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TECHN|SC|T!E
g AT AVERAGE LIFESPAN OF SELECTED PLASTIC
PRODUCTS, BY TYPE , WORLDWIDE, 2024,

Motivation for circular SOURCE STATISTA 2026
economy

35

30

M Plastics Production

n, 10%is recycled worldwide and .
L O 24% in the EU (Packaging 42%) i

%% The focus is on packaging \/ :

Packaging (31%) (EU 40%) - . :
‘. Construction (16%) (EU 20%) M ’ Packaging Consumer Textiles Electrical/electronicTransportation Industrial Construction

13

. o products machinery
Ve h |C | ES ( 14 A)) Source Statista
Y) ) https://www.undp.org/chemicals-waste/our-work-areas/plastic-pollution
CO n S u m e r go O d S ( 1 1 A) https://plasticseurope.org/wp-content/uploads/2026/05/Circular-Economy-Report-2026-full-report.pdf?utm_campaign=406326506-

Circular%20Economy%20Report%202026&utm_source=dedicated_page&utm_medium=dedicated_page
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Global Plastic Flow

Manufacturing of

TECHNISCHE

plastic products
412 Mio. t

Anteil .
90% | eingesetzter Plastic product

Rezyklate consumption
407 Mio. t

Production

414 Mio. t

Plastic Waste
300 Mio. t

umweltgerecht
entsorgt

S I
12% ammelquote 71%

fil R li
Kunststoffrecycling tir das Recycling
37 Mio. t 17%

Plastic waste collected

Recyclingrate

Incineration 64 Mio. t

Anteil fehlbewirtschafteter
Kunststoffabfille

for recycling 51 Mio. t

Bild 1. Der globale Kunststoffkreislauf mit Daten aus dem Jahr 2023, Cuelle Conversio Market & Strategy, © Grafik: Hanser
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TECHNISCHE ] Global plastics production by polymer
UNIVERSITAT RecyC| INg

WIEN Mﬁ:gig::gw Mechanically Bio-based &
{pre-consumer) recycled bio-attributed
m Global Production: 414M t (374M t fossil-based). Other ' a1 (poat-coosimnae) 0.6
] thermoplastics ~ 8.9«
m Annual Waste: 300M t post-consumer (+20% since 6.7
2018). S
m Environmentally Sound (71% / 212M t): Landfill S %
(33%), energy recovery (21%), recycling (17%).
= Mismanaged (29% / 87M t): Littered or openly
burned. 459'3Mt
In 2024
m The 12% Gap Sorting Loss: 51M t collected - only foy
37M t actually recycled. pET —~—
PE-LD, -LLD
m Stagnation: Recycled content in global production 2.8% 13.1=
stuck at 9%. PE-HD, ~MD e
m plastic recycling rates have to be increased across the 1.3% 12.0%
EU by 2040. PPWR: Non-PET bOttIeS: 65% ContaCt- HTTPS://PLASTICSEUROPE.ORG/WP-CONTENT/UPLOADS/2026/05/CIRCULAR-ECONOMY-REPORT-2026-FULL-
se n5i t/ ve paCkaging . 50% ( EXC/ Uding Single -use 5ERPC%'TI_&;aZBEE%N%AAB\IAYE’z;ggEg(gfg'%%ggz-OZG&UTM_SOURCE=DEDICATED_PAGE&UTM_MEDIUM=DEDICATED_PAGE

beverage bOttIES) WO STEHT DIE WELT BEIM KUNSTSTOFFRECYCLING KU 12 2025
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EEE

Automotive

Applications and
TECHNISCHE = Household Products @ﬂ
universiTat - Re cyc lin g ol P oo

WIEN Agriculture 6 —

EEE

2024 recycling capacities: \ 255 ouscho
PET 3300 kt, Rigid PP 1800 kt [SE_G—_—-

and PE-HD 1750 kt

HDPE
APPLICATIONS

6700

Building

ind Contruction
£
° 37%
b
3

C&l
q @y
Transport
Packaging
@Transmrt
Packaging
.'lEr{?;.Tf Use of PE-HD and PP in rigid packaging

7 4
35 Agriculture
Furniture

&
&
z

&
]

kt )

62%

PP C&I Packaging

APPLICATIONS
6600

Other

TOTAL
13500 kt

Household
Products

2022: 5000 kt of PET in packaging (bottles, sheet (trays), and flexibles)
placed on the European market. Of this, 3000 kt were collected, bringing

the collection rate to 60%. Almost 2700 kt of collected PET waste was
W POFilms | PET [ PP 7 HDPE sorted for recycling. The sorted for recycling rate in total was 54%. The
M PVC | Mixed plastics W ELV-WEEE plastics W PS/EPS sorted for recycling rate for beverage bottles was 75%.

https://www.plasticsrecyclers.eu/wp-content/uploads/2025/11/Statistics_2025_Final.pdf
HTTPS://WWW.PLASTICSRECYCLERS.EU/WP-CONTENT/UPLOADS/2022/10/HDPE-PP-MARKET-IN-

MAT-DAY 26 VM Archodoulaki
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ONVERSITAT 4= GREEN
WIEN DA TN DEAL

-,
L

Ambitious goals with the PPWR 2025/40
By 2025 (%) By 2030 (%)
All packaging 65 70
Plastic 50 95
Wood 25 30
Ferrous metals 70 80
Aluminium 50 60
Glass 70 75
Paper and cardboard 75 85

https://eur-lex.europa.eu/legal-content/DE/ALL/?uri=oj:L_202500040
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The potential of Deposit Refund Systems

TECHNISCHE
Un g Main findings: ) h Main findings:
WI * DRS helps producers comply with the = Substantial costs, generally shared amongst
plastic packaging waste legislation and stakeholders, more often borne by retailers. g e
\_ EPR principle. J * High investment costs, operational costs * Positive AspeCts
g Future research needs: ™ / financed by the systeml itself in form of fees ° High return rates
» Deeper knowledge of interactions and material value. . .
between regulations within a country’s * Relation among deposit value, public * Reduced litteri ng
L WM strategies. ) Regulstory Econormic awarengss_and number of retur_n locations key . .
. ' \ indicator for DRS effectiveness. _/ Hi g h pu rlty.
g oo g ™ - DEpﬁHiL Future research needs; ° PUbllc SLIppOl't
D . Main ﬁndmg?. /l. {‘ * Economic benefits and scalability of
LIJ * 525'::;;2;“;::;’;:” :;::;;:5 { .’:{:J ‘3 decentralised recyclable material sorting
S ' rer * Ways to standardise DRS across EU i
(- dgcuntamlnah?n eﬁurtsﬂus ( | Refund countries, to create a better market value Negative Aspects
O = ":._ bl |t il e for secondary raw material * Rebound effect:
Future research needs: \_,r" Technical \ ) Environmentale~ Displaces reusable
GJ O + Specific studies addressing PET @ Systems _.*;‘—‘{. ———— -, .
—_— S beverage bottles from DRSs. S 7 . ~ Main findings (refillable) systems.
* Mo studies in EU countries where DRS
O ® is operational * High infrastructure
m e * Transportation main emissions source )
'CL) 4 Main findings: h r/""* Social « . : d. N costs .
ONNe) *_Certain demographics (gender, |/ \ . Comprehensive sustamabiiey | © SiMall business
£ m |G(.‘3‘|.'|Dn}lnﬂU'EI_1CE adoption of DR5s 4 Future research needs: q\\l assessment of DRSs in key burden
in EU. _ * Deeper understanding of different social factors countries
I_ _I * DRSas a source of income for (ethnicity, gender, cultural behaviour, etc.) in « High-grade recycled vs virgin ° No waste reduction
informal collectors and as driver for relation with DRSs. PET in beverage bottles
p new jobs. « Definition of parameters that promote equitable AN J/

participation to sustainable WM practices. ./

C PICUNO, S GERASSIMIDOU, W YOU, O MARTIN, E IACOVIDOU, THE POTENTIAL OF DEPOSIT REFUND SYSTEMS IN CLOSING THE PLASTIC BEVERAGE BOTTLE LOOP: A REVIEW,
RESOURCES, CONSERVATION AND RECYCLING, VOLUME 212, 2025, 107962, HTTPS://DOI.ORG/10.1016/J.RESCONREC.2024.107962.
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wevscie The Role of EU Legislation

UNIVERSITAT Key Enforcement
WIEN Date Regulation  Milestone Business Impact
m The Waste Shipment Regulation
( EU ) 2024 / 1157 May 21, WSR (EU Mandatory Digital Paper-based transit notifications are
2026 2024/M57) Tracking (DIWASS) banned; all cross-border waste shipments

m EU-wide end-of-waste criteria for
plastic waste: European
Commission initiative Mid / Late EoW Plastic

within the EU must be logged digitally.

Official Legal The European Commission formally
m The European Commission is 2026 Initiative Adoption publishes the harmonized technical criteria,
proposing new criteria to defining the legal boundary between waste
determine the point when plastic and product.
waste is no longer considered as
o i November WSR (EU Global Plastic Total ban on plastic waste exports to non-
waste when it is used in the . e |
manufacture of new 800 ds. At this 21, 2026 2024/1157) Export Ban OECD nations; strict independent audits
point it is no Ionger covered by become mandatory for approved OECD
. . exports.
European Union (EU) plastic waste
Ibegli]latllzoni andl m_SteadIIS covered Late 2027 EoW Plastic Full Practice Transition period ends. Recyclers must
y the U egislation relevant to Initiative Enforcement implement certified Quality Management
the new manufactured gOOdS and Systems (QMS) to issue official Declarations
associated processes of Conformity.
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https://environment.ec.europa.eu/topics/waste-and-recycling/waste-shipments_en
https://environment.ec.europa.eu/topics/waste-and-recycling/waste-shipments_en
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/14848-Plastic-waste-EU-wide-end-of-waste-criteria_en
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https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/14848-Plastic-waste-EU-wide-end-of-waste-criteria_en
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/14848-Plastic-waste-EU-wide-end-of-waste-criteria_en
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/14848-Plastic-waste-EU-wide-end-of-waste-criteria_en
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/14848-Plastic-waste-EU-wide-end-of-waste-criteria_en
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/14848-Plastic-waste-EU-wide-end-of-waste-criteria_en

Shifting the Recycling Value Chain: From Local

TECHNISCHE

uversiir - VWaste to Free Market Commodity

WIEN

How WSR and End-of-Waste Criteria Force Local Processing to Enable Seamless EU Logistics

m Enforced Local Pre-Processing: Because raw and sorted plastic waste faces strict export bans and heavy
intra-EU bureaucracy under the WSR, the initial recycling steps—washing, shredding, and compounding—
must now take place locally near the source of generation.

The "End-of-Waste" Escape Hatch: The new harmonized EoW criteria act as the legal mechanism to lift the
restrictive "waste" label. Once local recyclers transform the material into compliant regranulates, it officially
transitions into a standard product.

Frictionless Intra-EU Logistics: Upon achieving product status, the regranulate is completely exempt from
complex waste shipment notifications, allowing it to be transported as conveniently and freely as virgin
plastic across all member states.

The Political Objective: The EU is cutting off the export of low-quality waste to keep valuable secondary
resources, green investments, and industrial processing capacity inside the European circular economy.

Essentially, the EU is using a 'carrot and stick' approach to reshape the industry. The stick is the
Waste Shipment Regulation (WSR), which cuts off cheap exports and imposes heavy bureaucracy
on raw waste transport. The carrot is the End-of-Waste (EoW) criteria, which rewards high-quality
local recycling with completely friction-free logistics across the EU.

MAT-DAY 26 VM Archodoulaki 9
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S The New EU End-of-Life Vehicles Requlation
M UNIVERSITAT (ELVR)

WIEN

m Replaces the old 2000 directive - Now applies directly and uniformly across all EU
member states (no national transposition needed).

m Recycled Content Mandates (Circular Economy):
m Plastics: Minimum 15% recycled content by approx. 2032 (rising to 25% by 2036).
m Closed-Loop: 20% of that recycled plastic must originate directly from end-of-life vehicles.

m Design for Circularity:
m Vehicles must be engineered for easier dismantling and component removal.
m Mandatory digital Circular Vehicle Passport (by 2032) for full material transparency.

m Extended Producer Responsibility (EPR): Automakers must cover the costs for collection
and complete waste treatment of end-of-life vehicles.

m Crackdown on lllegal Exports:
m Strict, EU-wide criteria to clearly distinguish between a "used car" and "waste".
m Export ban on non-roadworthy scrap cars starting in 2031.

[ ] .
Xpanaedg DPpe. A UJd]l eEXDANSIoN TOo IN 10 E JCK DUISE AN MOtTQO




s ClaSSification of material as a by-product or
UNIVERSITAT ywasSte

WIEN

il Production (Process
A for Product A
¥ Di | 8
: ISpOosal measures
Purge lumps Production 3 KrWG, Definition 1
residues Waste disposal)
Anfahrkuchen

Production
waste

By-product (§ 4 Processing exceeding a
Kr'WG) "normal industrial scale

Recovery/Processing meas
Definition 2 Waste recove

3KrWG: While Definition 1 regulates disposal/landfilling,
Definition 2 in the Act defines recovery.

The core of the definition: A process is legally considered T ieTon P
recovery if the waste serves a meaningful purpose within the B for Product B
economy. It must either replace other materials (which would
otherwise have to be newly produced) or be processed in such
a way that it can fulfill this purpose again.

PIR Post-Industrial PCR Post-Consumer
Recyclate Recyclate

UHRSPRUNGLICHE GRAFIK AUS: REZYKLAT, DEFINITIONEN, REGELUNGEN UND FALLBEISPIELE KU 5/2026
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Polymers Products
TECHNISCHE C losed Loop? ff,m‘m RN

" / Cleaning “\,
UNIVERSITAT ik PCR /bR / \‘
WIEN Virgin h Reuse

Monomers
: : feedstock o
Steel Cans are shredded. Coatings or tin layers are removed. The steel eedstoc o~ Mechanical | {ﬁ Use
recycling |

scrap goes to steelworks, where it is melted down and cast into new steel. Gases, fuels, J
Waxes  Chemical f-?x i S
In 2019, 71% of all aluminium beverage cans put on the market &@ processes E —
were recycled —33% back into cans and 38% into other end-uses. Thermal ———
- recovery ‘ PCR: Post consumer recyclates
Recycled Paper for Food Packaging > PIR: Post industrial recyclates
Safety First: Strict chemical testing (MOSH, MOAH, PAHs) means most
packaging uses a blend of recycled and virgin materials. Can-to-can 317% EU
Dry Foods: Approved recycled paper is allowed. =
Moist/Fatty Foods: Requires functional barriers (coatings) or pure virgin fibers. 33% ()
38% OF CANS PLACED ON THE MARKET ARE RECYCLED 1.7 millon tonnes 20% 7%
INTO PRODUCTS OTHER THAN CANS 140 billion cans S FPR—
820/0 e Can Glass PET
SteelPackaging F ' optarmuirier oroipet v ﬁj " 1% OVERVIEW OF MAJOR RECYCLING TECHNOLOGIES , C. HOPMANN, R.
i i 243 8 million aluminium engine blocl H H 56,000 tonnes recycled s s i , -
Emhem ¢ _— e, AR KRG HASTES oostn
[ 90 -100% ! £ A 9% ] ) https://www.recyclingtoday.com/news/steel-packaging-highest-
-53:2:;6 # d ?;r;;rz:r:?:':nm:ﬁrﬂﬁ . tonn?s.OF cans  f. recycling-rate-on-record
i 6o - 70% s Y e howing, bobony amloeares D P 160 pillien e e e e https://www.verbraucherservice-
[l 50 - 60% 0" grohe (a\.gckg;p;m; B e heods (avg. 15kg/hood) bayern.de/themen/umwelt/lebensmittelverpackungen-ist-papier-
B <50% W p o umweltfreundlicher-als-plastik
i b oo ©_.° 3000 tpnasracyeedinto bebing s . | @ % 2 ot deenidetion haniniem o HTTPS:/INTERNATIONAL-ALUMINIUM.ORG/WP-
;:::mtestofﬁcialdata = b S 10 milli’on m’ofalumin;::r: claddingatsr:i thicknefs. i E ;l:’:lnpmdu:;n m:‘:llher::-r:r:;:;::;nu:u CONTENT/UPLOADS/2025/09/CAN-TO-CAN-RECYCLING-FACTSHEET-

Austria, Bulgaria. Croatia, Denmark. Germany.
Hungary, Ireland, Latvia, Malta, Nethertands,

R, Postsont Soveide. Skoeenls L( = : N Data is derived from Universily of Tokyo and the 1Al project
: t back into cans, 38% go into other uses, and 29% are not “A Circularily Case for Aluminium Compared with Glass and

recycled and lost to the aluminium value chain. Plastic (PET)".


https://www.hanser-elibrary.com/doi/abs/10.3139/9781569908570.007
https://www.verbraucherservice-bayern.de/themen/umwelt/lebensmittelverpackungen-ist-papier-umweltfreundlicher-als-plastik
https://www.verbraucherservice-bayern.de/themen/umwelt/lebensmittelverpackungen-ist-papier-umweltfreundlicher-als-plastik
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https://www.verbraucherservice-bayern.de/themen/umwelt/lebensmittelverpackungen-ist-papier-umweltfreundlicher-als-plastik
https://www.verbraucherservice-bayern.de/themen/umwelt/lebensmittelverpackungen-ist-papier-umweltfreundlicher-als-plastik
https://www.verbraucherservice-bayern.de/themen/umwelt/lebensmittelverpackungen-ist-papier-umweltfreundlicher-als-plastik
https://www.verbraucherservice-bayern.de/themen/umwelt/lebensmittelverpackungen-ist-papier-umweltfreundlicher-als-plastik
https://www.verbraucherservice-bayern.de/themen/umwelt/lebensmittelverpackungen-ist-papier-umweltfreundlicher-als-plastik
https://www.verbraucherservice-bayern.de/themen/umwelt/lebensmittelverpackungen-ist-papier-umweltfreundlicher-als-plastik
https://www.verbraucherservice-bayern.de/themen/umwelt/lebensmittelverpackungen-ist-papier-umweltfreundlicher-als-plastik

Mechanical Recycling

Mun|C|paI|t|es

| Most probably different
[

\
Waste management companies —» Recycling

i v companies
R R

~ s =\
Fam UQ-R & oy
Houseliolds: businesses Collection of Transport by waste Transport by subcontractors 2
recycllné centres j plastic waste management company
: - \

— Sorting companies

(if needed, e.g. regional/ Sorting facilities (MRFs)
(own fleet) ‘ long-distance)

or recycling plants

Odour
Shredding '

removal

Extrusion
'l
© SN
-.'

AT ..
@‘ﬁﬂ Hot-Washing
Airstream Sorting

Ballistic Separation
Metal Separation
Cascade of sensor based
sorting (NIR) and eddy current

separator Challenges:

Sorting by density

Sorting; Washing; Decontamination (removal of volatile

substances): Material
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| Most probably different

Mechanical Recycling | |

M lTE Municipalities ___—— Waste management companies —» SOrting companies = —— Recycling

_ | ¥ v companies
\ ' s R ~ ™\ R
Q (
cRE - =:m L S > W
. Collection of Transport by waste Transport by subcontractors =
Householltiis. businesses, p;s“c :::s(t,e TR Sman coRba (i needsd, &.0. regional/ Sorting facilities (MRFs)
IeEyCAngIceniee L L (own fleet) | § long-distance) L or recycling plants
Waste
) Odour

o () !

,3- Shredding Washing Drying
. ‘ : & Extrusion

Collectio”. Sorting ® & 33";

removal

Airstream Sorting @ﬁs Hot-Washing
Ballistic Separation

Metal Separation Sorting by density
Cascade of sensor
based sorting (NIR) and

W Sorting; Washing; Decontamination (removal of volatile
A substances); Material properties (mechanical, visual, olfacto

Challenges:
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reenvscre D0rting (mixed waste)

UNIVERSITAT (C) magnetic overhead belt (D) magnetic drum
WIEN . . C Magnetic overhead belt sort D Magnetic drum sort
A) rotating screening (trommel)  (B) disc screening e i ST
S it ‘ "\ Magnetic field

‘ Kot ‘ Magnetic drum p*

A Rotating screening machine sort (Trommel) B Disc screen sort (' _ ’ . /\ e
X waste
S e =TT e Mixed waste Mixec waste fw e St u‘ }/’ U: b 2 .4 A '@

= TR L

Feerouswaste & ¢ W —_— Ferrous waste
. Lol '* ) S u I @ l @ K
g ¢ y l x ” / Non-ferrous waste Non-ferrous waste
¥ é 7
mm;’d - _ R <> €% (E) magnetic head pulley; nonferrous metal removal via
dry waste Soft and wet organic waste dry waste Soft and wet organic waste .
(F) eddy current separation
E Magnetic head pulley sort F Eddy current sort

Mixed waste
Mixed waste

Q w, "
Schematic representation of conventional , ’l‘ h % Y i @é’ :
3

. . Non 'nrrou: waste
mechanical pretreatment and material

7 —
recovery technologies also for mixed waste 3 SSORees Saad puey f O
g : g l Permanent magnet head drum
¥

Non-ferrous waste Ferrous waste Non-metal waste

F. ANCHIETA E SILVA, A.D.S.CARTAXO, A.D.D.S.R. ESMERALDO, E.M.SENRA, J.C.PINTO, ADVANCEMENTS IN PLASTIC WASTE SORTING: A REVIEW OF TECHNIQUES AND APPLICATIONS.
PROCESSES 2026, 14, 1144. HTTPS://DOI.ORG/10.3390/PR14071144
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TECHNISCHE Sorting miunt

UW"I'Q,/\IERSWAT Catocton Collection oy
Bag opening: Bags are opened before sorting begins o bagopening ¢ heses
Screen types: European facilities use trommel or rotary screens e < <20 ﬁfﬁm
Three fractions: Material is split into fines, medium, and coarse R indating
First trommel: Captures 85% to 90% of input packaging material Sorting !—ML Mm;mm
Second trommel: Receives the material from the 1st screen "— L
Fines separation: The 2nd screen sieves out material <45 mm \ﬁ"“ﬁ_
Fines screens: These remove the smallest material (< 20 mm) Mot | [mress] fumpeio)
from the medium fraction I ;f el
Medium fraction: Exits the 2nd trommel (45 -220 mm) 1 bortaron e | =
combined with the > 20 mm fines fraction . v
Wind sifters: Separate lightweight flexible plastics and film, = —r
Removes mostly large-format (> 220 mm) PE film x
Heavy fraction: Contains rigid plastics, metals, and beverage RN I R A P}j T e
cartons. The heavy fraction moves to downstream sorting iy ot " o) PEAD

Wind Sifter, DESign purpose: Sepa rates ﬂeXible 2D fllmS from Figure 1: A schematic of a typical Sorting Plant for Light Weight Packaging (LWFP) in Germany
. . . Source: Institute cyclos-HTP, (2021)
heavy 3D containers, uses powerful air suction by rotary fans

HTTPS://WWW.EEAS.EUROPA.EU/SITES/DEFAULT/FILES/DOCUMENTS/2023/EU%20PROJECT %20IN%20CANADA%20-

%20TECHNOLOGIES%20FOR%20FLEXIBLE%20PLASTIC%20PACKAGING%20IN%20EUROPE%20JANUARY %202023_0.PDF




TECHNISCHE :
UNIVERSITAT Sortl ng e

Collection |

WIEN oo oty
Optional sorting: NIR-based optical sorting e
Bunker storage: Material can go directly to bunkers for baling . o ﬁfr
Final check: Manual sorting for a final quality control check 1 e
Advanced Film Sorting Sorting y—mL ‘
Color separation: Sorting clear from colored e.g. PE ]
Material merging: Combines light fractions from the second E‘?ﬁ_
wind sifter Moot6 ] | [wmeeio] [wmreso]
->The packaging materials has passed through the overhead I ;17 J__FP__'_
magnets and eddy current separators to remove ferrous metal — | h
and aluminum packaging respectively, materials are sent to a
ballistic sorter i me |
Ballistic integration: Merges 2D film materials from ballistic ﬁwwmm
sorters s o et BT R P PE e ke WOWS L
Final processing: Sends the combined flexible stream to NIR- B oo .
VIS Sorting Iine Fizure 1: A schematic of a typical Sorting Plant for Light Weight Packaging (LWP) in Germany

Source: Institute cyclos-HTP, {2021)
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Mechanical Recycling I Mostprobablyifferent

M Municipalities Waste management companies __, Sorting companies —» Recycling
R : mpanies

cBe o =m L 2 - L L

. Collection of Transport by waste Transport by subcontractors ; o
Househol:s, busn::sses. plastic waste management company (if needed, e.g. regional/ Sorting facilities (MRFs)
i s Lo L (own fleet) | long-distance) or recycling plants

I

Odour

= removal
Washing i

Q‘O 3 S '; Extrusion: -

@ﬁi Hot-Washing

Airstream Sorting
Ballistic Separation
Metal Separation Sorting by density
Cascade of sensor based
sorting (NIR) and eddy current

separator Challenges:

Sorting; Washing; Decontaminatio oval of volatile
substances); Material

MAT-DAY 26 VM Archodoulaki 18



m reenniscie Ml€@chanical Recycling

UNIVERSITAT

Flake
2nd friction Analyser

Water + detergents remove 50-65 % of the VOCs, organic

solvents such as ethylacetate or surfactants in water such as _
hexadecyl trimethyl ammonium bromide CTAB can remove washing
95%. Also very effective is CS2 carbon disulfate but high toxic

Sink-float
separation 15 m
1min retention
time

Shredder / Pre-washing /
Cutting mill Wet centrifuge to
coarse 45 remove paper

mm 30-60 sec

Bale opening, Metals &

Friction

wire removal - '
Non-ferrous washing cold

and loosening separation

Mechanical

: dewatering
i PonoIef|n§ _ (Centrifuge like
state of the art is: —
cold washing friction washer)

Challenges:

Sorting; Washing; Decontamination (removal of volatile
substances); Material properties (mechanical, visual, olfacto

Grinding

Dryer _
mill flakes

Extruder

(multiple)

MAT-DAY 26 VM Archodoulaki



Water + detergents remove 50-65 % of the VOCs,
organic solvents such as ethylacetate or surfactants
in water such as hexadecyl trimethyl ammonium
bromide CTAB can remove 95%. Also very effective is
CS2 carbon disulfate but high toxic.

Friction washing with Friction washing with
oW Dehydration "9

TECHNISCHE - . .
unversitar Optimizing Recycling

WIEN

Magnetic

: Multi-stage photoelectric sorting Water flotation
separation

alkaline hot water alkaline hot water

'%l‘-lh-
T

Dehydration Rinse Dehydration Hot drying Extrusion granulating Photoelectric sorting Collecting

L. DONG, W. ZHI, W. LI, J. LI, OPTIMIZING THE RECYCLING PROCESS OF PP PLASTICS FROM WASTE WASHING MACHINES: SUSTAINABLE STRATEGY FOR ENVIRONMENTALLY
FRIENDLY REUTILIZATION, 2024, ACS SUSTAINABLE RESOURCE MANAGEMENT, HTTPS://DOI.ORG/10.1021/ACSSUSRESMGT.4C00101
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TECHNISCHE

wwererir Who pays for which waste

WIEN

g

ANY WASTE THAT CAN'T VIENNA'S ORGANIC WASTE BIN {é I&E&HIDNBPD#;I;E[I;! I;&Ah::[:cigﬁlé_ ALL PACKAGING EXCEPT é&'ﬂﬁ#ﬂﬂﬁg b?fESD
BE REUSED IS VEGAN PAPER AND GLASS GLASS CONTAINER
\ J
|

local authorities on fee-

. ) Collecting systems (e.g. ARA) from
based financial support

extended producer responsibility &
revenues from secondary raw materials

IMAGES: HTTPS://WWW.WIEN.GV.AT/PDF/MA48/FLUGBLATT-GETRENNTE-SAMMLUNG-EN.PDF
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1
PRODUCERS / IMPORTERS (Inflow) |
|
|

Brands, Manufacturers, Online Shops

recaniscie Financial Flow of Packaging

UNIVERSITAT |

- | Licence Fees & Contributions
WIEN ecyc I n g ys e m s | (Legal fee paid per kg of packaging)

v

RECYCLING SCHEME (e.g. ARA)

| |
Material Category Rates €/kg | Characteristics / Background : [ Jreenizes este collection (rousehold & comercial) :

| = Finances logistics, trucks, and infrastructure |
Paper, commercial 0.07 Cost-effective, highly | ettt Sotes sevene
Paper, househOIdS 019 recyCIable l (Income from selling sorted raw materials)
Ferrous metal, commercial 0.07 Easy to separate : T ;'
households 0.45 | |
Aluminium, commercial 0.09 Valuable material, generates *Funding Disposal: The fee finances
Aluminium Households 0.48 high sales revenue collection, sorting, and recycling of
Foils, commercial 0.18 highly complex sorting packaging waste distributed by

companies.

Moulded containers, 0.1 highly complex sorting eLegal Compliance ("Release from
commercial Obligation"): Companies are legally
EPS, commercial 0.35 required to take back their used
Plastic households 0.99 highly complex sorting packaging. Paying the ARA fee transfers

this duty to the ARA collection system.

HTTPS://WWW.ARA.AT/UPLOADS/DOKUMENTE/TARIFBL%C3%A4TTER/ARA-TARIFF-RATES-2025.PDF
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teciNiscHie - \Mlarket Prices

UNIVERSITAT
WIEN
L5 Cost of virgin resins and
4 -%- PP Copolymer black-coloured regranulates
' -~ PP Homopoylmer « .y s
| _y .- PE-HD EEM (“Qualitat Regranulat
13 o ° o, - @ rPE-HD Black Schwarz”) according to the
12] O "% 1EE Black “Market Prices for
L QL. Tyt “.l oy .
w0 o R N o Commodities in Central and
= R L Eastern Europe” between
z Virgin Materials 1 ; B« s - - I ] d 0 b 2025
S 1 Recyelates (Black) | g anuary and October :
0.0 . Regranulates (rPP, rPE-HD)
oo T e PO I . and virgin materials (PP,
08| @ RENREREL o8 S, DY T ? PE-HD) are labelled by solid
0.7 ¢ Data Range: January - October 2025 and hollow markersI
respectively
. . . . . M . N T . . T
N 1{1' Qbﬁﬁ q}b&gx N Fﬂ} qf’)grb ff'.!?ln:r «’_tsb':} Qbsgf: rbbsg?} {,_.":7.3 Q"’.‘,‘rg} |L‘b""_'ll':§III {Lg% Q"}g} q}gﬁ ,{\:’* -1_.,\}

Date

L BICHLER, REDUCING DIVERSITY IN LIGHTWEIGHT PACKAGING - IMPLICATIONS FOR CURRENT RECYCLING PRACTICE, DISSERTATION 2025
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TECHNISCHE
UNIVERSITAT
WIEN

Costs

Strait of Hormuz disruptions send oil and plastics
prices soaring

Plastic resin indexes, index 2023=100 and Brent crude oil price, dollars, January
2023 - April 2026

Brent crude oil price == Rigid packaging resin (bottles, containers) == Flexible packaging resin (bag

film, wrapping)

0

S,

) Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul Cct Jan Apr
2023 2024 2025

Sourcer UN Trade and Developrment (UNCTAD), based on LSEG data and anahtics.
MNote: Rigid packaging resin refers to HDPE; flexible packaging resin refers to LLDPE.

o, \) v
\g@ UN trade & M

” development X

—

) The oil-plastics price link: 25 years of evidence

Primary plastic materials and resins index, index 1980=100 and Brent crude
oil prices, dollars, December 1999 - February 2026

Brent crude price = Primary Plastic Materials and Resins Index

240

220

200

180

160

140

120

100

80

60

Geopoliitical ~ :
tensions inthe :
Middle East, demand
surge, financial

~ speculation

B

Global
* financial
crisis

shale boom and
OPEC response

Geopolitical

Oversupply
driven by US

40 " unrest in key
; producing Start of i Startof the
2 countries COVID-19 war in
0 : Ukraine
2000 2005 2010 2015 2025

Source: UN Trade and Development (UNCTAD), based on U.S. Bureau of Labor Statistics via FRED
{Producer Price Index by Industry: Plastics Material and Resin Manufacturing Primary Products:
PCU325211325211P) and the World Bank {Pink Sheet).

HTTPS://UNCTAD.ORG/NEWS/OIL-SHOCKS-RIPPLE-THROUGH-PLASTICS-TRADE-BARRIERS-HOLD-BACK-THEIR-GREENER-ALTERNATIVES

MAT-DAY 26 VM Archodoulaki

Environmental Costs: plastic recycling
extends beyond immediate financial
returns. By reducing landfill and
pollution, recycling mitigates
environmental externalities, which can
translate into long-term economic
benefits through improved public health
and ecosystem services.

Supply Chain: A well-functioning
European recycling sector strengthens
our resilience against global supply
shocks and increases sources security.

Supply Chain: Collection, sorting, and
processing of plastic involve multiple
stakeholders, each impacting costs
and efficiency.

Cost-Effectiveness: Plastic recycling often
costs more than producing virgin plastic,

making economic viability dependent on

scale, technology, and market demand




M EcNsciE - Challenges in sorting
WIEN

Recovery of sorted fractions

Packaging design makes separation difficult (printing, labels, closures)
Multiple sorting is limited due to disposal prices

Manual re-sorting is often labour-intensive and costly

= Automatic separation by plastic type (theoretical possible by
container size)

= Cup
m Bottles
m Bins

JB\I
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M reenniscre Ghallenges in sorting
UNIVERSITAT

WIEN

Made for functionality
and not for recycling

= 50 wt.% filling content
= Mainly Magnesium

m Black color hinders proper NIR
detection

= Density change due to fillers
m Swim-sink separation not effective

= Unfortunately, not built for
recycling

= Design4Recycling is important!

© ISABELLE GENTGEN
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Challenges in recycling of multilayer packaging

Elongation at Break, &, [%]

TECHNISCHE
UW"I‘I'EY\IERS'TAT 60 individual post-consumer MAPs
Temperature ['C (30 sausage/cheese packaging)
0 50 100 150 200 250 300 000
e 7 O — 08 B Stiffness
PET Reference
2500 -
06 = 2328 MPa
= S
)
2 & 2000 - ';‘
z i 2096 MPa
048 g 3 2113 MPa
=
% = 1831 MPa
o
3 2 15004 1734 MPa
02 £
o
™ 4000 - - S
MELT REGION 1110 MPa
e 00 | 990 MPa
g FTIR
: 500
i - —— i — LidBlend | Tray Blend | LideTray Blend |  LidBlend | Tray Blend | Lid+Tray Blend
I ‘ i 1 PE-LD Rich PE-LLD Rich
8
\ ‘ c 400
b ili
| - o] Ductlity
e co § PET Reference I
{f\ ﬂq’( ( 324% [ 300
\ \ 04 |
inner PE (food contact) layer
outer PET (carrier) layer - 200
4000 3500 3000 2500 2000 1500 1000 %ﬁm
Wavenumber [cm™']
. ey ey . . . . . 5 - 100
PET-PE immiscibility resulted in phase separation causing inhomogeneity B 78w 88%
& s0%
M. SEIER, V.-M. ARCHODOULAKI, T. KOCH, B. DUSCHER, M. GAHLLEITNER. POLYETHYLENE TEREPHTHALATE BASED MULTILAYER FOOD PACKAGING: W2sx% & 23% o
DETERIORATION EFFECTS DURING MECHANICAL RECYCLING, FOOD PACKAGING AND SHELF LIFE, VOLUME 33, 2022, 100890, - -
HTTPS:/DOI.ORG/10.1016/J.FPSL.2022.100890. — |::::::| L. l:‘:m —




Challenges in recycling of multilayer packaging

TECHNISCHE
UNIVERSITAT Composition and layer thicknesses of different 4-layer films
"""" commercially used for the packaging of ham slices

LD 11 PE-LLD ,DSC: . . . . °
240 post consume P M e Y comprising three similar layers (PE-EVOH-PE) but using
packaging samples snsnmmpene / Lo
= o . g paper, PP, PET or PA as a fourth layer.
Ei:::::::::::::::::%:}:::fj.:é;
. I ]", Layer 1 Layer2 Layer 3 Layer 4 Shelf-
; el IV Ji life
N\ T / Paper,/PE/ 50 pm 25 pm 4 pm 20 pm 4 weeks
413vA% 374wt% 133wt% 35w% 28wW%  1.7wt% EVOH paper PE EVOH PE
; PP/PE/EVOH 22 ym PP 20 pm 5 pm 23 um 5 weeks
i | | PE EVOH PE
Cured | 7awt% 16wh¥ 1wtk 3wt% W%k 1wt | 250% PET/PE/EVOH 17 pm PET 23 m 4 ym 20 um 5 weeks
meats ‘ ; FE EVOH PE
e o . i ; PA/PE/EVOH 22 ym PA 25 um 6 pm 25 pm 4 weeks
i o 75 wt.% -18,@%-- -»1wt-.%-~--»2m.%---~3vist.%-- A wWtH 1 25.0% PE EVOH PE
Erganc] N @ Y Y N T I S Post-consumer waste stream sample composition of
food ‘ : . . .
e = | packaging derived from structure analysis (240 samples) and
Tubes | (w7 @6 W% 3w - Lizs% separated by product packaging category (cured meats, sliced
: ' ; | | cheese, frozen food, tubes, snacks and ready-made meals) and
nacks and ' i } .
ready-made meals . 25wt% (45wt  1ZWE%  SWh%  4wWi% W% | 125% polymer type (PET, PE-LLD/LD blend, PP, EVOH, OTHER minor
' 1 | i components and PA). Polymer type shares are given in wt.%
PET PELLDLD PP EVOH OTHER  PA while the category shares are packaging count shares.

M. SEIER V.-M. ARCHODOULAKI, T. KOCH. THE MORPHOLOGY AND PROPERTIES OF RECYCLED PLASTICS MADE FROM
MULTI-LAYERED PACKAGES AND THE CONSEQUENCES FOR THE CIRCULAR ECONOMY, RESOURCES, CONSERVATION

AND RECYCLING, VOLUME 202, 2024,107388, HTTPS://DOI.ORG/10.1016/J.RESCONREC.2023.107388.




m

:

Elastic Modulus, E, [MPa]

g

=)
=
i

Melt Flow Rate, MFR [g/10 min]

[ =

:
o

2

1000 o

5]
[=]
i

™
=
1

b3
(=1
1

WIEN

TECHNISCHE
UNIVERSITAT

g

Elangation at Braak, & [%]

" Stiffness + Ductility -
2320 MPa = ” o
708%
@
é 1885 MPa
1620 MPa
* aTH
449%
&
L3 4998 MPa Q
974 MPa 1%
L
#463 MPa o 105%
405 MP :

207 MPa B P %O 20
FELD | FELLD | FP | PET Pl ] [ ] I P33 | PCA PE=LL} l PE-LLD ] P FET Pl l P2 I FL3 ] P

wirgin Pl -cormunmer wingin pEE COMBLIFIRT

n FTIowabilitv n Impact Toughness |
I'|_'| 252 kifm’
76.0 g/10 min
A
: 138 kl{m?
48.0 g/10 m ih* r'Y
168 kJfm®
37.0 g/10 min[]
i a
108 klfm? R o
34 /10 min

u | Wozgiomin| O [J1.2 gf10 min A 18 kI A

0.9 g/10 min 1.3 g/10'min 24 ki fm? & klfmfA
PEAD | PELD | e | PO RS pe4n | pein | e | par [ 2 | e | poa

wirgin past -corsumar wirgin post-consurmer

g

.4
> - &
Tensile impact Strength, a,, [kJim?]

-]
=]

Challenges in recycling of multilayer packaging

(a) Elastic modulus Et [MPa],

(b) elongation at break €b [%],

(c) melt flow rate MFR [g/10 min]
and (d) tensile impact strength
atN [kJ/m2] of common post-
consumer packaging blends
comprising

PE-LD/PE-LLD/EVOH ‘PCY1’,
PE-LD/PE-LLD/PP/EVOH ‘PC2’,
PET/PE-LD/PE-LLD/EVOH ‘PC3’
and

PET/PE-LD/PE-LLD/PP/

EVOH ‘PC4’ (hollow markers)
compared to virgin mono-material
references (solid markers)

M. SEIER V.-M. ARCHODOULAKI, T. KOCH. THE MORPHOLOGY AND PROPERTIES OF RECYCLED PLASTICS MADE FROM MULTI-LAYERED PACKAGES AND THE CONSEQUENCES FOR THE
CIRCULAR ECONOMY, RESOURCES, CONSERVATION AND RECYCLING, VOLUME 202, 2024,107388, HTTPS://DOI.ORG/10.1016/J.RESCONREC.2023.107388.




m TEFCrHNICHHF

Overview of the smdied duplex structures and scenarios.

(Multilayer-vs.-Monomaterial-Dilemma =

Packaging Packaging Studied scenarioz
structure
Current =« Panted BOPA s Current: MulMu wath incineration with
Muliu layer energy recovery (Mulhi-ER)
packaging # Solvent-based & Emerging: Muliu with sdveanced
adhesive mechanical recyeling through 12
# PEP layer (PE- delzmination-denkang (MubhIu-ANME) 1.0
L 08
» Surface weight: H
113.6 g/m” S 0.6
— # Thickness: L]
119.0 pm m 04
Alternative # Pronted MDOPE & Current: MolMu with conventional 0.2
AMolu layer mechanical recyeling (MWMobu-ME) 0.0
(PE-bazed) « Solvent-free s Emerging: Moblu with advanced
packaging adhesive mechanical recycling through 0.2
& PEF layer (PE- delamination-deinking (Molviu-ATIR) 404
Mola EVOH-PE) » Emerging: Molu with chemical
# Surface weight: recyoling (MolMu-CR)
138.4 g/m”
» Thiclkness:
) 148.5 pm

o

(a) Climate change impact

Lightweighting vs. Recycling)

Burden_EOL: ofher processes

® Burden_EOL: delamination

m Burden_Facking & distribution
Burden_Laminale conversion
Burden_Raw material produciion

B Credit_Laminale conversion

m Credit_EQL: energy racovery

B Credit EOL: recydates

* Mat impact

Shifting from Mula to Mola reduces impacts on 3 of 4 key categories: climate change, particulate
matter, photochemical ozone formation, and the single score (aggregated 16 categories). These
benefits primarily stem from raw material production and end-of-life management, where
recycling replaces incineration with energy recovery, despite MolLa being heavier (22%)

MAT-DAY 26 VM Archodoulaki

T.NHU, S. HUYSVELD, N. MUINDI, T. DE SOMER, J: DEWULF, LIFE CYCLE ASSESSMENT OF FLEXIBLE PLASTIC FOOD PACKAGING DESIGNED FOR RECYCLING: SHIFT
FROM MULTI-MATERIAL TO MONO-MATERIAL MULTILAYER STRUCTURE, SUSTAINABLE MATERIALS AND TECHNOLOGIES, VOLUME 48, 2026, 0]

HTTPS://DOI.ORG/10.1016/J.SUSMAT.2026.E01985.




Conventional vs. -

|
It l
- |
TECHNISCHE t '
I
.. | | : : PACKAGING PRODUCTION FOOD INGREDIENT PRODUCTION |
uversitit Bijodegradable s o |
WIEN indicator | - |
I |
o L |
100% " System boundaries: | : |
packaging | : |
£ System boundaries: I : FOOD PROCESSING AND |
o packaged food 1 , PACKING |
2 80% li ! |
i ® Eol treatment FLW E : DISTRIBUTION, RETAIL &
b :> | | i CONSUMPTION :
g Flaw of pockaging | : :
8 M Eol treatment packaging |i I :
. 60% |:: ! i
g W Distributi Retail, Co :: : :
§ .,Tj istribution, ail, Consumer Flow of food | : _El\l?—_OF_—IiFE P_Hf;EE_Pf.C_KfG-II'iG- "F— _.b_ - _E_NI_:I—_L'JE—L_IF_E EI-I_AEE_FE‘-E ]
o5 I o |! !
Food ising & Packi .
g B 4% FROR KSR S She=in : '| DEDICATED END-OF-LIFE | || DEDICATED END-OF-LIFE |
38 | | TREATMENT a | TREATMENT |
'S & Production food ingredients l : g || !
28 - e |: |
s o ——— =7 |
E 20% Production packaging S 4
g Fig. 1. Simplified process scheme of the life cycle of packaged food, with an indication of potential evaluation by classical LCA and the newly developed indicator. This
% indicator only focuses on the marine litter impact. The system boundaries for the evaluation of (1) the packaged food product and (2) only the packaging (i.e. primary
= packaging) are indicated. FLW = food loss and waste; LCA = life cycle assessment.
o
E 0% LOMPOSINON, Mass, AIMERsions and aeqicatea end-oT-1ne (2oL) rearment of con-
,g ventional and alternative primary packaging. INC, incineration; REC, recycling;
5 PHBV, Poly( 3-hydroxybutyrate-co-3-hydroxyvalerate); PP, polypropylene.
Packaging Composition /| Mass Dimensions tray EoL
-20% component (g/keg | (mm * mm ¥ mm) sccnario®
Conventional Alternative falafel)
. . . . . . Tray PP 613 (187 x 137 x 25 REC
Contribution of the different life cycle stages to the environmental impact Comventional . molilayer e
. . . . . . . PP
considering the conventional and alternative packaging. The functional unit (FU) Alemative Tray  PHBV 1205 187 x 137 x 7 INC
Film PHBY 133 INC

corresponds to the household consumption of 1 kg packaged falafel.

* includes collection and sorting (in case of recycling scenario) as well.

L. BOONE, N. PREAT, T. NHU, F. FIORDELISI, V. GUILLARD, M. BLANCKAERT, J. DEWULF, ENVIRONMENTAL PERFORMANCE OF PLASTIC FOOD PACKAGING: LIFE CYCLE ASSESSMENT

EXTENDED WITH COSTS ON MARINE ECOSYSTEM SERVICES, SCIENCE OF THE TOTAL ENVIRONMENT, VOLUME 894, 2023, 164781, HTTPS://DOI.ORG/10.1016/J.SCITOTENV.2023.164781



Table 3
1 Potential marine litter formation (g) and lifetime costs on marine ecosystem services
TECHNISCHE Conventlonal Vs' (ES) (EUR.y) per household consumption of 1 kg packaged falafel (functional

UNIVERSITAT - unit, FU) in conventional (PP) and alternative (PHBV) packaging, assuming waste
WIEN BIOdeg radable collection in EU-28. Pg, the probability for plastic waste collected in EU-28 to be-
come marine litter.

100% , Conventional — Alternative

« - . packaging packaging

5 Mass of the tray per FU (g) 65.9 1295

% s ® Eol treatment FLW Pg (%) 20E—02 20E—02

by Potential marine litter formation (g/FU) 13E-02 26E—02

é W Eol treatment packaging Lifctime costs on marine ES, best case sconario 19E—03 28E—04

£ oo% (EUR 2020/ FLI)

g - ® Distribution, Retail, Consumer Lifctime costs on marine ES, worst CHSC SCCTIATIO 19E—D2 2HBE—D3

s = (ELRz020/FLI)

_g % 40% Food processing & Packing ] . . .

39 the lifetime costs for marine ES are about seven times

‘g g Production food ingredients . . . .

I3 e lower, and this despite its higher mass

% 20% Production packaging

E

g Compaosition, mass, dimensions and dedicated end-of-life (EoL) treatment of con-

£ 0% ventional and alternative primary packaging. INC, incineration; REC, recycling;

g PHEV, Poly(3-hydroxybutyrate-co-3-hydroxyvalerate); PP, polypropylene.

= Packaging Compositon /Mass Dimensions tray EoL

220% COMPOTCNE (g/keg |\ (mm x mm X mm) sccnario®
Conventional Alternative falafel)
Tray PP 61.3 |18Y x 137 ®x 25 REC

Contribution of the different life cycle stages to the environmental impact Conventional gy molllayer | 100 INC
considering the conventional and alternative packaging. The functional unit (FU) Atemative Tray PHBY 1205 187 x 137 x 7 INC

corresponds to the household consumption of 1 kg packaged falafel. + includes collection and sorting (in case of recycling scenario) as well

L. BOONE, N. PREAT, T. NHU, F. FIORDELISI, V. GUILLARD, M. BLANCKAERT, J. DEWULF, ENVIRONMENTAL PERFORMANCE OF PLASTIC FOOD PACKAGING: LIFE CYCLE ASSESSMENT

EXTENDED WITH COSTS ON MARINE ECOSYSTEM SERVICES, SCIENCE OF THE TOTAL ENVIRONMENT, VOLUME 894, 2023, 164781, HTTPS://DOI.ORG/10.1016/J.SCITOTENV.2023.164781.




envscne . R€CYcCling vs. Reusable

UNIVERSITAT
WIEN The LCA considers production, use, and end-of-life phases,
- Reusable R Recyclable ® Breakeven . . .
packaging packaging point with Climate Change as the reference impact category.

a) gz::::g ; gg:u;: b) Scenario2 DS-intermodal Results show that recyclable packaging generally has a
12 12 lower environmental impact, except for short transport
10 10 | distances (below 425 km for road transport and below
R g | 750 km for intermodal transport).

REC 1.14 kg vs. REU 14.34 kg

424.6 km;

Impact [kg CO2 eq]
ay

4. 3kg CO2 e N
9 863.4 km
2 CARDBOARD HEAD
PACKAGING PART
PACKAGING
0 1 1 1 I 1 1 1 0 1 1 1 1 1 I I PACKAGING AND FILLING
= =] [= = = =] [= = = =] [= = =] = b= = = = R
[ B =T T T = T T S — T S = =T = = I =
L B T S A T ot B T S A o S I T+ T = T = T T T S
Ll o - Ll ] - - - — ]
Distance [km] Distance [km]

Breakeven point analysis results referred to the functional unit
of this study (1 appliance delivery), calculated considering
Climate Change as the reference impact category a) the Scenario
1 direct sales-road and Scenario 3 retail distribution-road, b) the
Scenario 2 DS-intermodal, rail transport for long-distance
segments + lorry transport for domestic delivery.

POLYSTYRENE
FILLER

SUPPORT PART

F. ROSSI, M. FUNDONI, M. NIEROET AL., TO REUSE OR NOT TO REUSE: THAT IS THE QUESTION. ENVIRONMENTAL TRADE-OFFS BETWEEN REUSABLE AND RECYCLABLE PACKAGING FOR

LARGE APPLIANCES, WASTE MANAGEMENT, VOLUME 218, 2026, 115522, ISSN 0956-053X, HTTPS://DOI.ORG/10.1016/J.WASMAN.2026.115522.




s
M e Closed loop vs. Open loop Fang

UNIVERSITAT
WIEN

Decoration (diverse design)

_ e

Fraction PET []]mmmﬂ] —_— N e Labels
Fraction PE+PP e PE cap Sleeves
(= no further T ] .

Paper
recycling PET Bottle ‘ p
INSINERATION) CONTENT * IML
. | PPwrap- 0 « Adhesives 4
* FOOD
Fraction PET TECHNISCHE around labels * Direct Printing (Pigments)
. m UNIVERSITAT * NON- FOOD
*separated sorting WIEN

simple design e ’ T u
*Washin Sm(’/ 0
. 07/ " , Mitigation

*Adjustment of the ;ﬁ (M)ﬁ[
molar mass durin 0 * Prior-Sorting
2 \_ﬁg/ﬁ\', Different POLYMERS & . :

the process e De-Lebeling
g’ ADDITIVES & PROCESSING Mitigation . De-Sleeving
w \ / TECHNOLOGIES * Prior-Sorting . Washin
|| S * Washing * De-Inkin
I]:p% M't'g?t'on _ e Additional: Removal of volatile &
* Prior-Sorting substances

[z’ ]

MAT-DAY 26 VM Archodoulaki




TECHNISCHE
UNIVERSITAT
WIEN

A Shredded labels (Foto: J. Schiossnikl)

Chemical and biological results

The substances found were classified into Cramer classes

2,6-ditert-butylcyclohexa-2,5-diene-1,4- dione

Cramer Class | (low toxicity)

Cramer Class Il (moderate toxicity)

Cramer Class Il (highly toxic) (21% of the identified substances)

71 substances could be classified, whilst 95 substances remained unidentifiable

2,2-dimethoxy-1,2-diphenylethanone

‘.1) Labels are important for information transfer
m Labels are screening out critical substances === incineration :
m With good detachability, good recyclability of the remaining packaging 3 S-ichiroaniine

.J. SCHLOSSNIKL, E. PINTER, M. P. JONES, T.KOCH, & V.-M. ARCHODOULAKI. UNEXPECTED OBSTACLES IN MECHANICAL RECYCLING OF POLYPROPYLENE LABELS: ARE AMBITIOUS
RECYCLING TARGETS ACHIEVABLE? RESOURCES, CONSERVATION AND RECYCLING, 200, 2024, 10729, HTTPS://DOI.ORG/10.1016/J.RESCONREC.2023.107299.
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sveere Challenges regarding material properties

WIEN

= Potential reduction of the mechanical properties
= Ductility |
m Stress crack resistance |

= Variable colour of the recycled material
epending on the colour composition of the waste stream

= Substances that could pose a risk to human health
e.g. from decorative elements that do not need to be food-safe

Fotos: Lorenz Bichler

MAT-DAY 26 VM Archodoulaki




recinsche — Mlachanical properties 100% rPE-HD

UNIVERSITAT
WIEN
m Bottles retain high ductility despite PP Eg Bottle (0.6 - 0.9 mm)
. . 0 l Il to extrusion
con-tarr.nna.tlon be|OV\{ 5 wt% | § Biow Moulded Bottle z [oexuson
m No indications of major thermomechanical < 1000 - Sheet (~0.7 mm)
damage from repeated extrusion < O un-oriented
s < Increased chain orientation
% upon parison inflation
= and quenching
C
S 500 - _
®©
2
u_cj Compression Moulded Sheet O
1¢ ()
0 1 2 3 4 5

Preform and bottle made of cold-washed rHDPE; Source: Fa.

Sauer (right), L. Bichler (left) Extrusion-cycles

L. P. BICHLER, T. KOCH, N. KREMPL, V.M. ARCHODOULAKI. ONE STEP CLOSER TO CIRCULARITY: RECYCLING POST-CONSUMER PE-HD INTO SHAMPOO BOTTLES.
J MATER CYCLES WASTE MANAG, 2025. HTTPS://DOI.ORG/10.1007/S10163-025-02464-5
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Mechanical properties 100% rPE-HD

TECHNISCHE
UNIVERSITAT
WIEN

= Drop test

m Testing of recycled and standard PET bottles
(4 of each)

m Filled with water as the test medium
(“initial weight” ~ 1090 g)

= 80 cm drop height DE—
Before Dropping

After Dropping After Dropping

= No failure even after (up to 3) repeat tests

Current challenges:

In order to meet the high stress crack resistance
requirements for certain applications (e.g. cleaning Recycled
detergents) virgin material would need to be blended a) Drop test: b) Bulging on a recycled bottle; ¢) The base of a

new bottle, showing no change

L. P. BICHLER, T. KOCH, N. KREMPL, V.M. ARCHODOULAKI. ONE STEP CLOSER TO CIRCULARITY: RECYCLING POST-CONSUMER PE-HD INTO SHAMPOO BOTTLES.
J MATER CYCLES WASTE MANAG., 2025. HTTPS://DOI.ORG/10.1007/S10163-025-02464-5

Commercial
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mversrir Separate Collection of 100% rPE-HD

WIEN
' - i White PE
Comparison of two hollow-body fractions 100 e PE e Coloured PP
from hot-washed rPE-HD
80 25.9% o&— \\/hite
GB. 5cm AT. . 60 1 @[NNI~ Opaque
. . °\° -
Milk bottles Hollow bodies R — Transparent
s <5Liter <5 Liter . @ e o
,p opaque flakes coloure& f[akes* S 40-
5 §f‘ o
£,
207 34.9% Coloured
Coloured Not ident.
o7 %

]
Uncoloured Multicolour

Flake Batches

L. P. BICHLER, T.KOCH, N. KREMPL V.-M. ARCHODOULAKI. RETHINKING PE-HD BOTTLE RECYCLING—IMPACTS OF REDUCING DESIGN VARIETY. RECYCLING, 2025, 10, 93.
HTTPS://DOI.ORG/10.3390/RECYCLING 10030093
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sverar Rheological properties 100% rPE-HD

WIEN
T 220 °C
m Similarities 10% - -
] &0
. . . b --B‘\‘:‘
m Similar density of manufactured bottles = B
(opaque: 0.944; multicoloured: 0.946 g-cm™3) S e ﬁ‘*““‘n ]
£ **-.‘
m Similar flow behaviour in the moderate =
shear rate range 3 g:.@
> 103—: .‘Q E
m Creep behaviour in short-term testing : S ]
(compressed specimens; room temperature, 24 h) { -®- Coloured (inherent PP contam.) ‘f‘rﬁ-
1 -©- Opaque (artificial PP contam.) 1
, -8- Opaque (PP: ND)

m Similar yield strength moduli (range: 4—-5 MPa) 04 10° 102 107 100 10" 107
Shear Rate (Y, s™)

L. P. BICHLER, T.KOCH, N. KREMPL V.-M. ARCHODOULAKI. RETHINKING PE-HD BOTTLE RECYCLING—IMPACTS OF REDUCING DESIGN VARIETY. RECYCLING, 2025, 10, 93.
HTTPS://DOI.ORG/10.3390/RECYCLING 10030093

MAT-DAY 26 VM Archodoulaki




UNIVERSITAT
WIEN

M recuniscke Mlechanical properties 100% rPE-HD

Tensile test: specimens punched

= Differences between the opaque from bottles
(O) and multicoloured (MC) 1500 34
fractions -
. Pure PP contam. - 32
m MC: less susceptible to thermal — 1200 _
stress in the rheological time sweep s _ ] _ T -30%“_’
(air, 22_0 °C, 14 rr_1inutes c_ompared .to W " 00 — 25 &
31.5 minutes until a 10% increase in 5 |w = T &
. . 3> 2 4 o L og 2
complex viscosity) 8% wl § T ;
m O: Samples punched from bottles g 3 © S = [#3
exhibit a noticeably higher and T a0 [, >
less variable elongation at break .
Extrusion Blow-Moulded J_ - 20
0 T T T
Et ER O~

L. P. BICHLER, KOCH, T.; N. KREMPL V.-M. ARCHODOULAKI. RETHINKING PE-HD BOTTLE RECYCLING—IMPACTS OF REDUCING DESIGN VARIETY. RECYCLING, 2025, 10, 93.
HTTPS://DOI.ORG/10.3390/RECYCLING 10030093
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M anerar Challenges in washing

WIEN

= Removal of remaining decorative elements

m Resistance of adhesives and printing ink binders under standard washing
conditions

m Selection of suitable parameters for washing processes
to improve the quality of recyclates

s Removal of unwanted odours

MAT-DAY 26 VM Archodoulaki




reciniscie - Washing rPP

UNIVERSITAT
WIEN
1007 Coloured o
Key ques“on: Coloured
Can washing and the removal of volatile substances %0
increase the scope of application for PP recyclates? Co-extruded
Analysis of a fraction following cold or hot washing :f 60 - gb'gl'lzdou'd
treatment % 0
« Substance profile analysis using GC-MS (external) § 40 - White
« Monitoring of degradation behaviour using shear
rheology and tensile testing 20 -
Transparent |
0 —
Cold Hot
Wash

L. P. BICHLER, E.PINTER, T.; M.P. JONES, T. KOCH V.-M. ARCHODOULAKI. IMPACTS OF WASHING AND DEODORIZATION TREATMENT ON PACKAGING-SOURCED POST-CONSUMER
POLYPROPYLENE. J MATER CYCLES WASTE MANAG 26, 3824-3837,2024. HTTPS://DOI.ORG/10.1007/S10163-024-02085-4
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Washing rPP

TECHNISCHE
UNIVERSITAT .
Results of the GC-MS analysis:
o Ct 2 2 h o) . .
o (0 | . rPP = Removal of volatile substances is largely
< © .
o cold washed = effective
- -—
) n 14%10° 0p)]
1.2 10° — _
« ®©
) E 13107 E
11107 GJ q-)
-—t -—
c 12%10° c
1.0x107 ] -
11x107
9.0x108
8 10x107
| . .
8 g ooxi
C 7oxw 3 é 8.0 x 106
-]
2 5.0x10° 7.0x 106
S.0x10F 6.0x 106
9 4 5.0x 105 4
4.0x10% 1 Z
4.0 105 2
2.0x 108 1
30% 106
2.0% 108
20105
o A L. P. BICHLER, E.PINTER, T.; M.P. JONES, T. KOCH
lh 1 o V.-M. ARCHODOULAKI. IMPACTS OF WASHING AND
s | Al L k\ l. 1l l J DEODORIZATION TREATMENT ON PACKAGING-
400 E00 B.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.0026.00 28.00 30.00 32.00 34.00 35.00 35.00 40.00 42.00 44.00 - - e . SOURCED POST-CONSUMER
Time [min] 4.00 E&00 2.00 1000 12.0014.00 1500 12.00 20,00 2Z.0024.00 250025002000 32.0034.00 26.00 32.00 40.00 42.00 44.00 POLYPROPYLENE J MATER CYCLES WASTE
) ) . . . Time [min] MANAG 26, 3824-3837, 2024.
Chromatograms: E. Pinter, Ofi Retentionstime (t, mln) HTTPS://DOI.ORG/10.1007/S10163-024-02085-4
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recuniscie Mlaterial properties rPP

UNIVERSITAT
WIEN

Degradation behaviour resulting from repeated extrusion — a noticeable decrease in |n*| and g,

B O
T S 8004 & é
= £ 1 a2 © i
*
£ T 600 - % i
N g
= o
‘B 10° 1 —
Q ©
é 5 400 - A
: 5
%J_ 1x c | Hot wash
= 5x e Flakes
@] W 200 + Regranulate
© Cold wash
1x 1 /\ Flakes
5x Extrusions O Regranulate
10° —rTTTTTy T — T L 0 T T T T T T
0,1 1 10 100 1000 0 1 2 3 4 5
Angular Frequency (o, rad-s™) Extrusions

L. P. BICHLER, E.PINTER, T.; M.P. JONES, T. KOCH V.-M. ARCHODOULAKI. IMPACTS OF WASHING AND DEODORIZATION TREATMENT ON PACKAGING-SOURCED POST-CONSUMER
POLYPROPYLENE. J MATER CYCLES WASTE MANAG 26, 3824-3837, 2024. HTTPS://DOI.ORG/10.1007/S10163-024-02085-4
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WIEN

M et Quick Debrief

= rPE-HD

m The recycling of PE-HD hollow bodies shows potential for further studies
into commercial use

m rPP

m Recyclates are currently still unsuitable for contact-sensitive packaging.
To ensure comparability, further research is required regarding the direct
comparison of fractions and washing processes

For food applications, standardising containers (and separate collection) can
contribute to targeted sorting and thus enable largely homogeneous fractions

MAT-DAY 26 VM Archodoulaki
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TECHNISCHE 1830 % H_,_F _______________________ 2 Nl
UNIVERSITAT 7 197 -t S oy,
WIEN %_: 1400 o e s é oo™
. Wioo{ . g S S oy T
AnaIySIS Of post- 51000': 4 :‘-:c:-: L T Wesshmsn
% 800 4 Copolymers 31 .
consumer cups % oo — g @
w 1 gy || &=
m PP is very versatile ‘;zz i, D o\ b
: 1 '8
(Copolymers and Homopolymers) S | R e S
1000 - n_v.rr ,,,,,,, @ §
| Cu ps . . :L_:-".'..E .0..:. .i;.i:'-i;: -------------- "/-,4\_\ E
m Thermoformed Lo ‘. ™ L T et B | £
iacti £ SRR - B
m Injection-moulded E2uk:
m Offers a striking contrast in terms of g
. w i
elongation at break - , -
. . . . njection-molde SI
m In Recycling —+a combination of all 0 ' , - Lot
Copolymers Thermoformed Injection-molded

Temperature T [*C]

these packaging types

[ —
J. SCHLOSSNIKL, L. GRITSCH, T. KOCH, V.-M. ARCHODOULAKI, DESIGN AND MANUFACTURING DIVERSITY
UNDERMINE CIRCULARITY: THE CASE OF A SIMPLE YOGURT CUP, RESOURCES, CONSERVATION AND

RECYCLING, VOLUME 212, 2025, 107944, HTTPS://DOI.ORG/10.1016/J. RESCONREC.2024.107944.
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Polypropylene (yogurt)
cups

m PP packaging is diverse
m Different properties
m Especially elongation at break
shows those differences
= In a recycling stream those
properties are going to be
combined

= Next to different designs, labels,
stabilizers & additives

Elongation at break eg [%]

J. SCHLOSSNIKL, L. GRITSCH, T. KOCH, V.-M. ARCHODOULAKI, DESIGN AND MANUFACTURING DIVERSITY
UNDERMINE CIRCULARITY: THE CASE OF A SIMPLE YOGURT CUP, RESOURCES, CONSERVATION AND
RECYCLING, VOLUME 212, 2025, 107944, HTTPS://DOI.ORG/10.1016/J.RESCONREC.2024.107944.
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WIEN :

Analysis of post- 18001 | 1800
consumer (yogurt) cups ™1 8 0 Z g, e
m Diversity of packaging designs g . e T - = O\Eo
Size, material, design w1400 173
= No differences due to s 2 &) Q g 1% 3
= decoration % sy Elongation atbreakgg 1 | 000 é
m collection (mixed MSW and g 600 " — 1o 2

lightweight packaging) "+ 400+ D o | {400 L
m Processing from a residual waste 200 ann— 120

stream would be possible 0 , l , , 0

DP CS S Mix

J. SCHLOSSNIKL, L. GRITSCH, T. KOCH, V.-M. ARCHODOULAKI, DESIGN AND MANUFACTURING DIVERSITY
UNDERMINE CIRCULARITY: THE CASE OF A SIMPLE YOGURT CUP, RESOURCES, CONSERVATION AND
RECYCLING, VOLUME 212, 2025, 107944, HTTPS://DOI.ORG/10.1016/J. RESCONREC.2024.107944.
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100 wt.% thermoformed cup 100 wt.% injection molded cup
e M o SRR S b

TECHNISCHE

UNIVERSITAT

WIEN

Analysis of post-
consumer (yogurt) cups ;..o vl

s Compounds containing up to 30% 2000 1 e O
m.-% of the injection-moulded cup = o + o B =
show properties similar to those of g 15004 1o, I - 1500 g
thermoformed cups a = ST + = £
3 j000d 1. | 9 % Lo @
= REM (a-d): | 3" e s . I ‘°°°*§
= thermoformed — ductile = congtnatiresksy @ 5 | | | | 2
= Injection moulded — brittle g * =+ 5 Rl 1
) , w

0 - '?: @ o @ -0
J. SCHLOSSNIKL, L. GRITSCH, T. KOCH, V.-M. ARCHODOULAKI, DESIGN AND MANUFACTURING DIVERSITY Tr‘er,quor,med T T T T T T I,ﬂ"edllon—m?!dec

UNDERMINE CIRCULARITY: THE CASE OF A SIMPLE YOGURT CUP, RESOURCES, CONSERVATION AND
RECYCLING, VOLUME 212, 2025, 107944, HTTPS://DOI.ORG/10.1016/J. RESCONREC.2024.107944. S O 419 o_,Q Q <°Q @Q I\Q $Q o)Q \QQ

Concentration of Injection-molded cups [wt.%)]
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) siock copolymer Polypropylene packaging
TECHNISCHE B3 Random copolymer
UNIVERSITAT [ |
WIEN Injection Thermo-

molding f ing Blow molding
]

' J oon O

Thin-wall Bulk

Polyethylene high-density packaging

|
| |

Injection
- " molding Blow molding
- low substitution potential o P tial . high substitution potential \

IM-TW | IM-TW | IM-TW | IM-B TF TF TF BM

The influence of input stream
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i-rPP_1 M BM
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\

\

Figure 4. Substitution pc—tential of investigated PP reeyclates. Figure 5. Substitution potential of investigated PE recyclates.

M. MAGER, M. BERGHOFER, J. FISCHER. POLYOLEfiN RECYCLATES FOR RIGID PACKAGING APPLICATIONS: THE INfJUENCE OF INPUT STREAM COMPOSITION ON RECYCLATE QUALITY.
POLYMERS 2023, 15, 2776. HTTPS://DOI.ORG/10.3390/POLYM15132776

MAT-DAY 26 VM Archodoulaki




TECHNISCHE

UNIVERSITAT QUiCK Debrief

WIEN

rFrEsd

Fd

Key Objective: Preventing Contamination

m Sleeves or Cardboard Wrappers: Advantage for Pure PP Recyclate

m Detachable solutions: The use of self-detaching sleeves is required to ensure
clean separation during the washing and recycling phase
m Blending Tolerances for IM & TF

Homogeneous Material Stream - Higher Recycling Quality

J. SCHLOSSNIKL, L. GRITSCH, T. KOCH, V.-M. ARCHODOULAKI, DESIGN AND MANUFACTURING DIVERSITY UNDERMINE CIRCULARITY: THE CASE OF A SIMPLE YOGURT CUP, RESOURCES, CONSERVATION
AND RECYCLING, VOLUME 212, 2025, 107944, HTTPS://DOI.ORG/10.1016/J.RESCONREC.2024.107944.
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reenvscie HHOW dO consumers perceive
materials?

Mean and standard
errors of the
perception of the
different materials

Plastic is convenient ; Material 00 (paper, glass, metal,
and plastic) in the
worthless @ @@@®® valuable 4 - = 4 80 dimensjons valuable,

convenient, good,

Otherwise perceived as - important, and natural

significantly less 2”7 . 1% 2 (N=316). The

desirable .;% - o respective Austr.ian
: : : 2 - 140 » gseparate collection

Higher-quality packaging rate (SCR) is

is more likely to be . 1,0 displayed for

recycled!*?! _ information purposes

Plastic has been 0 | | | o  asaline (right axis)

promoted as a Valuable  Convenient Good Important Natural containing the same

disposable product!3!

I Paper|  |Glass|  Metal| |Plastic

colors and starting at
the bar regarding the
material.

J. SCHLOSSNIKL, B. HARTL, A.M. LIPP, J LEDERER, V.-M. ARCHODOULAKI, HOW CONSUMERS PERCEIVE DIFFERENT MATERIALS, PACKAGING, AND WASTE: A PLASTIC-FOCUSED
ANALYSIS, DETRITUS / VOLUME 35 - JUNE 2026 / PAGES 3-15, HTTPS://DOI.ORG/10.31025/2611-4135/2026.19591

[1] J. Langley, N. Turner, and A. Yoxall, “Attributes of packaging and influences on waste,” Packaging Technology and Science, vol. 24, no. 3, pp. 161-175, Apr. 2011, doi: 10.1002/pts.924.

[2] B. Nemat, M. Razzaghi, K. Bolton, and K. Rousta, “Design affordance of plastic food packaging for consumer sorting behavior,” Resour Conserv Recycl, vol. 177, p. 105949, Feb. 2022, doi: 10.1016/j.resconrec.2021.105949.
[3] J. L. Meikle, American plastic: a cultural history. Rutgers University Press, 1995.




Mean and standard

ennsci: FHOW dO consumers perceive errors for the
A i erception of the
SIVERSTAT - materials as waste? perceptl

disposed of material
Even as waste, the other materials

(paper, glass, metal,
and plastic) in the

: : . | I -
are still perceived positively! i Waste ., dimensions
—— B ” valuable,
CKaging ecyciing- | convenient, good,
YECIEL rate 2021 4 - = - 80 important, and
o/ [1] ] ] !
% s B natural (N = 316).
Papier 81 2 3- . = 160 X The respective
Glas 82 .«..«8:. 1 . g Austrlqn separate
Metall 24 2 4 - 4140 @ collection rate
cta . . SCR*2] s displayed
Plastik 26 ;] ] P as a line (right axis)
| containing the same
* In the case of plastic packaging, the . _ _ _ _ 0 colors and Startlng
difference is due to sorting losses in Valuable  Convenient Good Important Natural at the bar.regardlng
sorting plants, resulting in lower I Paper | Glass [ | Metal [ | Plastic the material.
recyCIIng rates than SCRS J. SCHLOSSNIKL, B. HARTL, A.M. LIPP, J LEDERER, V.-M. ARCHODOULAKI, HOW CONSUMERS PERCEIVE DIFFERENT MATERIALS, PACKAGING, AND WASTE: A

PLASTIC-FOCUSED ANALYSIS, DETRITUS / VOLUME 35 - JUNE 2026 / PAGES 3-15, HTTPS://DOI.ORG/10.31025/2611-4135/2026.19591
1] BMK. (2024). DIE BESTANDSAUFNAHME DER ABFALLWIRTSCHAFT IN OSTERREICH, STATUSBERICHT 2024.

MAT-DAY 26 VM Archodoulaki 2 A -M. LIPP, J. LEDERER, THE CIRCULAR ECONOMY OF PACKAGING WASTE IN AUSTRIA: AN EVALUATION BASED ON STATISTICAL ENTROPY AND MATERIAL, 54
FLOW ANALYSIS,, RESOURCES, CONSERVATION AND RECYCLING,217, 2025,108193, HTTPS://DOI.ORG/10.1016/J. RESCONREC.2025.108193.
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Free Associations

- Plastic: "too much”, ——
"unnecessary" and
"environmental pollution”

- Glass: "packaging material",
"heavy" then very positive

« 80% of the categorized
associations of plastic are
negative and 30% of glass

too much
unnecessary
environmental pollution
waste

existing alternatives
hygienic
convenient
negative emotion
packaging material
positive emotion
redundant
unhealthy
extending shelf-life
nothing

protective
recycling
incomprehensible
microplastics
necessary

ocean pollution
miscellaneous

(4

H@@%%uuugguguu

a) Plastic

positive

negative

neutral

positive, negative or neutral

packaging material
heavy

positive emotions
reusable
recycling

better

DRS

sustainable
environmentally friendly
no DRS

hygienic

fragile

difficult transport
expensive
inconvenient
dangerous
healthy

seminal
greenwashing
tasty

waste
miscellaneous

J. SCHLOSSNIKL, B. HARTL, A.M. LIPP, J LEDERER, V.-M. ARCHODOULAKI, HOW CONSUMERS PERCEIVE DIFFERENT MATERIALS,

PACKAGING, AND WASTE: A PLASTIC-FOCUSED ANALYSIS, DETRITUS / VOLUME 35 - JUNE 2026 / PAGES 3-15,
HTTPS://DOI.ORG/10.31025/2611-4135/2026.19591
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Consumer perspective

m The negative Image of plastic is deeply rooted

m Perseption of plastic is poorer than that of any other material
m as product

m as waste

@ Consumers represent an indispensable factor for the circular economy 1]

RECICLA
Al Amarillo

(-5 Symbols and clear messaging are required!!] > plastic is valuable

@
@2{) Standardized labeling from collection through to the finished product

J. SCHLOSSNIKL, B. HARTL, A.M. LIPP, J LEDERER, V.-M. ARCHODOULAKI, HOW CONSUMERS PERCEIVE DIFFERENT MATERIALS, PACKAGING, AND WASTE: A PLASTIC-FOCUSED ANALYSIS, DETRITUS / VOLUME 35 - JUNE
2026 / PAGES 3-15, HTTPS://DOI.ORG/10.31025/2611-4135/2026.19591

[1] J. KIRCHHERR, D. REIKE, AND M. HEKKERT, “CONCEPTUALIZING THE CIRCULAR ECONOMY: AN ANALYSIS OF 114 DEFINITIONS,” RESOUR CONSERV RECYCL, VOL. 127, PP. 221-232,. 2017, DOI:
10.1016/J.RESCONREC.2017.09.005.

[2] N. D. STEENIS, E. VAN HERPEN, I. A. VAN DER LANS, T. N. LIGTHART, AND H. C. M. VAN TRIJP, “CONSUMER RESPONSE TO PACKAGING DESIGN: THE ROLE OF PACKAGING MATERIALS AND GRAPHICS IN
SUSTAINABILITY PERCEPTIONS AND PRODUCT EVALUATIONS,” J CLEAN PROD, VOL. 162, PP. 286-298,,2017, DOI: 10.1016/J.JCLEPRO.2017.06.036
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Key Objective: Preventing Contamination

m Sleeves or Cardboard Wrappers: Advantage for Pure PP Recycl

m Detachable solutions: The use of self-detaching sleeves is required to ensure
clean separation during the washing and recycling phase

m Blending Tolerances for IM & TF

Homogeneous Material Stream - Higher Recycling Quality

J. SCHLOSSNIKL, L. GRITSCH, T. KOCH, V.-M. ARCHODOULAKI, DESIGN AND MANUFACTURING DIVERSITY UNDERMINE CIRCULARITY: THE CASE OF A SIMPLE YOGURT CUP, RESOURCES, CONSERVATION
AND RECYCLING, VOLUME 212, 2025, 107944, HTTPS://DOI.ORG/10.1016/J.RESCONREC.2024.107944.

Special focus was put on three- component (3C) yoghurt cups (consisting of a plastic cup, an aluminum cover,
and a carton wrap. Looking at the dismantling stage of separately collected cups, between 50-57% of 3C cups
and 72-88% of yoghurt cups with other decoration types were completely separated from their
subcomponents, enabling recycling of the plastic cup. However, 95% of all yoghurt cups (by number) in
Vienna were disposed of via mixed municipal solid waste and further incinerated, resulting in about 164
million yoghurt cups, primarily consisting of polypropylene, which are lost for mechanical recycling.

G. BRESLMAYER, L. GRITSCH, J. LEDERER, A CASE STUDY OF PLASTIC YOGHURT CUP S IN VIENNA
GLOBAL CHALLENGES, 2026; 10:E70144 HTTPS://DOI.ORG/10.1002/GCH2.70144
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M EcinsCHE The Critical Role of Sorting & Pretreatment

eThe Purity Requirement: Precise sorting is the bottleneck of the recycling industry
because subsequent processing technologies demand highly pure material fractions.
eFiber Separation: Accurate separation of natural fibers from synthetic fibers is essential,
as both groups require entirely different downstream recycling techniques.

*The Blended Fabric Challenge: Significant efficiency losses and separation issues arise
when a garment consists of a complex mixture of different materials.

eSorting Methodology: The industry utilizes a combination of manual sorting and
automated methods to maximize overall recycling efficiency and minimize environmental
impact (NIR, RFID, Bar Codes, TRL 8-9).

The Need for Traceability: Improved traceability of the specific materials and chemical
additives used in textiles is urgently needed to upgrade the efficiency of current sorting

technologies.

I.E. LANZ, E. LABORDA, C. CHAINE, M.BLECUA. A MAPPING OF TEXTILE WASTE RECYCLING TECHNOLOGIES IN EUROPE AND SPAIN. TEXTILES, 2024, 4, 359-390.
HTTPS://DOI.ORG/10.3390/TEXTILES4030022
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= Moving beyond the rigid "closed loop" dogma

m Design for Recycling and Design from Recycling are essential for any
progress

m Yogurt cups are a prime example of how too much diversity can be
counterproductive

m The status quo: Reducing weight is currently favored over improving
recyclability

m The negative perception of plastic is deeply embedded, we have to
change it
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M ECHNSCHE - The "Honesty Box™ Experiment

<) The Setup (Newcastle University)
e Context: An office coffee station relying on an honor system for payment.
eThe Variable: The poster above the money box changed every week:
e Week A: Images of Flowers %
e Week B: Images of Eyes ##
2l The Result
*3x More Cash: Payments tripled during the weeks with the "eyes" posters.
eZero Awareness: Not a single participant consciously noticed the influence.

. Kahneman’s Key Takeaway (System 1)
eSubconscious Trigger: Evolutionary cues (eyes) instantly signal "you are being watched."
e Automatic Honesty: Behavior changes without any rational, conscious deliberation.

DANIEL KAHNEMAN, THINKING, FAST AND SLOW
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rechnische P lastics Sortlng In South Korea is called "Bunri
M WIEN Baechul" (Zc2|UH= - Separate Discharge)

m Bin 1: Transparent PET bottles only (Labels removed)

m Bin 2: Colored PET & General Plastics (PP, PE, PS, OTHER mixed together)
m Bin 3: Expanded Polystyrene

m Bin 4: Plastic Bags / Vinyl wrappers (Snack bags, grocery bags)

The government does not expect citizens to look at the tiny numbers (1 through
7)

to sort PP from PE. The consumer's strict responsibility focuses on material
condition:

be washed out, it cannot go into the plastic recycling. The consumer must
throw it in the general burnable waste bag (Jongnyangje).

m Strip Labels: All vinyl stickers and labels must be peeled off and put into the

vinyl recycling stream. = gsapeiof:
- . T

v
N
MAT-DAY 26 VM Archodoulaki \



UNIVERSITAT
WIEN

M reciniscie  Challenges and Opportunities

Challenges

Sorting Limitations: Automated systems struggle with multi-layer films, dark-colored polymers, and
closely related resin types, leading to cross-contamination.

Washing & Decontamination: Removing organic residues, odors, and toxins requires high water and
energy consumption. Food-contact safety standards are difficult to meet.

Material Degradation: Repeated mechanical recycling shortens polymer chains, reducing quality.

Opportunities

Tech Innovation: Al-driven sorting, digital watermarks, and advanced washing

Policy Drivers: Strict EU mandates (like PPWR) enforce eco-design and mandatory recycled content.
Consumer Action: Consumer awareness and behavior impact the demand for recycled products.
Education campaigns and incentives can stimulate demand. Deposit-return schemes and
information improve collection rates and reduce contamination.
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,Recycling is just the aspirin for the collective
hangover of our consumption addiction®

source: unknown

Thank you for your attention!

VM Archodoulaki
vasiliki-maria.archodoulaki@tuwien.ac.at
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