R
sdbic :‘_@3 :ﬁ;@ N
DAVOS, SWITZERLAND, January 24, 2019 ZIW G CJ - I
Oz’
SABIC AND CUSTOMERS LAUNCH CERTIFIED UV\LQWW
CIRCULAR POLYMERS FROM MIXED PLASTIC WASTE
*  SABIC and customers Unilever, Virventions and Walla Group will mtroduce ISCC cortified Tu ®
arcular polymarns in duning a market foundation stage.
. MC's?;ﬁdﬁ::WSMI::dem::Hmﬁwnw pperware
plastic waste feedstock developed by PLASTIC ENERGY and offor a drop-in altemative for

customaers looking at meating the needs of various challenging applications.

* The initiative to upcycle mixed plastic waste back to the original polymer supports SABIC's
and its feedstock supphor and customers commitment to providing innovative solutions for VI NVENTIONS
a circular econormy.

https://www.pressreleasefinder.com/SABIC/SABICPR374/en/ 15




COMBINING LIGNIN WITH POLYOLEFINS

WHAT ABOUT BIOBASED POLYMERS?
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SUSTAINABILITY OPTIONS FOR COMMODITY PLASTICS
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Bio-degradable

Polymers
Today

Non-degradable

00%

Synthetic !

.

0%

Hybrid
Natural Content

Bio-based

Only increasing bio-content of
current plastics is not enough:
functionality counts!

Starch

Sugar

Sugar, Starch:
* Crops intented for human and animal consumption:
Compete with arable land

* Food price and environmental degradation impacts! £
Ex. Rye, rice, corn,
wheat, barley,
potatoes

Ex. Sugar cane,
sugar beet

>Research efforts concentrated on ligno-cellulosic bio-

mass from sources that do not compete with food crops

L 192mT* ) | 85MT**

o A
Ligno-cellulose

Ex. Forestry waste,
straw, energy crops

Multi MT potential
. tobeused

*:2017 figures in https://www.statista.com/topics/1224/sugar/
**2015 figures in http://www.starch.dk/isi/stat/rawmaterial.asp
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WHY PE-STARCH?

Combining the advantages of polar and apolar polymers

Idea: Create a co-continuous blend of polyethylene and thermoplastic

starch

* Advantage:

+ Disadvantage: - Degradation of starch above 160 °C

- Add polarity to PE for printability

- High barrier properties w.r.t. O, and CO,

- Add green content ~ 50% starch
- Add interface for easy processing

Be aware: PE-starch is not biodegradable!!

SABIC® LDPE

LOW DENSITY POLYETHYLENE

-~

18



Classification: General Business Use

“ubiy
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Barrier towards O, increasing

A co-continuous blend of TPS and
PE in core layer was successfully
made using blown film processing

technology.

disperse cocontinuous disperse

. Poly(ethylene)
. Starch Barrier towards water
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PE-TPS PROPERTIES: ENHANCED OXYGEN BARRIER
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OTR (23'C, 0 %RH: ml/m2.day)

10000

1000

100

10

Oxygen barrier: 3 layer PE/PE-TPS/PE vs. competition

e 3 layer PE/PE-TPS/PE

= 5 layer
PE/Tie/EVOH/Tie/PE
e 5 layer PE/Tie/PA/Tie/PE
® PE
]
0 10 20 30

Thickness inner core layer (micron) @ constant overall
d=50 micron

~

Material properties such as permeability,
surface haptics and printability tuned via
addition of bio-polymer

Applications like blown film, film casting,
extrusion coating, foaming at temperatures
below 160 °Cyields energy savings
Especially suited for multilayer film extrusion
Improvement of the CO, balance/ LCA
Higher performance polyolefin based

compounds with improved mechanical and
barrier properties
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BIOMASS CONVERSION: LIGNIN WASTE GENERATION

LEAC0 =

2000 aste Ligno-Clulosic Bio-Refjneries

_sall:.la

(PLANT CELL WALL

/&*w} '

Lignocellulose material:
Cellulose microfibrials embedded within a matrix of
(hemicellulose and lignin covalently bonded with carbohydrates)

) One of the most abundant organic polymers on
Cellulose Earth (after cellulose):

Dry matter from woody plants consists
primarily of cellulose, hemi-cellulose and 20
to 35 wt% of lignin
Main commercial source of lignin is from the
pulp and paper industry
Lignin = phenylpropenoid oligomers (1-20
kDa)
Provides to the plant

(i) mechanical support

(i) water barrier

(iii) pathogen or fungi protection
Main commercial source of lignin is from the
pulp and paper industry

Sustainability issue
“Waste” lignin is used as energy

generation, sequestered as ‘biochar’,
disposed as waste

W. O. S. Doherty et al., /ndus. Crops Prod. 2011, 33, 259
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COMPOSITE PREPARATION PE/LIGNIN
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2000 oste Ligno-Clulosic Bio-Refjneries

Feed

Plastic
pellets

a  Cryogenic grinding gy Mini Extruder ey [njection Molding g

Heaters  Thermocouples

AN

hopper——sr—=

Turning screw  Barrel Molten

U Motor plastic

Shaping ——o
die [—
Tubing & pipes
A
— A

Sheet & films

Extrudate % @

Structural party

SABIC INTERNAL USE ONLY 22
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ANTIOXIDANT PROPERTIES OF PE-LIGNIN BLENDS BY OIT
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2000 aste Ligno-Clulosic Bio-Refjneries

Sample code

0,3 s

87 17400%
129 25800%
>180 >36000%
>180 >36000%
31 6200%

Analysis performed by Dolinda van der Pluijm (SABIC BoZ)

PE blends with lignin having pH < 7 |
» POSsesses antioxidant properties
g 10000% — 1 OPP +Lignin
= OPE + Lignin
2  8000%
@
: (p
'ﬁ 4000%
®
£ 2000%
: [] D H H
0% - L
10% Lignin 20% Lignin 30% Lignin 40% Lignin
SUZANO PAPELE E CELLULOSE S.A. (CA3033412A1)

Heat Flow (W/g)

+5wt% lig.

+ 10 wt%

L N
O3 TTm T LI

— 5
87 35min 120.24min —+ 20 Wt /O
T T T
0 20 40 60 8(
Time (min) Universal V4.5A 1

v

PE-Lignin blends possesses great anti-

oxidant properties and precludes the
need of synthetic ones
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DISCLAIMER sadbia

DISCLAIMER: THE MATERIALS, PRODUCTS AND SERVICES OF SABIC ORITS SUBSIDIARIES OR AFFILIATES (“SELLER”) ARE SOLD SUBJECT TO SELLER’S
STANDARD CONDITIONS OF SALE, WHICH ARE AVAILABLE UPON REQUEST. INFORMATION AND RECOMMENDATIONS CONTAINED IN THIS
DOCUMENT ARE GIVEN IN GOOD FAITH. HOWEVER, SELLER MAKES NO EXPRESS OR IMPLIED REPRESENTATION, WARRANTY OR GUARANTEE (i) THAT
ANY RESULTS DESCRIBED IN THIS DOCUMENT WILL BE OBTAINED UNDER END-USE CONDITIONS, OR (ii) AS TO THE EFFECTIVENESS OR SAFETY OF
ANY DESIGN OR APPLICATION INCORPORATING SELLER’S MATERIALS, PRODUCTS, SERVICES OR RECOMMENDATIONS. UNLESS OTHERWISE
PROVIDED IN SELLER’S STANDARD CONDITIONS OF SALE, SELLER SHALL NOT BE RESPONSIBLE FOR ANY LOSS RESULTING FROM ANY USE OF ITS
MATERIALS, PRODUCTS, SERVICES OR RECOMMENDATIONS DESCRIBED IN THIS DOCUMENT. Each useris responsible for making its own
determination as to the suitability of Seller’s materials, products, services or recommendations for the user’s particular use through appropriate end-
use and other testing and analysis. Nothingin any document or oral statement shall be deemed to alter or waive any provision of Seller’s Standard
Conditions of Sale or this Disclaimer, unless it is specifically agreed to in a writing signed by Seller. Statements by Seller concerning a possible use of
any material, product, service or design do not, are not intended to, and should not be construed to grant any license under any patent or other
intellectual property right of Seller or as a recommendation for the use of any material, product, service or design in a manner that infringes any patent
or other intellectual property right.

SABIC and brands marked with ™ are trademarks of SABIC or its subsidiaries or affiliates, unless otherwise noted.
© 2018 SABIC. All Rights Reserved.

Any brands, products or services of other companies referenced in this document are the trademarks, service marks and/or trade names of their
respective holders.

Copyright SABIC 2018 25
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