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The Polymer Explorers

Plast — en trussel eller
avgjgrende for en baerekraftig
fremtid?
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Norner AS
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Norner - A global market leader of Industrial R&D services in Polymers
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> 40 years experience

saga

Page 2

|
-
»

<V
7" Statoil

E BOREALIS
-

RO e

O OO

~ 100 Employees

b

16 Nationalities

/I

>15% AGR

>60 Countries
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New European Polymer Exploration Centre - 2022

Full service-portfolio in the plastics value chain from polymer to processing and end use innovations

NORWEGIAN
CATAPULT
CENTRE




Almost 390 million
tons of plastic
were produced in

More than a third
of all plastic is used
for packaging

More than 90% of
plastic is NOT
recycled (globally)

Each year 9 million
tons of plastic
waste end up in
the ocean
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Packaging waste
accounts for half of
the plastic waste
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Plastics - an integrated part of modern society
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Plastics — enabling our sustainable future

e Plastics deliver numerous benefits to
society

* The circular economy for plastics requires
us to

 eliminate problematic/unnecessary plastic

* eliminate leakage from the plastic value
chain

* increase recycling (mechanical, chemical)

2/40 A 232 v

* decouple feedstock from fossil sources Packaging e-Mobility

Strong - Lightweight - Durable - Safe - Versatile

®
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Plastic is too valuable to waste...
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Without value — plastics are lost everywhere!
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Many types of plastics — but dominated by a few!

Packaging 39.6%
Buildir]g & 20.4%
onstruction
Automotive 9.6%
Electrica.l 6.2%
& Electronic
Agriculture 3.4%
Household, 4.1%
Leisure
& Sports
Others 16.7%
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What if we replace plastics packaging with available
alternatives?

Total masses Energy consumption GHG emissions
for same functional units in total life-cycle in total life-cycle
66 million t/a 2250 million GJ/a 97.4 million GJ/a

X 3.6 X2.2 X2.7
1010 million
Gl/a 36.6 millio
18.4 million Gl/a

t/a

Alternative materials
Alternative materials
Alternative materials
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Page 10 Denkstatt report (2011); “The impact of plastic packaging on life cycle energy consumption and greenhouse gas emissions in Europe” nor Mer—.
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Food production: 1/3 of total GHG gas emissions

e |
Milk -l
Poultry meat -|
ig meat IEEENIN] :
Lamb and mutton _I
Beef (dairy herd) _l
Beef (beef herd) _I
Dark Chocolate _
Coffee INIIINE |
Ohveoﬂillllllll :
Rapeseed oil -
Sunflower oil -
Soybean oil _

0 10 20 30 40 50 60

Plastic packaging
has a critical role

B Land usechange M Animal Feed B Farm B Processing B Transport Packging M Retail
Page 11 Source: Adapted from Poore, J., & Nemecek, T., Reducing food’s environmental impacts Ao MNEr

through producers and consumers, 2018, Science
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LCA’s are required to make sound decisions!

Extended life TESCO The average European
Modern plastic packaging can lengthen the life of food in your fridge e & B Pre-packed .
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packagmg g

Loose .
I o . (private
shrink wrap homes)
Consumptlon 18
-
Modified atmosphere EIecticity
packaging with perforated .

polypropylene film

Public ) . homes)
B oo services co footprmt o
Cars

Vacuum packaging In
oxygen barrier fllm
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To consume less — the biggest sustainability challenge?

Million tonnes

.52 =

1.50 +

Plastic Packaging: 770 000
tonnes of CO,eqv were saved

Pord o TN Equivalent to the direct CO,
¥ emissions of 480 000
25 e EU citizens in 2019
(from burning fossil fuels for
home heating and transport)

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct.
2019 2020 @

N Production of plastic packaging in the EU-27 c e . gll
*" from April to October 2020 compared with business-as-usual levels uropean Environment Agency =) nor-rer:

227 000 tonnes under BAU
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Without sustainable use — the use will be restricted!

UNITED STATES

o Save Our Seas Act (2020)

RECYCLE Act

RECOVER Act

ZERO WASTE Act

The Plastic Waste Reduction and Recycling Act
Break Free From Plastic Pollution Act

GLOBAL

Basel convention
Single use plastic bans
Extended Producer Responsibility

EUROPE

o Packaging and Packaging Waste Directive
o Circular Economy Package

o Single Use Plastics Directive

EU Plastics waste charge

o
o Country specific plastic packaging taxes

ASIA PACIFIC

o National Sword / Plastic waste import ban (China)

o Waste export ban and Recycling Modemisation Fund

(Australia)
o Deposit retum schemes
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EU defines sustainable plastic manufacturing

Manufacture of plastics in primary form shall * o

comply with at least one of the following three EU TAXONOMY

criteria: *****

1. Manufactured by mechanical recycling Environmental objectives:

. Climate change mitigation
. Climate change adaptation

2. Manufactured by chemical recycling®

3. Wholly or partially derived from renewable . Sustainable use and protection

feedstock * of water and marine resources

. Transition to a circular economy

. Pollution prevention and control

. Protection and restoration of
biodiversity and ecosystems

*The carbon footprint shall be lower than the
carbon footprint of the plastics in primary form
manufactured with fossil fuel feedstock

(The carbon footprint shall be calculated in accordance with ISO 14067:2018 and validated by a third party) ?“/
Page 15 o Mer




The challenge — the industry needs “virgin” recyclates
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Global Capacities 2020

150,000

100,000
50,000
:
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PET PP

30

000 Tonnes
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PE

m Virgin Capacity Recycling Capacity  mRecycling Output FLEXIBLE PE HDPE/PP
B Installed recycling capacity I Recycling Output
(EU28+2), MT (EU28+2), MT

Average estimate recycle share of global capacity
in 2020 is < 10% * Europe needs better recycling

Un-used capacity due to poor quality of output technologies to reach 10 MT within 2025

Source: ICIS, Recycling Supply Tracker — Mechanical 2021, , Plastics Recyclers Europe: Report on Plastics Recycling 2020 ?)
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THE RECYCLED MATERIAL 5 CHALLENGES

Mechanical properties

Processing

Colour

Odour & migration

Control of the waste raw material is a key to success - but it does not solve everything !

Page 17
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We need to transform the way plastic products are
designed, produced, used and recycled + document!

Europe 2019:

e 29.1 million tonnes collected

* 4 million tonnes used

* Mechanical recycling is not fulfilling the
requirements needed to enable targeted use

Million
tonnes
Plastic recyclates used
in new products
in Europe
AGRICULTURE

Page 18 Source: Plastics Recyclers Europe: Report on Plastics Recycling 2020

Chemical recycling
development:

- Cost
- Yield
- Legal status

Now:

Mechanical
recycling

- Environmental
impact

. RENEWABLE i
e RAW :Q’_
FL MATERIALS - ~

DESIGN

& Chemical
RECYCLING .
recycling

USE & REUSE

Chemical
recycling:

Industrial
scalein< 10
years

DESIGN
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Digital transformation will change how we inform about,

design, track, trace, sort and recycle plastic packaging

HolyOrail 0
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Intelllgent Sortmg

@
Distribution
@ Design @ Manufacturing @ Center
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In-Aisle

Intelligent labels are driving the circular economy

Combined detection:

Digital watermarks + NIR i
/

3m/sec i {
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Illustration source: Tomra’
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Recyclers need to operate as resin suppliers — with quality

and application mindset
Petrochemical o — ~
e SR
) @ (Importers)

companies

Transport

p S
Monomers .\,
H Mechanical
Producers recyclin )
Collection
Virgin polymers N
Polymer
specialists
polymers ”
s G535t f;’ <3 Transport
e SN 2

'&’Wﬁ —

2 O

£ 55T A -

iy & R
Other products Recyclers Sorling
(fbers, ofc.) Grading/sortingt centers
T Washing s
Grinding Bal
1 Open loop Extrusion G

®

Page 20 I_IDI_I_IEI_
The Polymer Explarers



© NORNER AS

High quality mechanical recycling via value chain integration

Waste collector |:> Sorting centre [> Recycler E’\>  end-user |

morssinkhof - rymoplast

0

S » e R li ‘ Use of recyclate
N (plastic) waste on polymertype ecycling \
Venting Mixing
Filtering J HEATED
Sorting on

Grinding Flakesortmg
product level » /Coldwash EokvaY Color and Polymer ‘ Compounding » Qc
Color and Polymer

ORNER AS
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Mechanical recycling can only go so far...

New virgin ]
PE and gp Flexible Collection & Mechanical
(bio-based in Packaging

the future?)

REGULATIONS
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Hteg g 10 the peopnalfn he Tapess Commoscn.

icsEurope announces a significant increase in planned chemical recycling investment:
from 2.6 billion Euros in 2025 to 7.2 billion Euros in 2030 with 44 planned projects in 13 EU
countries. The production of recycled plastics is estimated to increase to 1.2Mt in 2025 and 3.4
Mt in 2030. With this planned contribution of 1,2 Mt of recycled plastics produced through
chemical recycling by 2025, PlasticsEurope plays a leading role in delivering on the European
Commission's Circular Plastics Alliance target of 10 Mt recycled plastics used in European
roducts by 2025. Conversion to feedstock represents 80% of the planned capacities.
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We need a multifaceted approach

The circular economy: Reduce — reuse — recycle

Basic
Chemicals

Feedstock @
! Aolysis/Gasification

Monomers

Mechanical
Recycling incl
Solvent-based

_j" Product
o ~ Manufacturing
Waste Collection i

’f;i'\l],c% & Sorting &y Consumer

Disposal /
Incineration

Use Phase

Page 23 Circular Economy at BASF; B. von Vacano, H. Mangold, C. Seitz, Chemie in unserer Zeit 2021, 55, 374 (DOI: 10.1002/ciuz.202100040).

Mechanical recycling: Less
energy consuming (keep
polymer structure), but limited
cleaning effect

Monomer Recycling: Break
polymer bonds; purify monomers

Pyrolysis (chemical recycling):

High energy demand reduction

to basic feedstock — highest cleaning
effect

®
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The race in technology development is on..

a) Mechanical Recycling
Polymerto Polymer

Fa'

.”MH o/ 00

— o
m
Polymer Polymer
{pure stream)

Processing

Recyclate quality directly dependent on
purity and specification (e.g. N) of input

Low energy need, can be powered
by renewable electricity

Mo / very limited capability of removing

contaminants

b) Solvent-based Recycling
Polymerto Polymer

)’“."

00/ M % r”m .0
““-Iu“ e
S 0000 S S8 00880
Poblymer Polymer
(target M, can
be slightly mixed) W
v .
Processing

Recyclate quality dependent on
purity and specification of input

Medium energy need, can be powered

by renewable electricity

Contaminants / other polymers can
be removed if different solubility

c) Depolymerisation
Polymer to Monomer

il x"x\“_ o9 9

oxsee... w([Jp ©o%
000 wo ~ ® 0

e
Pure polymer by type, , Monomers
varying M,
t A

000080
[SoRatase ] [
L
Polymer (virgin quality) Polymerisation

Can recycle chemically identical
polymers of different quality / N

Medium energy need, process heat by
renewable electricity or with CCS/CCU

Removal of contaminants possible,
achieves virgin quality

d) Thermochemical Processes
(Mixed) Plastics to Feedstock

S90S A A .
 bdd I LI
scsssse NI
e ~ ‘S

L 2 1 ey -
Mixed Polymers Chemical
varying M., Feedstock

1§

various Polymers Monomer Steamcracking

(virgin quality) Synthesis, or syngas
Polymerisation  chemistry

Can recycle (a range of) mixed plastics
waste of different quality and M,,

Relatively high energy need, process
emissions likely need CCS/CCU

Removal of contaminants possible,
achieves virgin quality

Winning criteria: Profitable, scalable, low eco-footprint, high quality products!
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CHANGE OR BE CHANGED!

LICENCE TO
OPERATE
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Thank you

ronny.ervik@norner.no




