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AGENDA | NOV 07, 2024

Welcome
Massimo Serapioni | General Manager Business Unit Recycling | Coperion

Plastics in Circular Economy - Requirements and Challenges

Prof. Daniel Schwendemann | Institute for Material Science and Plastics Processing (IWK)
OST University of Applied Sciences Eastern Switzerland

State of the Art Solutions for Material Handling,

Deodorization and Degassing
Francesco Arvieri | Sales Manager | Coperion

Coffee break

Application Deep Dive: Highest Quality in Flexible Film Recycling
with Coperion Recycling Technology

Marina Matta | Team Leader Process Technology Recycling | Coperion
Olivier Logeat | Directeur Operations Plastiques | SUEZ RV France SA
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Application Deep Dive: Twin Screw Extrusion and Polymetrix SSP

Decontamination Technology for rPET

Sabine Schonfeld | Sales Manager | Coperion
Martin Muller | CEO | Polymetrix
Devendra Surana | Founder & Managing Director | Magpet Polymers private Ltd.

Lunch

Plant Tour & Live Demonstration: Recycling Innovation Center
Coffee break

Full-Scale Turnkey Systems for the Recycling Industry

Miguel Teran | Sales Engineer Compounding Plants | Coperion

Professional Customer Service
Georg Vogele | Key Account Manager Aftersales - Recycling Systems | Coperion
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15:10  Final presentation & closing remarks
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Motivation
Circular economy

Recycling challenges
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Overview

Technical Universities in Switzerland

Eight Public Technical Universities

ZFH
Zurich
Technical

. Jona

HES-S_O BFH

Te(.:hnlc.al Technical

University University

of Western 5 BEre

Switzerland
SUPSI
Technical
University
of Italian
Switzerland
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IWK Institute for Materials Technology and plastics processing

Competences at IWK

Plastics Processing

Prof. Daniel L Prof. Dr. r " Prof. Dr. . Prof. Dr. Samuel
Schwendemann Gion A. Barandun o : J4d Markus Henne - ) Affolter
Dep. Head of the Institute ' ok ; g 4=

Department , » Department Composite > "S-~ Department | Department Materials
Compounding / Extrusion B8 Sas g fibre technology / Mechanical Systems analysis / Component
Lightweight construction / ¢ testing

Daniel \ Japer Hollender Prof. Dr. y Prof. Dr.
Omidvarkajan ' Mario Studer | Pierre Jousset

Department Department Injection » Department / " A Department
3D-printing / Additive moulding / PUR Computational ¥ Connection technology
Manufacturing J Engineering

Prof. Dr.-Ing.
Frank Ehrig
Head of the Institute

.. Department
~ Manufacturing
Technology - Metals
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Circular economy
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Motivation

The footprint of Switzerland exceeds ecological limits

Biodiversitats- Treibhausgas- Gesamt-
fussabdruck fussabdruck umweltbelastung
EE 7 8RR %16 — EE% _l
estimated reduction 3
5 needs %
° -74% s = v g
j ' 4 10 57% (EBP 2022) g
2 1 -89% 5 O
S & 0;3,&‘3’ ’ S P& o | S ¥ %
4\}.;\‘{‘:’ v Q’Q Ao \\§'§ §
Q@Q,o}% ,;:-QQ' (((\\}a‘a Li-
\0®+ ¢ -\,"(’6 O
S & é
-
* Over 60 % of the total environmental impact in 3 consummation sectors: S
living (25 %), nutrion (25%), mobility (14%) o
m
L
- Share in foreign countries of the swiss consumation environmental impact: 68 % g
@)
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Motivation

Why circular economy? 390.7 mt
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Plastic recycling

Current situation - Problem!

Flow of the material from the production to the end-of-life

.t
3

CONVERSION '

I ,
I~ 0@, USE WASTE
propucTion B g CONSUMPTION (/@88 ~ ppiasE COLLECTION

ENERGY
RECOVERY
A

Q? SENT TO

& recvanc
Picture: IWK

What do we do
with the recyclate?

Development line — " flow of thinking and acting "
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Plastic recycling

Current situation - Problem!
The problem arises from the way in which planning is carried out in development

Plastic waste is collected and then someone/somewhere is supposed to take over
the sorting and processing.

After that, a possible area of application is sought

1 The result is "down-cycling" with poor material propertles which also leads to a
negative image of plastic as a material.
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Actual situation

Our current value creation model

User

Retail
S
$ ®
v e
& Assemtil‘x yo
% e
<" Manufacturing
Fa €€

ﬂé-'.-.
Extraction_TT] €
\/

Virgin material (linear inflbw)

Pre-use Use Post-use Landfilling & Incineration

Quelle: Nicolas Hofer et al. in Podleisek/Hanggi/Luban 2023
(unpublished) based on Achterberg/Hinfelaar/Bocken (2016)
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https://publish.circle-economy.com/financing-circular-business

Plastic recycling

The solution is a new approach of thinking

Identify the potential application areas

THOUGHT PATH THOUGHT PATH THOUGHT PATH THOUGHT PATH LANDFILL
|
L- ' 880 o>k HIIE ENERGY
PRODUCTION CONVERSION CONSUMPTION (488, p s COLLECTION RECOVERY
|
Q? SENT TO
RECYCLING

THOUGHT PATH DURING DEVELOPMENT Definition of Picture: IWK
potential use!

Goal: Give waste a value!!l
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Circular economy

Why circular economy?

Development

from the linear
economic system

to the
circular economy

Prof. Daniel Schwendemann

NON-RENEWABLE

RESOURCES\\/

PRODUCTION
RENEWABLE

REjo<_u\-riCEsé_73

g
COMPOSTING (')

CONVERSION

¢Q

NATURAL RECYCLING

CYCLES

R%

AND FERMENTATION USE PHASE
ENERGY /4 WASTE
RECOVERY \// COLLECTION Picture: IWK
LANDFILL «fB5
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Circular economy

Future: Creation and preservation of value.

Product use-cycle extending strategies
R2 Reuse, R3 Repair

Material reduction strategies

RO Refuse,
("
-
3

R1 Reduce

Product or part use-cycle renewing strategies
R4 Refurbish, RS Remanufacture,
R6 Repurpose

Material processing strategies
R7 Recycle, R8 Recover,
RO Remine

Y w

Pre-use Use Post-use

Quelle: Nicolas Hofer et al. in Podleisek/Hanggi/Luban 2023
(unpublished) based on Achterberg/Hinfelaar/Bocken (2016)
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https://publish.circle-economy.com/financing-circular-business

Circular economy

RO—R9: Hierarchy of CE value retentior
options (RO’s) for consumers

and businesses

R2 (low) value

life time
extension

R9

land fill
mining

>~ leakage
to LDGCs

Remanufacture (C = consumer)

(destilled

RO = Refuse R5 =
R1 = Reduce

R2 = Resell, reuse

R3 = Repair

R4 = Refurbish

R6 = Re-purpose (B = business)
R7 = Recycle materials
R8 = Recover energy

R9 = Re-mine

water
supply)

incinerating

canniba-
lisation
|
/ \ : T
. _soe . I
—’ initial selling of product v v v ¥ ¥ v v
—> initial waste streams - material component end product - RO R1 . land filli
mining production production mar;ut:ac(:nng retailing consumer collection and fhilling
a
—P recirculating of product \ \ / ran \
— secondary selling of product % R5 R4
R7 429
— =P selling of derivate products e
repurposing R7
repairing
remanu-
facturing 2nd life
. L. furbishi retailin
source: Reike, D., Vermeulen, W.J.V., Witjes, S. (2022). R refurbishing 9

https://doi.org/10.1007/978-3-030-94293-9 3,

Schematic rearranged
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acquiring
checking

separating
selling

shredding
distracting
reprocessing | ¢ R ,7
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https://doi.org/10.1007/978-3-030-94293-9_3

—’ initial selling of product

. H . /
* flow of designer process s':l?a’t'g;( ‘___‘ Inputs \I R2
formulation \__cxsoeporste SEainabily gatesy ™ ;
4 ) P T R e e =y
Idea generation: | Inputs :
in the box ‘---q guidelines & principles | R6
out of the box \ DfS strategy wheel J
\ ==/ ey o o e - — i —— — — o — o o~ —
i ; * Ve lEnite e %
RO—R9: Hierarchy of CE value retentior e N\ 1 Inputs \I g?
options (RO's) for consumers St(';'d. desntgrs\tmg: | * Generic design engineering + I R3
: esign > test > * EcoDesign / Design for Environment (DfE
and businesses develop production & *---‘I « Df Sustla%nabilib'i(i;ty " P : R4
RO = Refuse R5 = Remanufacture (C = consumer) \ marketing & logistics ) | * Df Remanufacturing I“R5
R1 = Reduce R6 = Re-purpose (B = business) \ * Df Recycability / Disassembly etc. Forpyey
R2 = Resell, reuse  R7 = Recycle materials * R T T TSR IR C T
R3 = Repair R8 = Recover energy I~ o - )
R4 = Refurbish R9 = Re-mine Realisation
material component end product
mining . pon: manufacturing retailing consumer collection
production production / brand
source: Reike, D., Vermeulen, W.J.V., Witjes, S. (2022).
. . /
https://doi.org/10.1007/978-3-030-94293-9 3, +

Schematic rearranged
Evaluation &

reconsideration
product portfolio
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https://doi.org/10.1007/978-3-030-94293-9_3

Circular economy — various paths possible

NON-RENEWABLE
XKREGOU?CES

CULTIVATION =

n

% /? MECHANICAL -
5452/,(/5 @J}ca ReCYCLNG L ¢
l[n .

| LSep by
et Leserp
GRAPING MECHANICAL - RECYCLING
L\MOLECULAR STRUCLTURE

~ CHEMICAL - RECYCLING

o
\ e - &
C-peeveLINC g MONOMERIC, SECONDARY RAW MATERIALS

C‘.OM\?OQ‘\'\N6 / \ °%%%§'ﬁp6§$%‘fb.'§%o £ MINERALIZATION
ENERGY-RECOVERY @) ©
A LANDFILL @PAPEE—EECYCLING ~ pur
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Sustainability assessment — demonstrate positive effects

Environmental assessment — making sustainability measurable

Of many approaches @

to sustainability ...on facts and figures

t thanks to CO, footprint and
Employee commutin .
= : Francries: life cycle assessment

Purchased goods and services Steam Volatile gases

Investments
Capital goods

Heating & Cooling
Waste generated in operations ‘ Use of sold products
Company faclilities

Leased assets Emissions from . . -
purchased Processing of sold intermediate-products
Business travel electricity
Leased assets

Company vehicles

Transportation and distribution (downstream)
Scope 1

End-of-life treatment of sold products

Transportation and distribution (up-stream)

Fuel and energy-related activities
Scope 2

Purchased energy

Upstream activities Downstream acuvities

retraced along: https://allianz-entwicklung-klima.de/toolbox/was-sind-scopes-geltungsbereiche-bei-der-berechnung-der-unternehmensbezogenen-treibhausgasemissionen/

24 | Prof. Daniel Schwendemann Coperion Recycling Days, 7th of November 2024 IWk O OST



Sustainability assessment — demonstrate positive effects

Environmental assessment — making sustainability measurable

Prioritising
[ environmental
aspects

Integration of
environmental
aspects in
design and
development

ISO 14040 Series

Life cycle assessment

I1SO 14062

Design for environment

1SO 14020 Series

Environmental labels
and declarations

Communicating

Description of
environmental
performance of products

Improvements of
environmental
performance of products

Information about
environmental
aspects of
products

envi;onmental 1SO 14063 Commgnicalion
performance ) on environmental
Environmental performance
communication
- i D ipti f
Monitoring ISO 14030 Series E:;f'::n:‘:r“&l
| environmental Environmental performance of
performance performance evaluation organizations
it ori 1ISO 19011 Information about the
Monitoring
system Environmental gﬁ:fﬂrnm;gfaff the
performance management systems
auditing management system
Support of national IS0 14064 Series
__| andinterational (B (S Reduction of greenhouse gas
greenhouse gas 1SO 14065 emissions
progzams Validation / Verification

25
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Do good and talk about it — But how?

Definition target group

R

Customers

Legislation Company internal

2

Calculation of environmental
impact using LCA, CO, footprint, .
.\

AL
—

=

||,;,k OOST

We are happy to support.
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Project Examples

From old skiboots to iphone cases

Recycling process from ski boots to the
sustainable phone-case ,,F385 CIRC-CASE*“

a l Manual disassambly in individual parts

m and separation of metal and rubber ARG UT
* 2 Plastic analysis with FTIR, material and color CSTAEN FERSINLHETEN

separation

*’ . 3 GCrinding

5 Tool design and and injection moulding of
the F385 Circ-Cases

6 Customization of the
phone-case with
F380 Justin
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Ocean Bound Plastics Recycling

Tide Ocean Material

28 | Prof. Daniel Schwendemann Coperion Recycling Days, 7th of November 2024



H tide

OCEAN MATERIAL

Project Examples IWK

Ocean Bound Plastics

YARN'

WEAASTS
A0 RECTCRTEN pr i
ST TR R
e PSTRA RO

8 OCEAN-300MD {
+2Y, PLASTIC® f¢

| St
Bilder: Condor, tide ocean material

1wk OOST

_—
Bilder: Ocean Yarn by Meister Bild: Maurice Lacroix

Bild: Mibelle

Coperion Recycling Days, 7th of November 2024
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Project Examples IWK

Solaris - Evian — Iris van Herpen Project

ERE
IRIS VAN HERPEN

Maria Sharapova and Iris van Herpen Turned Evian Bottles Into Haute Couture for the British Fashion Awards | Vogue
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https://www.vogue.com/slideshow/maria-sharapova-iris-van-herpen-british-fashion-awards-2021

Project Examples

In-line Extrusion of sticks
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Project Examples IWK

Recycling of 3D Printed concrete formworks together with ETH Zlrich

(a)
Formwork
removal

U] (b)
3D Printing Cleaning

(c)
Shredding

Shredded
formworks

Prof. Daniel Schwendemann

Coperion Recycling Days, 7th of November 2024

Circular
Formwork:
Rec cI_mg of 3D

rinted
Thermoplastic
Formworks for

concrete
Construction In

Architecture

Article in
Technology|Architecture
+ Design - November
2023

Joris Burger, Ena Lloret,
Marc Akermann, Daniel
Schwendemann, Fabio
Gramazio, Matthias Kohler

1wk OOST



"l » 3
" v - %
o
‘ ~ i
» ” £ ’
...
L2
l“\v » " “
" » a1
# K .
- »”
> v e
. i x
]
P
‘
AR N P
PRl ST B0 s s
1 v 'R ot . P
PN Dot "7 4
500 e,
>~ ™ »
AL L
F o SRR
. O oy < S e 3N 1
" A -
# "'1' 1 v

¢ '.“:.L; .

.!
U ".',‘;. SR
v Fass f,’} .

¥ § R o . 8 L



niel.schwenc
;l, 58 257 49

WW.0st.ch/iwk
is

b

| rof anlel SJ‘hwendemann

emann@ostfch
16

I Danlel Schwendeme

s
C—

Cope i;n l! vs. 7th of Novem


https://www.ost.ch/de/forschung-und-dienstleistungen/technik/maschinentechnik/iwk-institut-fuer-werkstofftechnik-und-kunststoffverarbeitung
https://www.instagram.com/iwk.ost/
https://www.linkedin.com/company/iwk-hsr/posts/?feedView=all
https://creamelt.com/wp/?v=18a5f226e926
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Material Handling,

Deodorization and Degassing
State of the Art and Solutions for
Recycling Applications

Francesco Arvieri
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Goperion

Core recycling equipment

Material handling solutions




Lerbold Goperion

1

FLUIDLIFT ecodry

2

Coperion ARW

3

Deodorization




Coperion FLUIDLIFT ecodry lerbold  (coperion

Conveying and drying of recycled raw material ﬁ

Conveying } Drying ) FLUIDLIFT ecodry

Material needs to be Washing process leaves residual h Conveying and Drying in one
transported from washing and water which can be negative for step.
milling plant to extruder. extrusion. It is mandatory for it Hot air for conveying is used for

The conveying can be to be removed. surface water removal while

\
performed either in positive or Residuai water can degrade the D\- product is brought to extruder.
negative pressure. products or create inner bubbles. Drying is so fast

(about 1s) that product is not
affected by the temperature
Increase.




Coperion FLUIDLIFT ecodry

Space and energy saving

Benefits
Space saving 2 No dedicated drying equipment

Energy saving 2 Hot air already suppiled for conveying

Product care = Temperature increase less than 20°C

High efficiency = Up to 5% surface mgcisture remavail

Cost saving 2  Smaller extruder and vacuum pump
required

Full product flexikility - Available for pellets and flakes

Lerbold Goperion




Lerbold Goperion

1

FLUIDLIFT ecodry

2

Coperion ARW

3

Deodorization




ARW System Lerbold + (coperion

Recycling cohesive and sticky raw materials ﬂ

Difficult products Risks Coperion ARW

Many products to be recycled These materials must be handled One of the many equipment in
are not easy to handle. correctly with proper equipment. Coperion portfoiio is the ARW.

Many materials would arrive as There is risk of bridging in the It integvates discharge aid flow
thin film or fluffy bales or hoppers, clogging of the pipes control to ensure proper
uneven cut fibers. and discontinuous flowrate. constant operation of the plant.




ARW System lezbald -+ (coperion

Flexible and customizable discharge system

Benefits ) %X\Q\@

Guaranteed throughput - No risk of bridging or clogging

Full regulation - All systems can change operating speed g :
depending cr real line requirements

Feeder integration > Can act as a pre-feeder for smart belt feeder type
up to 5000 kg/h

Full flexibility > Different features and accessories depending on
actual product handled (shape, BD, thickness, etc)

~_
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FLUIDLIFT ecodry

2

Coperion ARW

3

Deodorization




Coperion Deodorization erbold  (coperion

What is smell, how to measure and how to remove it
d Q\@
e
\/a C\\(\
e

g are'the most common: | 2L 1= |
emitted with heat

To deodorize we must know what we wan

Smell is the emission of volatilized chemical compounds from 3

There are several ways to measure the smell of a product, fo

- Lemonine content measured
- Qualitative assessment of odor by 5
- Total VOC content measured

KKXX To remove smell, it is
required to heat up
.4-\ &@ the Problenn of Plast the material and keep
R, it hot until most of !
the VOC are expelled
by flushing it.

C Packaqmq | WIRED:
4 -

! 5.«3‘


https://www.wired.com/story/plastic-waste-packaging/

Lerbold Goperion

Coperion Deodorization

When to deodorize — impact of different process steps
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Coperion Deodorization herbold (coperion

When to deodorize — impact of different process steps




Coperion Deodorization herbold (coperion

When to deodorize — impact of different process steps
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Coperion Deodorization

When to deodorize — impact of different process steps
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Easy handling of products in regular pellet form.
Energy efficiency for deodorization and cooling.




Coperion Deodorization lerbold  (coperion

Equipment involved - flexibility in sizing

Conveying from extrusion

Deodorization silo with
thermal insulation

Cooling silo

o Air treatment equiprnent

Bagging area
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Coperion Deodorization

Flexible and customizable deodorization system

Benefits

Full flexibility > Residence time and temperature can be
adjusted as required

Energy saving 2> Actual heating required low

Repurposezbility > Same system can be applied everywhera
(raw material, finished prodtuct, existing lines)

Continuous cperation - No middle product storage required



herbold

| Goperion

Coperion Deodorization

Coperion lab testing equipment

Testing facility

Batch operation test 2> Small product sample required
Heating fluids testing > (Can be evaluated usage of steam or hot air

Detailed results 2> Optimiziation of temperature and

residence time for best results



" Goperion

al

Coperion Material Handling Benefits
-

ARW System Deotforization

FLUIDLIFT
ecodry

Energy saving Flow guaranteed Flexible application

Cost saving Flexibie configuration Energy efficiency

High efficiency Full adjustability Setpoint definition testing
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Francesco Arvieri
Sales Manager | Coperion
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Application Deep Dive:
Highest Quality in Flexible Film
Recycling with Coperion Recycling
Technology

Olivier Logeat Marina Matta
Directeur Operations Plastiques Team Leader Process Technology — Recycling
SUEZ RV France SA Coperion
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SUMMARY

1. SUEZ PLASTIC RECYCLING OVERVIEW
2. TWENTY YO EXPERIENCE OF LDPE
3. LATEST PROJECT: LANDEMONT

4. MARKET EVOLUTIONS AND STRATEGY

@) suea




1.SUEZ PLASTIC RECYCLING
OVERVIEW

@A sue2




PLANTS & LABORATORIES

A mature expertise to produce and market 110 kt of high-quality recycled raw materials.

LDPE

SUEZ RV Plastiques
employees Landemont plant (49)
dedicated %:‘3.3 =P,
plants
research PET
center

SUEZ RV Plastiques Atlantique

Bayonne plant (64)

France Plastiques Recyclage
Limay plant (78)

N
&y -

3
PET

I suea

Plast’la

/bresearch center
dedicated to recycled
plastics

PVC
SUEZ RV Plastiques

Vernie plant (72)

n
(&R

|
PVC '5‘




2.

TWENTY YO EXPERIENCE OF
LDPE




Landemont plant

2 waste deposits

Agricultural

films
Pays de la Loire

38 000 van

of recycled materials

24 600
exploitations

surface agricole utile :
2,2 millions d’hectares

18 800 t/an

of recycled materials
& produced

12 kt films plastiques agricoles
collectés par ADIVALOR

2 catégories de PE
de suremballage
traitées :

75

employees
working in 5 teams

70 000 m

Of surface
including 15 000 m2 covered

Commercial PE

films
France

22 000 van

of recycled materials

15 200 van

of recycled materials
produced

AYYY I eesess ot ieessstlioes \\h{;‘f:::—:

! . Site IPCE

.
00800 tenes Instal!atlon
Classée pour la
Protection de
I’'Environnement

150 001

BUREAU VERTTAS

ene® ALY I :'-".. . LEL
et e Ssss s s eese Certification ISO 9001 — 2015
i .: oo .:o.o
sess 8 Sy .'..: *0e

RecyClass

Industrial & technical uses

Building film, agricultural film,
bubble film

Reusable shopping bags,
garbage can bags, recycling
bags

Q Tubes, irrigation sheaths

Q Components for the automotive
industry




3.

1.LATEST PROJECT:
LANDEMONT




Landemont projet: to triple production

Site first established in 1999 exclusively on agricultural film recycling

First post commercial line in 2019

30M€ investment in 2022 to modernize and increase capacity

29kt “‘pu't of waste materials OOKE inpl.lt of waste materials

1 1 kt output of recycled materials 34kt OUtP“t of recycled materials

55 FTEs 75 FTEs

3 production lines 5 production lines

suea




4.

MARKET EVOLUTIONS AND
STRATEGY




PLANTS & LABORATORIES

« 20 years of experience e strong competition with
* More stable market fossil polymers

S W

T - @% of films to be recycled by
» High production cost and 2030
low profitability « PPWR

N Aim for increase profitability through
V' technological innovation

« Technological évolutions I

suea



CONTACT

Olivier Logeat
COO Suez Plastic Recycling
Olivier.logeat@suez.com

suez.com @ Suea



*Créer des cycles. Pour la vie.

Suee

CREATING CYCLES.







- (coperion

Application Deep Dive:
Highest Quality in Flexible Film
Recycling with Coperion Recycling
Technology

Olivier Logeat Marina Matta
Directeur Operations Plastiques Team Leader Process Technology — Recycling
SUEZ RV France SA Coperion



Challenges for film recycling lerbold ~ (coperion

Film waste sources
N\

Post industrial Post commercia Pcst consumer K %m\@

Quality challenges Handling challenges
Geis and contaminants « Low bulk density - 15-50 kg/m’

Smell « Compacting and bridging properties
Discoloration

v




Focus on: QUALITY Lerbold + (coperion

Film defects

.+ Opaque appearance

@ * Inorganic contamination
@@- Foreign polymers * Pigments

Paper



herbold

| Goperion

Challenges for film recycling

odorization '/—';3'"}?

Nl

Hot wash



Challenges for film recycling (coperion




Focus on: QUALITY lgbold + (coperion

Hydrocyclone + Hot Wash
Swim Sink Tank Hydrocyclone Co as t °
e (S

Reduces the number of defects | Improves transparency by
in the end product reducing adhesive content

Quality improvement with Hydrocyclone + Hot Wash



herbold

| Goperion

Challenges for film recycling

odorization '/—';3'"}?

Nl

Hot wash



Challenges for film recycling

Lerbold

Goperion



Lerbold Goperion

Focus on: QUALITY

How to quantify gels

» Back specs

+ Gels

« Contaminations
* Agglomerates

Camera

© OCS Optical Control Systems GmbH | www.ocsgmbh.com



Focus on: QUALITY (LEBeld 7 (coperion

Process parameters — Supermarket film

Total defect area in ppm (accumulated

N Reference - si

Xiseducion
@Qb@i > 50:’/0

1)
()
—_
©
-+
O
]
Y—
()
©

— Twin screw — low shear

¢ Twin screw — medium shear
® Twin screw - high shear

Gel Reduction

by > 70%

defect size




Focus on: QUALITY

Process parameters — Post-consumer film - 310

- Twin screw — medium shear

@
()
—_
@©
+—
O
(]
y—
()
©

¢ Twin screw — high shear

Gel Reduction

by > 70%

defect size




Focus on: QUALITY (LEBeld 7 (coperion

Additivation

Supermarket film -

20
Total defect area in ppm (accumulated) S s 4 %@@
N\
(@2
Without Additive
With Additive

©
()
—
©
o+
O
[
Yy—
[}
©

defect size defect size




Focus on: QUALITY (LEBeld 7 (coperion

Filter Fineness

efect area

@@ﬁ%

defect size [um]

Filtration: 54 um —o—Filtration: 74 ym




herbold

Goperion

Focus on: QUALITY

Filtration + Additivation

defects per m? K 1
Ber SI 60pm flltrat|on @( %m\

- 60% ‘

S

in defects
crew, 54um flltra cess parameters

setto keep shear | pressure drop at filter

(95bars) gd&w foe i tratlo

settlngs at extruder like (2)
@% Coarser filtration 74pum — lower pressure drop (45bars)

Same settings at extruder like (3).
Addition of Antioxidants




Focus on: QUALITY dsbdld - (coperion
Shear

Reference — single screw Best settings twin screw
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Challenges for film recycling

odorization '/—';3'"}?

Nl

Hot wash



Challenges for film recycling




Focus on: QUALITY lgbold + (coperion
Degassing and Deodorization
Degassing inside the twin screw extruder Jeodorizz 2 dega g slic

« Degassing above melting temperature in the Dega olfe
surface layers esiderice adjustable to <

» High surface renewal due to melt reallocation

WWW

Li SSE Re SSE



Focus on: QUALITY dsbdld - (coperion

Degassing and Deodorization “

Reduction of volatile organic content by
degassing in the twin screw extruder

- improvement dy > 25%

rurther reduction of VOCs with the help
of deodorization silo

- Total reduction of almost 50%
compared to refence

VOC content in %

- Combination leads to best results

after extre(si after 6 h after 24 h

Volatile crganic compound (VOC), gas chromotography according to VDA 277



Focus on: HANDLING Hsbdld - (coperion

Typical extruder set-up for film recycling

ro pr m\©
c:- per with pneumatlc convey K %
W discharge agitat e
smgle discharge scr %ﬁe
B

Smart Weigh B eder
4 75-B MEG eder
5 ZSK extruder
‘ eg ssing
@ ’ rwater pelletizer
Back to production

O

, ,.i a
l_IlmﬁglllllllHJl:!:l I[



Focus on: HANDLING erbold  (coperion

Feed Intake
Typically, it can be challenging to feed film flakes into a twin f@w extra due the low b
Three different possibilities to utilize the twin screw extruder

Regranulates
@t\one machine extruder required
K < Lowest energy input

» Best if installed directly after washing
|ng (less storage and transportation
issues)

\_—

« Bulk density ~500-600 kg/m?

* Requires two extruders

« Highest energy input (2 x melting)
« High footprint




Focus on: HANDLING dsbdld - (coperion

Feed Intake “

o
~

Typically, it can be challenging to
feed film flakes into a twin screw
extruder, due the low bulk density.
Three different possibilities to
utilize the twin screw extruder

fe)

v

S~

<
=03
=

i

(%]

o
N

Agglomerates




Summary herbold coperion

2 W N =

In order to improve the quality of film recyclate@\e 0

needs to be taken into consideration

Improvement in product quality already s at%o g 2

be improved by usiﬁg@m @
O

o ©

g adheseves from the film

\
in extrusion step %@r% additivation and shear is key for quality

Handling Flakes directly in the twin screw extruder is most economical



- (coperion

Marina Matta
Team Leader Process Technology — Recycling | Coperion






- (coperion

Appliction Deep Dive:
Twin Screw Extrusion and Polymetrix

SSP Decontamination Technology for
rPET

Sabine Schonfeld Martin Miiller
Sales Manager Recycling | Coperion CEO | Polymetrix

Devendra Surana
Founder & Managing Director | Magpet Polymers private Ltd.




quality
Reduced opex

*Very low energy consumption (approx.
0,11 kW/kg output material in wash plant)

« Complete water cleaning circuit (also for
fresh water)

«Significant energy savings due todded

©
I@ r?ughput
ash li

{ @/ nes up to 6,5 t/h

extruder
« Additives o
neede

*Reduction of fines due to gentle washing/
drying process = higher yield

»Standard extruder concepts for PET for up to
10 mt/h

*Scalable concepts

Enhanced flexibility

*Handling of difficult and diverse input materials

*Building bloc principle for wash line and extruder,
adaptable to flexible design



herbold
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Challenges for PET recycling

Wash Line Material Q

Handling & Feeding %%\@
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Goperion

Challenges for PET recycling

Wash Line ‘ 2 o %XX\@




PET Recycling: Washing Process - (coperion

Hydrocyclone density separation:

HERBOLD relies on density separation with Hydrocyclone. The
separation efficiency is much higher compared to swim-sink
tanks due to the usage of centrifugal forces. In addition the tur-
bulence generates high friction and an additional washing effect.

Hot Wash Step: e

Additional hot-water treatment reduces
operation costs and keep the loss of /
heat to a minimum. The combination with
Hydrocyclone forms the basis for gu
levels never achieved before.

SB Wet Granulator:

Seldomhasadevelopmentinsize-reductionbeenas
successful as the HERBOLD SB Granulator. Due to
uniformforcedfeedby screwconveyorthegranulator |
always operates at optimum energy-performance
ratio and minimizes fines.

brittle plastics and PET-Flakes
with least material loss caused
by fines.




hErbold  (coperion

PET Recycling: Water Treatment

o> Highest purity level of water by
?.\‘ mechanical, chemical, biological
‘/?A N and reverse osmosis treatment
AT~ ‘N o
o ‘" - Increased lifetime of
‘}' machines and parts

Treatment of total process as
well as fresh water

- Reduced fresh water costs




herbold

Goperion

Challenges for PET recycling

Handling & Fe

Wash Line Material Q . P(Polyme%\@
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Challenges for PET recycling
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Mechanical recycling of PET aerbold - (coperion

Possible downstream equipment - 30 years experience independent of the final applicat

Same extruder design
L (] ® e\
for all final applications — I i
Strand pelletizing

(bottle-to- bottl@

- erwater pelletizing
ottle to-bottle)

—— Fiber production
(bottle-to fibre)

Sheet production
(bottle-to-sheet)




Legbold ~ (coperion

Mechanical recycling of PET

@ Challenge: high residual moisture > 1 %

‘ FLUIDLIFT Ecodry
* Reduction of energy consumption

* Reduction of vacuum unit and cost
(@) - Lower iV drop in the extruder (increase in quality)

=5
W before tra sporl aftar traNsportation
O 4

on of moistt

Silo Discharge ARW and Smart Weigh Belt Feeder

» Cost reduction of stee! structure @)
S y =2
* No bridging probiems
*  Optimized compensation for fluctuations in bulk density
(ccnstanrt teeding for a stable process — additives
ricecdled only in minimal quantity)

o
=
P}
c
()
0
ey
Q
<




herbold

Goperion

Mechanical Recycling of PET

Challenge: low bulk density of film and bottle flakes

ZS-B MEGAfeed side feeder

» Reduction of feed intake limitation /
increase in feed capacity

SN

» Smaller extruder size possible - more
economical recycling of light fiakes

[ 7S-B MEGAfeed sj X\
2000 [ Converiflo Ie P
1500 WX
lO
800

700

 Can be retrofitted to existing systems
(modular plant design)

oughput [kg/h3

@“

500

180

0 60 50

PA Fasern PCR Flakes PET Film Flakes PP Flakes PA/EVOH/PE
(16 kg/m?3) (46 kg/m?3) (77 kg/m?*) Multi-Layer Film Flakes

(37kg/m*)
/ "‘: 2 v % -
5




Challenges for PET recycling (coperion
M . ystem -

| q ssing) | P
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herbold

/AN

ZSK twin screw Single screw extruder
pre-treatment pre-drying

Mechanical Recycling of PET

Challenge: State of the art moisture removal

| Goperion

Crystallisation

Glass transition

Heat Flow [mW]
N N o= -
u o w

1 | ]

W
(=}
I

-35

Moisture levels up to
Predrying Optional, surface moisture Obligatory, inner moisture

1,5% on twin screw
Moisture after drying Optional down to 4500 ppm  Obligatory to 200 ppm extruder, and still energy

H > o,
Crystallization Not required Required savings of 30-40%



Mechanical Recycling of PET erbold  (coperion

Principle of melt-based degassing “

reach the su éﬁ@

by diffusion Q@KK

TVacuum . \Q

®
5

¥
G \Y \\\ Y
Ir’ A TNN N\
' _ . .
anded @ sTfg section Metering section jAFill factor (%)
ction %\©> 3 100
40
Polymer melt will also be Pressure (bar)
degassed in partly filled
screw channels upstream and 100
/\ downstream of vent opening 10
(closed barrel sections) 1

0,1




Mechanical Recycling of PET

Degassing instead of pre-drying

T\
Quality will be better on a \@}
Twin Screw extruder with @

efficient degassing

O

Degzssing of : . .

AEANY Degassing of ‘' Minimal

iow nzolecular : \ |

A\ moisture IV loss
O weight components

@

Degassing of
polymer melt

~_

Degassing of Degassing of
reaction spinning oils,
products Additives..



Melting and Degassing of PET — Pellets (v = 0,84 di/g) @—b‘-)y (coperion

Operating Parameters on ZSK 45 Mc'®

o
Y
o

=
w
%)

e

o
“_\
~

o
Y
o]

T T T
300 350 400
ofew Speed [rpm] Screw speed [rpm]




Melting and Degassing of PET — Pellets (v = 0,84 di/g) @—b‘-)y (coperion

Results for material temperature and viscosity

ZSK Mc' high torque Low torque twin screw ey ru/de<

J£0

300
Screw speed [rpm]




Recycling of PET Film and Bottle Flakes egbold  (coperion

Quality of pellets from different feedstocks ﬁ

IV drop

B |nputiV ® OutputiV

©

ray Flakes Highly contaminated PET Bottle Tray Flakes Highly contaminated PET Bottle
Flakes Flakes
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Challenges for PET recycling

Handling & Fe

Wash Line Material Q . P(Polyme%\@
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Challenges for PET recycling

INIINI A

Handling & Feedi T*sg.;::-‘_-;
Ing KN&@)
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Herbold

Mechanical Recycling of PET

Bottle to bottle including solid state post condensation

an
crystallized \

oY

n b used fz;\th:@o: rocess with the
e

Source: Polymetrix

Goperion

Continuous system



PET plants Lerbold Goperion

Application Throuthut

Bottle to Bottle (FDA/EFSA)

BO-PET Film (incl. Recycling) Q \\ogooo k X\ @@K
&

\S
PET Thermoforming ﬁg\{ \ p to 3.800 k%&( @\)

atch(Pre r%m\y\ Y/ Lg@ /H kg/h
( p s A Qﬁ g
(A

<G|MO e flakes - @(\éi Up to 4.000 kg/h

Bottle to Fiber Up to 4.300 kg/h

Wponents Up to 5.000 kg/h




Herbold — Coperion — Polymetrix iizbold ~ (coperion

A partnership for lifetime

« First extruder purchased for Bottle to Bottle@ﬂa e @m&mﬁltl screw xtf&@
1k Ler| ¢ The capacity sold was 4200 kg/h, today r/w:\n g/ h

m«%

|
| MK \

3 more lines have b | @O
more lines have been purchia OX\

N AN
» Further liges)have sold 2024 Q@

\pa i

A

[

« Customer is so satisti ith the performance that he will buy more systems in future,
including for other PET applications and even higher throughputs







POLYMETRIX

a former Buhler Group Company

SSP as Key Decontamination
Technology for Food Grade
rPET Production




Food Grade rPET plant 5500 kg/h output

System output capacity: max. 5’500 kg/h @ 8424 hours/year
Delta IV SSP: max. 0.20 dl/g @ 5000 kg/h
Extrusion System: single line Twin Screw Extruder
SSP Decontamination: single line SSP with > 14 hours RT
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Highest rPET Purity
Top Product Quality

Process Flexibility
Economy - less kWh/t

CLEANING EFFICIENY YARD STICK
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POLYMETRIX




Why SSP Decontamination for rPET ?

SSP — Solid State Polycondensation (Festphasen Nachkondensation)

SSP decontamination with a residence time > Requirement: long-term circularity of PET:
14 hours @ min. 197°C has a stand-alone

@ acceptance from EFSA, FDA and major brand
owners

“rPET of highest purity (exceeding EFSA) is a
prerequisite to maintain the circularity of PET” in

multiple loops!

v SSP is considered as the most
‘; reliable decontamination technology
J ggA with a wide operating window

== = )9 how many cycles?
o.=:iv. | SSP diffusion process is the g CIRCULAR
ve s ’ -.‘.... o = .
el megr} contrlle[J_Tor for VOIatlllfs o 4 ECONOMY
izt land low volatiles removal form e e rEEaER

- L SSP facilitates the repair o,
>(£)< of the polymer structure from damages “TIoN & use

r occurred during the thermal history

One important answer from the industry:
SSP with extensive residence time at

Y
temperature leads to highest purity rPET, “Extensive SSP decontamination treatment leads
“necessary to keep PET circular” to a rPET quality with highest purity!”

POLYMETRIX



Superior rPET Quality with SSP Technology

Extrusion with or without soild treatment
n
VAR 4
l%

A .0
Vﬁ"“ﬂ (oMo . .E . 5: s a o.o.o.o.T T o
<4V : ege 0 ()
N0 ——: © s : =)
— Aok

wet flakes from § pellets from food grade
wash line extrusion rPET pellets

Most advanced technology offering for superior rPET quality:

Extrusion process / partial decontamination effect Long residence time SSP decontamination process
(hot spherical or cold cylindrical pellets) with stand-alone EFSA/FDA & brand owner

acceptance

Alternative offerings from vendors (short time diffusion process) leads to inferior purity):

EFSA/FDA accepted: Combined Extrusion & short residence time SSP process < 8 hrs

EFSA/FDA accepted: Extrusion with pre- & post-treatment process

POLYMETRIX




Requirements on rPET purity

Sequence of priority for rPET purity requirements:
1. Long-term circularity of PET requires the highest level rPET purity!
2. Safety precautions of brand owners require a rPET purity far above FDA / EFSA

3. FDA/ EFSA limits are minimal requirements for food safety by the authorities only

rPET purity requirements EFSA vs. Brand Owners Long SSP residence time at temperature for high purity

100 100

g 99 E 99 Erend owner ///—.—:‘ residence
> o8 E //./ / time
o 98 t1<t2<t3
c 97 2
.g E I/ / /
£ 96 s 97 / / -
o £ ---t2
.E 95 .E % ——t3
3 94 - 3] /
g s (=l

93 - 2

02 94

195 205 215
EFSA Brand owners

SSP process temperature [°C]

SSP is a diffusion controlled process.

The decontamination / purification efficiency is a function of residence time, temperature and process
conditions in the SSP reactor.

‘ POLYMETRIX



Distribution of Cleaning Efficency

Comparison of the cleaning efficiency distribution for benzophenone between
4 individual extrusion systems combined with a long residence time SSP system

4 individual extrusion systems Long residence time SSP Extrusion & SSP combined

99.0 99.2 99.5 99.6

—= 100 97.8

=,

> 90

Qo

o <

'S 8 80

= o

0 c

o2 70 -

£9

=

@ g 60 -

(&)

50 I T T 1

CLEANING EFFICENCY of CLEANING EFFICENCY of CLEANING EFFICENCY of
4 individual extrusion systems long residence time SSP combined extrusion and SSP
with different decontamination decontamination system system
performance

‘ POLYMETRIX



Cleaning efficiency : Coperion-Polymetrix

Combination Cleaning Efficiency (CE)
Coperion Extrusion & Polymetrix SSP

100

98
96
94
92
90
88

Cleaning Efficiency CE %]

Toluene Chlorbenzene Phenylcyclohexane Benzophenone Methyl stearate
W Trial4 + low CE SSP M Trial4 + high CE SSP
EFSA limit
Trial3 + low CE SSP MW Trial3 + high CE SSP

‘ POLYMETRIX



SSP adjustment within FDA/EFSA window

High flexibility via SSP adjustments according to IV drop in extrusion

and requirement of final IV within FDA/EFSA operation window

{- 17 1vdrop extrusion

v

>
s
I3
T
S

minimal SSP decontamination residence time

& minimal temperature for SSP stand-alone
FDA / EFSA acceptance

@ FDA/EFSA minimum
SSP temperatures

SSP adjustment for lower reaction rate

[ additional SS

time for highe

target IV food grade
requirements
{a} at minimal
FDA/EFSA

P residence
r IV build-up

Extrusion \

SSP decontamination residence time

IV build-up SSP

POLYMETRIX
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Magpet Polymers:
Pioneering rPET
Recycling in India

Introducing cuttingedge recyding capablities for bottle to bottle, food-grade
rPET production.

o Devendra Surana -Founder & Managing Director
Indroneel Goho - President & CEO

WE ARE SETTING UP
INDIA'S LARGEST INTEGRATED
PET RECYCLING PLANT

with state-of-the-art European technology & end-to-end
process control

() 45,000 MTPA PRODUCTION CAPACITY
) 75,000 TON C0,EQ. GHGS REDUCTION / YEAR

@ WBIDC, VIDYASAGAR INDUSTRIAL PARK
KHARAGPUR, WB

ometapet

Thinking eco-logically

INDIA'S 157
PET CIRCULAR
ENTERPRISE

Q Towards Creating
zero waste Green Jobs
0000

Low Carbon Infinite
co, Footprint @& Recycling

—
@) Circular Food Safe

(, Economy Packaging
~A o

‘tyfﬂ 05




East & North-East India’s largest PET converter;
poised to be India’s 15t PET circular entity

Key Highlights

Niche market position as India’s 1st PET Circular entity
Backward integration into manufacturing of recycled PET (rPET) flakes and rPET pellets to
establish the company as India’s first bottle-to-bottle PET converter

)acrer
Your Best Bet for PET e Market dominance

#1 PET converter in East & North-East India. It commands over 30% market share with an

installed capacity of ~50,000 MTPA in these regions

Established base of coveted clients across industries

Supplier to leading FMCG companies such as Bisleri, Adani, Emami, Dabur, IRCTC, Diageo,
etc. Recently added world’'s most valued* global soft-drinks company, Coca-Cola, and one
of India’s largest B2C brands, Reliance Retail, to its client list

Posting exponential growth

Posted 3-Year Revenue CAGR of ~28%

Led by visionary promoters with an experience of 40+ years in the plastic packaging
industry who are supported by a team of highly qualified and skilled professionals having
long standing association with the company

Market dominance
Marque clientele
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Robust financial performance
Experienced execution team

Strong industry tailwinds for rPET

rPET offers an attractive opportunity following constructive actions taken by all the
stakeholders including Governments, industry, and consumers, etc. to move towards

Strong industry tailwinds for rPET

recyclability

Source: Company management
Strictly Private and Confidential



India’s Largest Integrated

Integrated Recycling

Facility

1

2

3

Location

Vidyasagar Industrial Park, Kharagpur, Bengal

Capacity

45,000 metric tons annually

Innovation

Closed-loop PET bottle-to-bottle recycling

European Technology
Partners

1t German Washing
Line in India

Goperion

15t Twin-Screw
5.5 MITPH Extruder in India

: i POLYMETRIX

15t5.5 MTPH SSP in India



PLASTIC
BOTTLES
ONLY

v
hacrer
Smart-Rebiki

SHRACHI SPORTS ENCOURAGES  SHRACHI SPORTS ENCOURAGES
YOUTO RECYCLE PLASTIC YOU TO RECYCLE PLASTIC

BE A GREEN ¥] BE A GREEN
e AMBASSADOR AMBASSADOR
J-iag & WIN GIFTSI J- IR 8 WINGIFTS|

TIMETO
o= UR

RECYCLE
° PLASTIC #ECOREVIVE

REVIVE
EARTH

Social Inclusion Model

Waste Pickers Supported

10,000+

Region Covered

Bengal and East/Northeast India

India

Impact

* Improved livelihoods & waste
waste collection

* Community Impact

* Promoting Circular Economy in
Economy in the region

* Reducing plastic waste

* Creating employment

opportunities




This significant investment

underscores the international
recognition of Magpet's innovative
approach to PET recycling and its
potential impact on sustainability in

India.

British International
Investment

Investment Amount

USD 24 Million

Purpose

Funding Magpet's innovative recycling initiative

Impact
Facilitate growth & expansion of Magpet in India

Accelerating sustainable recycling in India.

=

British
International
Investment



ometapet

Thinking eco-logically

LIFE CYCLE OF APET BOTTLE

4
g = Thank You

NEW BOTTLE SEPARATION

TRANSPORTATION







- (coperion

Coperion Full-Scale
Turnkey Systems

Miguel Teran
Sales Manager Compounding Plants




herbold

| Goperion

Coperion Full Scale Turnkey Systems

Coperion Full-Scale Turnkey Systems

Recycled material Raw Material Feeding &
pre-processing Handling Refill Systen;
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Plant Conception — Basic Considerations HERDOI] coperion

art

Bala ce fazard CondltlonsQ \©

B i @@‘@g ctrlcal
> & piping % rumentation
specification @@ specification

Analysis of customer o Definition Materi
Process core definition

requirements Handling

Preliminary System

Layout & pipe routing Pneumatic calculation

Building &
Infrastructure footprint

Slte t and Investment Budget +/-
@ tlon concept . %

~time schedule

Q@ Conceptual Study

ogether with with documents package
* Process Flow chart

n. But we are as well
* Plant layout

up with our customer@r their consultants / contractors * Equipment, piping & utilities specification
« Automation concept
and share the scope of the conceptual study. We can provide essential « Technical description

» Execution concept & time schedule
* Budgetary assumption of the investment
volume
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System Integration - Basics

The Perfect Plant Concept — Requirements to be brought in balance

Local Labour

Building Services w
frastructure Constrai t@
s arsged |
’ | B i v
l I~ m QMne tal Regulations
N b
° Package Units Time Schedule

Construction Management

Site Facilities, Storage
Process Requirements at Ste

Layout Requirements O 9

Lerbold Goperion

VO

<< omprehensive knowledge of the

process and all other project
aspects builds the basis for the
optimum plant concept and the
best realization strategy for the

project.
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Decreasing cost saving potential during project lifetime
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Conceptual
study




Turnkey Processing Plants lekbold ~ (coperion

Complete Compounding Plant in KSA, incl. demolition and utilities

‘ﬁ Q‘

\\c‘t‘\\

\ 7 3 ¥ Integration of a compounding plant with touy
;"1_.;,:’\"\,);7 ! : ‘ 1

extrusion lines in an existing builcing

v' Extruders incl. LIW feeders and pre-hoppers as
miodularized system

v Raw and finisired Product storage & Handling
v' Packing and Palletizing
v Demolition of old facilities

v" Piling, foundations, steel structures, building
modifications and all other required civil works

v" Utilities generation and distribution system

v" All other services and supplies to build a
complete plant.
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Turnkey Processing Plants

Complete Compounding Plant in Europe, incl. building with partner

v' Compounding Plant on Green Field

v" Production building

v’ Office / maintenance complex oAt e Bk
: o : - fACUBER:
v Warehouse incl. logistic office )3 e E B
e . H - 7
v Roads, parking and other open areas o IEAE _E
g - =
v" Piling, foundations, steel structures, and all By fgﬁ ij#jt[l Hj ﬁé I
other required civil works CEaE ﬂ-} B TRt y
=" F [lIHE T 113 E?: : j : 3

" Utilities generation and distribution system

v" All other services and supplies to build a
complete plant.




Turnkey Processing Plants

Compounding plant for PA/PBT in Asia, regular customer

Lerbold  (coperion

RM Handiing (truck unioading, silos, BB stations, pipzing &
conveying)

Mixing stations / feeding systems / extruders

Pelletizing systems, ciassifier, spiral conveyor

Finished good handling (conveying, silos, cleaning system)
Packaging lines for bag and BB

Steel structures (430 tons) and piping systems (7,6 km)

Auxiliaries (water treatment, cleaning oven, dry and wet
aspiration)

Entire control system with hard- & software and cables (78 km)

Site management and supervision by
multiple Coperion sites



Turnkey Processing Plants Liglald coperion

Two extrusion lines for Middle East, modular

v' Modularized systems

v" Delivery in several containers

v' Each line as a plug and play system

v" Pre-commissioning (until ready for

start-up) in Coperion premises



Summary and Essence Lerbold  (coperion

/AN

Goperion is the ONLY worldwide supplier that designs and prcduces the core
equipment for the complete prccess chain by itself.

R N N
QEOPGI‘IOH offers a unique experience in both process and material handling know how

AN~ N\ — A\

Our customers benefit from our added value:

Design and executicn of an entire process plant is a cornplex exercise. Our detailed knowledge of the
complete process chain arid experience in proviging numerous production lines, enables us to provide
the right process solution. Our deep urderstanding of everything which is around the plant's process
core enabies us to develop, whilst balancing and harmonizing all required disciplines, for the perfect

overall soiution of your plant.

hat the experience of Coperion stands for.
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Miguel Teran
Sales Manager Compounding Plants



Professional Customer
Service

Georg Vogele

Sales / Key Account Manager | Coperion
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Coperion and Herbold Meckesheim —
Global Service Network
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Services, Products and Portfolio
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Discussion & Questions

Goperion



Services, Products and Portfolio lRbold ~ (coperion

Full-service provider

Planning

Green - / brown
field D
esign,

Idea, need / Specification —

requirement Turn-key
De-commissioning h
replace or dispose Procur: l;ulld

manufacture

Installation,
Commissioning,
Training

Optimization,

Operate, maintain +
improvements

monitor performance -
R&D Spare parts

Monitoring / warning -

product safety & liability
(law), state of the art



Services, Products and Portfolio AERbold (coperion

Service Agreements — Customized Offering

ReCVCIing Pla nts Preventive Predi:@; CO(?/
Inspection A ( \ (
Functional | /\/ ) \ \ \
Vibration Measurement (Gearboxes) ¥ \ ‘ (.;, \
Wear measurement / f\.;.\ \'_, \/
Maintenance / s I~ \)
Supervision of repairs /\//-\ \ \ N ¥
Functional test \ K \ ) 7 IS
Startup support \ \ S | ~ @7 MU.;,
Remote Support— | | ) | \ N\ W
/) Fastl ne/rﬁn_ﬁéte s\t(pp&*tvéé(t/résion &Cgﬁveying) @O @k@ ) |
// Diaghosi& and mybksfrroot : A A\ ] ¥
( \ Remét\e Access/eéntrol and support @U i ¥ ¥
\p&Beyond 14.0
\ \Qasic (OEE, Downtime tracking, Data monitoring) W
PHJ\S\{BQiC We mapggement, Sustain app) W




Services, Products and Portfolio Higbold  (coperion

Services, special programs — Customized Offering

\

are PAr> B
ztalogue “
—

Spare part lists / MyCoperion; MyHerbold SERV |a

/,‘

0</ offer
1\

' Tracking m gg
m: MyCoperIO {% Manuals
o 3

N v r"\ =,

‘ TJ raml.:
W\ QU

Gveral) benefits:

Screw shaft exchange program

_'/

Gear box and barrel, pool exchange program

Service packages

Sustainability and energy saving

Transparent, projectable costs and cost savings

v
/);f"— o - J( \ v Increasing availability and reliability of machine train
' ; v" Increase safety (process and production)
v

Reduce downtimes and unforeseen production losses and
emergency

Predictive and preventive / condition-based maintenance
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Discussion & Questions
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Thank you!

Georg Vogele
Sales / Key Account Manager | Coperion
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C-BEYOND

How to Boost Productivity and
Efficiency with Digital Solutions

Tanja Karrer Markus Schmudde
Automation & Control | Coperion Head of R&D | Coperion
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More Efficiency Based on Data (coperion

INSIGHTS > Overview
Select Dashboard
Recycling Innovation Center h
/\

KX ZSK 58 RIC New )] | zsk 58 RIC New ,z/smamc New
Overall OEE 20549477
= . Availability Machine State
Overall OEE 2% W
o Cj- Performance

0.8% B | Individual dashboards
—  Quality
=¥ 100.0%

@ Active Power K @@ fOr eaCh User r0|e

@ Reactive F'ower |
©@ Management or

Evaluated ForCurEDm m v/ Evaluated ForCl.Jrrt—:-nt\Qan,tr Evaluated For teChnlcaI focused
/ \ N /‘\ & 5 U - -
?sm;smc ew \\_/ \/@ 25K53R|¢§ ® information
2054

@ rive Speed Actual
y Lowest effort for

data sampling

2024-10-114:44:21

28241080 02:44:21

‘| Previous

Evaluated For Last 12 Hours
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Data Collection

From field level to cloud

™1 -BEYOND
Machine Machine control OPC UA Server Remote C-Beyond '\(\
Field level (HMI, PLC) OPC 40084 Coniiection HOT
DR \ / %

Evaluated data Provide new, calculated signals from existing ones
(e.g. energy consumption, machine states, etc.)
Integration of additional measurement technology,

e.g. for condition monitoring



Downtime-Tracking herbold ~ (coperion

Full visibility into your machine's performance ‘
[\

. _— _ -BEYOND
(coperion  zskssric New v alﬂ e ® shi
[0}

— ‘ Track downtime of
‘
<

im

the plant
— Top level view
8 hours ago rrent Shi 0 hou>

— Detailed analytics

< Maintenance

K Machine states detected
" (A

by control system
automatically

Past Job s Current Job ® System Kssigned signed @ Running ® Ungésigned

Root causes can be
assigned individually

@ Sstartbereit (42.55%)
@ Standby (36.33%)

Ly B Operators are actively

@ Fehifunktion (8.67%) 149h:40m:08s
i 122h:35m:26s

=yl W - - — participating in the
] ; - tracking process

e Y ae® o o0
5‘36“‘:‘3,,5\ Eary \logoe‘“(l-m w‘\(\\f* @ \)93559\.5-\9\ W'
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Equipment Effectiveness lezbald -+ (coperion

All KPI's at a glance ‘
[\

ES RIC ZSK 58 RIC ZSK 58 -BEYOND

Overall OEE
Availability Machine State

Overall OEE 375%  I— 00 05:43:00 Automated

18.4% i - evaluation of mosi
' Quality important KPI's for

proauction

100.0% I
effectiveness

Minutes

Evaluated For Current Day

Mean time to repair and

Meantime between
failure based on
downtime tracking

Downtime (hours)  &4.65 hours
u =
# failures &6 failures

=0.98 hours




Data Based Process Monitoring

Al algorithm trained on machine data

Realtime process evaluation

 Analyzing multiple signals in realtime

 Classifying of anomalies by a trained
algorithm into different categories

Lerbold Goperion

-BEYOND

Indicates process stability and product quality
Quick reaction to process deviations to avoid
waste

Automated machine actions, like ernargency stop
to prevent breakdowns




Energy Monitoring — Why Is It Important? lezbald -+ (coperion

-BEYOND

The price of emissions allowances in the EU and UK

Cost per tonne of carbon dioxide produced (in £ or €)

Europe (€ per tonne) VL E¢TT 1 T5))

CO: prices are increasing
significantly

An increasing number of
countries introduce CO:
taxes or emission trading
systems

More and more countries
give a financial bonus for
energy saving

01-Jan-23

gl); due to licersing this data is not available for download
rreprices (Decemler contract)




Energy Monitoring legbold ~ (coperion

Optimize your processes for optimal performance

-BEYOND

£ Plant page Linie 1

Total Energy Consumption Trend Line Breakout Energy Gonsumjption
1400 1600
#338.08 kwh

Electricity 3,831kWh

e Power

Al
I eactive Power
“ /4\ g For Current Day
=\

Electricity:100.0%
n m : «
2024-09-18 24-09-19 \2024—09-20 \2024—09—21 )2024—09-22/ 2024-09-23 2024-09-24 2024-09-24 0 mm .7 m N
>

> T Measure, calculate and

elta 16.5g/kg

@@ WO\ o report KPl numbers

Validate consumption

TempZoneO3PowserConsumptionD

er Unit Sita

0.0MT 31g/kg

h TempZoneO4PowerConsumptionD 1!8% 01MT 555l tre n d S Ove r ti m e

elta

Total SEI TempZoneOSPohlterConsumptionD +76% 01MT 62g/kg m a ke effi C i e nt u Se Of

elta

~
TempZone0O6PowerConsumptionD

ErayPerUnit 0,27 ks s o oomr resources and reduce
TempZoneO7PowerConsumptionD C O S ts

elta 79.3kWh 0% 0.0MT 25g/kg

793kWh 0% 0.0MT 2.5g/kg

119.3 gtkg o T | TempZoneO8PAwerConsumption
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Tanja Karrer Markus Schmudde
Automation & Control | Coperion Head of R&D | Coperion




erRbold

The content of this document is proprietary a
information of Coperion. This document, all contributions and
illustrations contained are protected by copyright. Any use there
of beyond the scope of the copyright without editor’s prior
written consent is illegal and will be prosecuted.



	Library
	Folie 1
	Folie 2: Recycling Days Day 2

	Guideline
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7: Plastics in Circular Economy - Requirements and Challenges 
	Folie 8: Plastics in circular economy - requirements and challenges
	Folie 9: Overview
	Folie 10: Technical Universities in Switzerland
	Folie 11: Competences at IWK
	Folie 12: Circular economy
	Folie 13: The footprint of Switzerland exceeds ecological limits
	Folie 14: Why circular economy?
	Folie 15: Current situation - Problem!
	Folie 16: Current situation - Problem!
	Folie 17: Our current value creation model
	Folie 18: The solution is a new approach of thinking
	Folie 19: Why circular economy?
	Folie 20: Future: Creation and preservation of value. 
	Folie 21: Circular economy
	Folie 22: Circular economy
	Folie 23: Circular economy –  various paths possible
	Folie 24: Environmental assessment – making sustainability measurable
	Folie 25: Environmental assessment – making sustainability measurable
	Folie 26: Project examples
	Folie 27: From old skiboots to iphone cases
	Folie 28: Ocean Bound Plastics Recycling
	Folie 29: Ocean Bound Plastics
	Folie 30: Solaris - Evian – Iris van Herpen Project
	Folie 31: In-line Extrusion of sticks Recycling of packaging materials
	Folie 32: Recycling of 3D Printed concrete formworks together with ETH Zürich
	Folie 33
	Folie 34: Thank you very much for your attention
	Folie 35
	Folie 36: Material Handling, Deodorization and Degassing State of the Art and Solutions for Recycling Applications 
	Folie 37: Core recycling equipment
	Folie 38
	Folie 39: Coperion FLUIDLIFT ecodry
	Folie 40: Coperion FLUIDLIFT ecodry
	Folie 41
	Folie 42: ARW System
	Folie 43: ARW System
	Folie 44
	Folie 45: Coperion Deodorization
	Folie 46: Coperion Deodorization
	Folie 47: Coperion Deodorization
	Folie 48: Coperion Deodorization
	Folie 49: Coperion Deodorization
	Folie 50: Coperion Deodorization
	Folie 51: Coperion Deodorization
	Folie 52: Coperion Deodorization
	Folie 53: Recap
	Folie 54

	Library
	Folie 55
	Folie 56: Application Deep Dive:  Highest Quality in Flexible Film Recycling with Coperion Recycling Technology 
	Folie 57: Suez Plastic Recycling
	Folie 58: Summary
	Folie 59
	Folie 60
	Folie 61: 2.
	Folie 62
	Folie 63: 3.
	Folie 64
	Folie 65: 4.
	Folie 66
	Folie 67
	Folie 68
	Folie 69
	Folie 70: Application Deep Dive:  Highest Quality in Flexible Film Recycling with Coperion Recycling Technology 

	Library
	Folie 71: Challenges for film recycling
	Folie 72: Focus on: QUALITY
	Folie 73: Challenges for film recycling
	Folie 74: Challenges for film recycling
	Folie 75: Focus on: QUALITY
	Folie 76: Challenges for film recycling
	Folie 77: Challenges for film recycling
	Folie 78: Focus on: QUALITY
	Folie 79: Focus on: QUALITY
	Folie 80: Focus on: QUALITY
	Folie 81: Focus on: QUALITY
	Folie 82: Focus on: QUALITY
	Folie 83: Focus on: QUALITY
	Folie 84: Focus on: QUALITY
	Folie 85: Challenges for film recycling
	Folie 86: Challenges for film recycling
	Folie 87: Focus on: QUALITY
	Folie 88: Focus on: QUALITY
	Folie 89: Focus on: HANDLING
	Folie 90: Focus on: HANDLING
	Folie 91: Focus on: HANDLING
	Folie 92: Summary
	Folie 93
	Folie 94
	Folie 95: Appliction Deep Dive: Twin Screw Extrusion and Polymetrix SSP Decontamination Technology for rPET 
	Folie 96: Coperion Recycling PET unique selling points
	Folie 97: Challenges for PET recycling
	Folie 98: Challenges for PET recycling
	Folie 99
	Folie 100
	Folie 101: Challenges for PET recycling
	Folie 102: Challenges for PET recycling
	Folie 103: Mechanical recycling of PET
	Folie 104: Mechanical recycling of PET 
	Folie 106: Mechanical Recycling of PET
	Folie 107: Challenges for PET recycling
	Folie 108: Mechanical Recycling of PET 
	Folie 109
	Folie 110
	Folie 111: Melting and Degassing of PET – Pellets (iV = 0,84 dl/g)  
	Folie 112: Melting and Degassing of PET – Pellets (iV = 0,84 dl/g)  
	Folie 113: Recycling of PET Film and Bottle Flakes 
	Folie 114: Challenges for PET recycling
	Folie 115: Challenges for PET recycling
	Folie 116: Mechanical Recycling of PET 
	Folie 117: PET plants
	Folie 118: Herbold – Coperion – Polymetrix
	Folie 119
	Folie 120
	Folie 121: Food Grade rPET plant 5500 kg/h output
	Folie 122: Why SSP Decontamination for rPET ? SSP – Solid State Polycondensation (Festphasen Nachkondensation)
	Folie 123: Superior rPET Quality with SSP Technology
	Folie 124: Requirements on rPET purity 
	Folie 125: Distribution of Cleaning Efficency
	Folie 126: Cleaning efficiency : Coperion-Polymetrix 
	Folie 127: SSP adjustment within FDA/EFSA window
	Folie 128:                   Thank You for Your Attention!
	Folie 129
	Folie 130
	Folie 131
	Folie 132
	Folie 133
	Folie 134
	Folie 135
	Folie 136
	Folie 137: Coperion Full-Scale Turnkey Systems 
	Folie 138: Coperion Full Scale Turnkey Systems
	Folie 139: Plant Conception – Basic Considerations
	Folie 140: Typical Documentation  
	Folie 141: System Integration - Basics
	Folie 142: System Integration - Basics
	Folie 143: Turnkey Processing Plants 
	Folie 144: Turnkey Processing Plants
	Folie 145: Turnkey Processing Plants 
	Folie 146: Turnkey Processing Plants 
	Folie 147: Summary and Essence 
	Folie 148: Thank you!
	Folie 149
	Folie 150
	Folie 151
	Folie 152: Services, Products and Portfolio
	Folie 153: Services, Products and Portfolio
	Folie 154: Services, Products and Portfolio
	Folie 155
	Folie 156: Discussion & Questions
	Folie 157: Thank you!

	Library
	Folie 158: C-BEYOND How to Boost Productivity and Efficiency with Digital Solutions
	Folie 159
	Folie 160: More Efficiency Based on Data
	Folie 161: Data Collection
	Folie 162: Downtime-Tracking
	Folie 163: Equipment Effectiveness
	Folie 164: Data Based Process Monitoring
	Folie 165: Energy Monitoring – Why Is It Important?
	Folie 166: Energy Monitoring
	Folie 167: Thank you!
	Folie 168


