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Background

* By 2060, plastic production is projected to triple
— contributing to 15% of global greenhouse gas emissions’

* Performing Life Cycle Assessments (LCAs) of plastic products is
crucial for understanding their environmental impacts

« EcoProfiles (PlasticsEurope) focus on cradle-to-gate analysis for
plastics/chemicals to provide LCI data (aggregated)
— Description of the technology and product
— Examines all resource inputs and emissions to air and water during
the production process

— Does not include further processing, product use or end-of-life

— Assesses the environmental impacts using an LCIA method

Mechanically

(pre-consumer. ) Mechanically
Other 58% recycled
thermosets (post-consumer)

7.6 13.2%

Bio-based &
bio-attributed

1.4%

Other
thermoplastics

10.9%

Chemically
recycled

0.2

8.3% PE-LD, -LLD
13.%

PlasticsEurope, Plastics —the fast Facts, 2024.

1 World Economic Forum The New Plastics Economy—Rethinking the Future of Plastics (Ellen MacArthur Foundation, McKinsey & Company, 2016).
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Intro to EcoProfiles

EcoProfiles (PlasticsEurope) focus on cradle-to-gate analysis for

plastics/chemicals. They provide LCI data (aggregated).

— Examines all resource inputs and emissions to air and water
during the production process

— High representation of industrial production capacity
— Aggregation ff Transparency
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LCI data for plastic recyclates

Existing EcoProfiles and LCI datasets focus on primary materials

— Covering rPVC, rPE and rPET etc. from SRP (upon request)
— Mostly secondary rPET and rHPDE (ei 3.11, license)
Current EcoProfiles are aggregated, limiting updates and detailed

supply chain analysis

The PRIMUS project addresses this by creating new EcoProfiles for
high-value recyclates (rABS, rHIPS, rPP) using European industry data

— Data contributes to the circular economy and sustainable development
— Enables environmental benchmarking against industry averages

— Supports eco-design by informed decisions in product development
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New EcoProfiles for recycled plastics — What do they look like?

Name Compatability Filesize Info
Recycled Plastics EcoProfiles ILCD v1 "_c D 12.8 MB Inventory for recycled plastics
coming from Europe.
Recycled Plastics EcoProfiles JSON-LD v1 {C@} 14.4 MB Inventory for recycled plastics
coming from Europe.
Recycled Plastics EcoProfiles PDFs v1 PDF 14.0 MB zip file with all EcoProfile

datasets in PDF format
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New EcoProfiles for recycled plastics - Where to find them?

* openLCA Nexus ~

‘ D L@ openLCA Nexus: The source for L+ X + B o X

| https://nexus.openlca.org/database/EcoProfiles%20Recycled%20Plastics %620 = (s
https://nexus.openlca.org/dat < ©C D @ =En =

openLCA Nexus | Databases Services Models Utilities LCAdatasearch Map Documents FAQs About Register Login

wo
a b a S e / E CO P rOfi I e S % 2 O Re Cyc I e leEMA}h o and an external review by experts from VTT, Finland. The datasets were created in 2024 and |

Environmental Footprints publisbedlinf2025

° idea
d % 2 O P I a St | C S % 2 O ARVI Available recyclates: rABS, rHDPE, rHIPS, rLDPE, rMPO, rPET, rPP, rPVC.

0zLCI2019
The Evah Pigments Database
Circularity Food Package

These datasets are licensed under the Creative Commons Attribution 4.0 International License
(CC BY 4.0).

soca Work funded by the European Union from the Horizon Europe Programme through the European

EuGeos' 15804-1A Health and Digital Executive Agency (HADEA) under the Grant Agreement No. 101057067.
EcoProfiles Recycled Plastics

NEEDS
ESU World Food

ELCD EcoProfiles Recycled Plastics v1.0 Database details
LC-Inventories.ch

Social Hotspots
ProBas ILco {‘z}
BioEnergieDat

worldsteel EcoProfiles
Okobaudat Recycled
LC-Impact LCIA Method Plastics v1.0
IMPACT World+ LCIA Method

openLCA LCIA Methods

Free

Go to downloads

https:/}n_exus.o_pe-nlc';.or.g;f-d-ai:;l;aseleco-Pr-o;‘iI;s Rec;tcl_ed Pi;-stics - EULA | Privacy Policy | Cookie Policy | Contact G ree n De LTa v
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New EcoProfiles for recycled plastics — Documentation

* openLCA Nexus

0 €@ openlCA Nexus: The source forle x 4+ o X

© https://nexus.openlca.org/database/EcoProfiles%20Recycled%20Plastics%20 ) & = (Signin @) ... g
O -
https://nexus.openlca.org/dat < °© :
) ) openLCA Nexus Databases Services Models Utilities LCAdatasearch Map Documents FAQs About Register Login W 0%

abase/EcoProfiles%20Recycle
d%20Plastics%20 OP‘en Lca ©penLCA Nexus

\, hexus Your source for LCA and sustainability data.

Databases xx
EN15804 add-on
ecoinvent -

PSILCA

Circularity Package p n I M u s

HiQLCD

Carbon Minds

PLEX

. Info Details Use advice Documents

Agribalyse

Agri-footprint

LCA Commons I EcoProfile_Recycled Plastics v1 Methodology.pdf (2.2 MB)

exiobase

UVEK LCI Data

IDEMAT _ EcoProfiles Recycled Plastics v1.0 Database details

Environmental Footprints

dea nen e )
https://nexus.openlca.org/database/EcoProfiles Recycled Plastics #dataprovider-attachments v
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New EcoProfiles for recycled plastics

* Cradle-to-gate & gate-to-gate
Datasets for recycled plastics in Europe

* Primary data collected in 2024 by
Plastic Recyclers Europe

* Publicly available

* Free
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EcoProfiles for Recycled Plastics

* Mechanically recycled plastics produced in Europe

* The full list of polymers is: rABS, rHDPE, rHIPS, rLDPE, rMPO, rPET, rPP and rPVC

* We produced 50 EcoProfiles for recyclates

Sorting plant

Supplemen- Compacting,
tary sorting baling

Waste Size

collection separation NIR-sorting

|

Recycling plant
I redd " : Regranulates
Optiona Shredding, Washing, Optiona y : . for production
Bale opening sorting by impurity density flakesorting Mel;tﬁltr?tlon, Quatlltyl & >
characteristic removal separation step extrusion contro J
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Data Collection

« 22recycling sites in 9 European countries
« Coverage of 2.8 -29.6%

* Polymers as granulates or flakes

— Waste streams are comprised of household,
industrial, WEEE, ELV, and construction sectors

— No data on quality

— Washing chemicals, flotation, water, energy,
transport

* Collection and Sorting is not primary data

GagreenbDeLTa 16



Principal Approach and Assumptions

» Cut-off between first and second life cycle

Primary plastic granulate production

— —

Secondary plastic granulate production

— —

* Multifunctionality: Physical allocation based on mass

» Waste stream information lost because of Confidentiality

GgreenbeLta 17



System Boundaries

| Background system I
: Transport Energy Raw materials I
' ' 1 I '
______ — — — — — A _— |

| |cradle-to-gate forieground gate-to-gate foregrounm |
| Mechanical Recycling | I

I

|

|

! Collection Size Recycled
|

|

Plastic
i i i Plastic
waste and Sorting reduction Washing Separation Extrusion —:—> o
| e | — — — — — — — — — |
| I
| Waste Wastewater |

Recyclable
By-products
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Aggregation and Regionalisation

7\
oPenLca parameters

\—/ T

Specific capacity for recyclate at site

Total specific capacity of recyclate

Pellets
Pellet production site 1

Flake production Flakes
site 1

Extrusion Pellets

Flake production Flakes
site 2

Pellets
Pellet production site 2

Pellets
Pellet production site 3

Average European
pellet production
data set

7\
OP€ENLCa
./

/

Connection to average European
background processes

Electricity

European
EcoProfile data

Additives sat

wmSQL

Connection to regional
background processes

EcoProfile data
set region 1

EcoProfile data

set region 2
European
EcoProfile data

set
EcoProfile data

set region 3

EcoProfile data
set region 4
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(@ ¢'-_| Cleaning censumables, with water =

( &) HDPE waste dummy =

[: 5] Mixed plastic waste dummy =)

( &) PETwaste dummy S

( &) PP waste dummy =)

(@ &) Transport, forklift, propane-driven ()

(@EJ market for chemical, organic | ... &

@arka group for electricitym

(@ &) market group for heat, district or.. @

(@ &) market for magnesium sulfate| ... @

((—B &) market for polydimethylsiloxane... =)

[:(-B &) market for sodium chloride, pow... &)

{:@ & market for sodium hydroxide, wi.. @

(@ &) market group for tap water [tap ... @

(@ &) market for transport, freight, lorr... (@
@

(@ %] waste preparation facility constr...

Regionalisation in openLCA

N

(5] Eco profile, PP pellets - 1 kg - \ ©)
/

\

1 chemical, organic 3.00E-4 kg
@1 Cleaning consum... S.01E-5 kg
@1 electricity, lowvol.. fie 136 M
1 HDPE waste (wH... 6.30E-2 kg
1 heat, district or in... 0.26 M)
1 magnesium sulfate 1.23E-3 kg
1 Mixed Plastics Wa... 1.37 kg
1 PET Waste (wPET) 3.15E-2 kg
1 polydimethylsilox... 6.50E-5 kg
1 PP waste (WPP) 5.31E-3 kg
1 sodium chloride, ... 1.18E-3 kg
@1 sodium hydroxid... 5.23E-5 kg
1 tap water 0.34 kg
@1 Transport, forklift,... 4.11E-5 t*km
1 transport, freight, ... 3.95E-2 t*km

1 waste preparation... fit 2.00E-9 ltem(s)

2 Eco Profile, PP - 1 kg 1.00 kg
[l municipal solid waste 0.25 kg
[l raw sludge T.80E-2 kg

[l Waste fraction - diverse - ... 1.11E-3 kg
[l Waste fraction - metal - r... 6.95E-3 kg

[l waste mineral oil 268E-5 kg
[l waste plastic, mixture 2.36E-2 kg
wastewater, average 5.30E-4 Jh3

L% A

7\
opPenLca

.

= tr'-.| Waste fraction - diverse - recycli... j

: tr'-.| Waste fraction - metal - recyclin... j
L ——

market greup for municipal soli..

@ &) Sludge waste treatment - inciner...

{@ &r] market group for waste plastic, ... (—B}

M market for wastewater, average |ﬁ
\ /

@ &) market for waste mineral oil | wa... @j

-y
=5QL
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ur Approach to Aggregation Issues

Quality of the produced recyclate not quantified
Variation of inventory data

¥ Inputs

Flow

|2 chemical, organic
2 sodium chloride, ...
£ magnesium sulfate

2 transport, freight, ...

2 heat, district or in...
% tap water

1] electricity, low vol...

£ Plastic waste, sort...

£ waste preparation...

Category
C:Manufacturing/20....

B:Mining and quarryi...
B:Mining and quarryi...
H:Transportation and...

D:Electricity, gas, ste...

E:Water supply; sewe...

D:Electricity, gas, ste...
EcoProfiles/Plastic In...
F:Construction/42:Ci...

Amount Unit
0.00030 £ kg
0.00118 ™ kg
0.00123 M kg
0.03948 [ t*km
0.25844 3 M)
0.33780 ™ kg
0.02119+... I MJ
1.47000 &9 kg
1.0/5000... E3 jtem(s,

4] Inputs/Outputs - Eco Profile, PP pellets - 1 kg - gtg - disaggregated -

lognormal: gmean=0.000300000 gsigma=1.1095.
lognormal: gmean=0.00118000 gsigma=1.10954
lognormal: gmean=0.00123000 gsigma=1.10954
lognormal: gmean=0.0394800 gsigma=1.05433
lognormal: gmean=0.258440 gsigma=1.07476
lognormal: gmean=0.337800 gsigma=1.05819
lognormal: gmean=1.36234 gsigma=1.10954
lognormal: gmean=1.47000 gsigma=1.10954
lognormal: gmean=2.00000E-09 gsigma=2.28109

A. Provider
&) marke..

a marke.
) markel. (2:4;1;3;1)
markg.. (2;1;1;3; 1)

S35 53

©2 Transport, forklift, ... EcoProfiles/Other 4.10852E-5 ™ t*km lognormal: gmean=4.10852E-05 gsigma=1.10954 Transp
3 Cleaning consuma... EcoProfiles/Additives ~ 5.00758E-5 I kg lognormal: gmean=>5.00758E-05 gsigma=1.10954 J &) Cleani.\
2 sodium hydroxide... C:Manufacturing/20:... 5.23439E-5 I kg lognormal: gmean=5.23439E-05 gsigma=1.07476 &) marke...

v Outputs (
Flow Category Amount Unit Costs/Re... Uncertam Provider  Data qualit.. Location  Descript
21 Eco Profile, PP p... EcoProfiles/Referen... 1.00000 ™ kg lognorm... (2:1;1;3;1)

o municipal solid wa... E:Water supply; sewe... 0.25487 3 kg lognorm... &) marke... (2::2;1;3;7)
[l raw sludge EcoProfiles/Waste 0.07803 ™ kg lognorm... 3 Sludg... (2;2;1;3;1)
[l Waste fraction - di... EcoProfiles/Waste 0.00111 ™ kg lognorm... "ﬂ Waste... (2;4;1;3;1)
[l Waste fraction - m... EcoProfiles/Waste 0.00695 1 kg lognorm... o) Waste.. (2;3;1;3; 1)
[l waste mineral oil  C:Manufacturing/23:... 2.68222E-5 ™ kg lognorm... 8] marke... (2;4;1;3;1)
[1] waste plastic, mixt... E:Water supply; sewe... 0.02363 ™ kg lognorm... a) marke... (2;3;1;3;1)
[1] wastewater, avera... E:Water supply; sewe... 0.00053 9 m3 lognorm... o) marke... (2;2;1;3; 1)
@ plastic litter 0.00126 9 kg lognorm... (5;5; 5 5; 5)

oP€eNnLca
; N

Monte Carlo simulation

. EH -

|—|E||—||

1.082

<Fesults: 1000 Mean: 2.249 Standard deviation: 1.113 5% percentile:

1.308 95% percentile: 4062 Median: 1.933>
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Additional Data — Plastic Littering Risk

Estimation to close the gap of microplastics emissions and particulate matter

Application of the logic of the PLEX database on a dataset basis

%) Inputs/Outputs - Eco Profile, PP pellets - 1 kg - gtg - disaggregated - EU27+3

« Inputs
Flow Category Amount  Unit Provider Data quality entry
3 chemical, organic C:Manufacturing/20:Manufacture of ch... 0.00030 ™ kg ¢'-_| market forche.. (2 4:1:3;1)
2 Cleaning consumahles, with water EcoProfiles/Additives 5.00738E-5 M kg &) Cleaning cons.. (24 1:3: 1)
22 electricity, low voltage D:Electricity, gas, steam and air conditio.. 0.02119+1.34115 =@ M) & market groupf.. (24 1:31)
2 heat, district or industrial, natural gas D:Electricity, gas, steam and air cenditio... 0.25844 ™M pA) &) market group f..  (2:3:1:3;1)
£t magnesium sulfate B:Mining and quarrying/07:Mining of m... 0.00123 M kg &) marketforma.. (24 1:31)
3% Plastic waste, sorted EcoProfiles/Plastic Inputs 147000 I kg ¢'-_| Plastic waste d... (% 4:1:3;1)
SR NN Y N Pt PR MM £ b SWAMA_ o b _E L cEcncaTr £ mm .- | [P S PN N N L
= Outputs
Flow Category Amount  Unit Provider Data quality entry
1 Eco Profile, PP pellets - 1 kg EcoProfiles/Reference recycled plastics 1.00000 ™ kg 2:1:1:3; 1)
[ municipal solid waste E:Water supply: sewerage, waste manag.., 0253487 M kg o] market groupf.. (2 2:1:3 1)
[ raw sludge EcoProfiles/\Waste 0.07803 M kg ) Sludge wastetr.. (2 2:1:3:1)
[l Waste fraction - diverse - recycling cu... EcoProfiles/Waste 0.00117 3 kg 'ﬂ Waste fraction .. (24 1;3:1)
[ Waste fraction - metal - recycling cut-... EcoProfiles/\Waste 0.00695 M kg '|:| Waste fraction ... (2 3;1:3;1)
[l waste mineral oil C:Manufacturing/23:Manufacture of oth... 2.68222E-5 ™ kg '|:| market forwas... (24 1;3:1)
[1] waste plastic, mixture Lote T TR ST T T T e ey el et groupf.. (23 1:3:1)
Wﬁge E:Water supply; sewerage, waste manag... 0.00033 @ m3 &) market for was... i b
< @) plastic litter 0.00126 M kg (5 5%5%59)
— S —
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Validation and Benchmarking using openLca projects

Validation (ecoinvent 3.11):

100%
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I Eco Profile, rHDPE pellets - 1 kg |l eccinvent, rHDPE pellets - 1 kg
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Benchmarking:

100%

I Eco Profile, rHDPE pellets - 1 kg [l eccinvent, HDPE pellets - 1 kg
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Review

* Review through independent experts from VTT
* Methodology, individual reports and exemplary data set
» Verification of process inventories and LCIA results

» Confirms the applicability of the method for future dataset production process

GagreenbDeLTa 24
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What is Available?

1 BACKGROUND INFORMATION L

1 1 BACKGROUND INFORMATION

* » | 1 BACKGROUND INFORMATION
-« 4 | | 1 BACKGROUND INFORMATION
PRIM 1 |11 BACKGROUND INFORMATION ha

International Reference Life Cycle Data

3 - The primary purpose of this document is to present the Eco-profile for recycled
polyethylene terephthalate (fPET) granulate as result of the Horizon Project
1 PRIMUS. The project seeks to provide a comprehensive understanding and data
of the environmental impacts associated with mechanically recycled plastics.

- Mechanical recycling. invalves. the collection and sorting. of post-consumer PET
1 containers, such, as hottles and packaging, followed, by shredding to give PET
flakes, washing, (density. separation) and extrusion to produce rPET granulate,

. - (PELis a versatile material known for its wide array of applications in packaging,
EcoProf'Ie Methodology for 4 textiles, and beyond. It serves as a key ingredient in the production of new
beverage bottles, food containers, and personal care product packaging. The

. 1 usage of mechanically recyled rPET resin reduces the use of fossil fuels and energy
PlaStIC Recyclates | compared to the sourcing and production of chemical recycled and primary PET.

The herein presented Eco-profile follows the 1SO 14040-14044 (SOURCE)
standards and was internally reviewed by PlasticRecyclersEurope and experts from

2 the Finnish research company VTT and is intended for LCA practitioners and
| | sustainability researchers, stakeholders in the field of plastic recyclates
Jonas Hoffmann, Max Bring Andreas Ciroth 2
GreenDelta GmbH 13 - Data sets published with this report represent aggregated data from this
collection. Details for the methodology used for this Eco-profile can be found in
March 2025 ! gy L P
411 the accompanying methodology publication
. 1 2
Version 1.2
1 1 2 MODEL DESCRIPTION
LCA method overview
Background database | Ecoinventva 10 L - This Eco-profile represents an average of European industry for mechanical (PET, . )
Dataset bpe Cutoff, unit processes proquction. Data was collectev# in 2022 in France, Germany, ltaly, Switzerland and Spec|f|c gu|de
Deciared unit Production of 1 kg of mechanically recycled | Spain, represents the recycling of 100% household wastes, and X% of the .
polymer pellets (or flakes) [ ]’ European installed mechanical recycling capacity. for I.lfe C\\"de |rlverlt0ry data Sets
150 conformity 15O 14040 and 14044 structurs, internal review
et mcizs] i~ tprint 3.1 - The herein generated Eco-profile represents a life cycle inventory in a ‘gate-to-
Software opznbGA 24 gate' fashion for production of PET plastic recyclate granulate. The product under
P bougEep) Cradle-to g e et T investigation is recycled PET granulate. The main production steps in mechanical
recycling of this granulate included in the system boundaries of the Eco-Profile are
T visualised in Figure 1.

m Funded by the European Unien's Horizon Europe Programme under Grant Agreement No. 101057067

Figure 1: System description and boundarie, Fallowing the PRE recycling scherne
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Methodology Repor

-« ™
« w»

PRIM

EcoProfile Methodology for

Plastic Recyclates

Jonas Hoffmann, Max Bringmann, Andreas Ciroth
GreenDelta GmbH
March 2025

Version 1.2

LCA method overview

Background database | Ecoinventv3.10

Dataset type Cut-off, unit pracesses

Declared unit “Production of 1 kg of mechanically recycled
polymer pellets (or flakes) [ ]

150 conformity 150 14040 and 14044 structure, internal review

LCIA method Environmental Footprint 3.1

Software aRsnkGA 2.4

System boundary Cradle-to-gate and gate-to-gate

m Funded by the European Union's Horizan Europe Programme under Grant Agreement No. 101057067

=
-
PRIM

Contents
1 Introduction and Overall Picture 7
2 Rolesand R ibilities, 10
3 Purpose of, \ 10
4 ound and Data \ 11
5 tate-of-the-art | ical Recycling \1 2
5.1 Recovery of Plastic Waste ........

5.1.2  Mechanical Recycling for WEEE Plastic Waste....

511 Mechanical Recycling for Packaging Plastic Waste ................coo...

5.1.3  Sustainability Considerations

5.2 WEEE plastics (ABS, HIPS)
5.2.1  Introduction

5.2.2  Recycling Proce

5.2.3  Sustainability Considerations

53 PP

53.1  Introduction

5.3.2  Recycling Pre

5.3.3  Sustainability Considerations

5.4 Rigid PVC
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Individual EcoProfile Reports
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Datasets

JSON-LD Dataset Showcase in openLCA
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Outcomes of the research project summarised

* Methodology for the creation of average LCl data sets

50 EcoProfiles for plastics recyclates
— Individual reports
* Full process inventory breakdown
 CED, plastic littering risk and EF 3.1 life cycle impacts with uncertainty

— Datasets in ILCD format
 Aggregated for direct use (with an ecoinvent license)
- Disaggregated for direct use with ecoinvent 3.10 or use in other databases (free)
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Where to find all of this?

* On openLCA Nexus, EcoProfiles Recycled Plastics entry under Databases

* O RHOIL WO

O fnmfl [ Usehon 3 Zeug (5 Food [ Un [ obe [ Webrachies 3 Wobnungsoong [ GeenDets £ Moter £3 el 3 Wiebpoge wchoe

i |Disbases| Sewvices Models Unilies LCAdutasewch Map Docume

* ORZOILwO

O3 Anstf 0 Usehistofl [3Zewg D3 food T3 Un [ kb [ Webrachten [ Womnungsmewg [ Geenbets [ Moster [ Tovel Webpope srchive

orPenLca openLCA Nexus
\_!"IEXIJS

Your source for LCA and sustainability data

X2

PRIMUS

openLCA Nexus

Your source for LCA and sustainability data

&L

PRIMUS

The datasets can be found in the downloads section
v Recycled Plastics EcoProfiles
O Recycled Plastics EcoProfiles ILCD v1 1 ILCD Show licence info
] Recycled Plastics I:Z/:oProfiIes JSON-LD 1 JSON-LD

Show licence info
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https://nexus.openlca.org/database/EcoProfiles%20Recycled%20Plastics
https://nexus.openlca.org/downloads/
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Further Development and Update of EcoProfiles

* Continuation in the STOPP research project
— Data collection in collaboration with individual recyclers
— Deadline: 31.01.2026

» This will likely result in adaptations of the original methodology
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Version 1.2

LCA method overview

Background database

Ecoinvent v3 .10

Dataset type

Cut-off, unit processes

Declared unit

Production of 1 kg of mechanically recycled
polymer pellets {or flakes) [ . |

1SO conformity

ISO 14040 and 14044 structure, internal review

LCIA method

Environmental Footprint 3.1

Software
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System boundary

Cradle-to-gate and gate-to-gate
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