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LCA Inventory and scenario building
Acronyms

CFF: Circular Footprint Formula

EF: Environmental Footprint

LCA: Life Cycle Assessment

LCI: Life Cycle Inventory

PEF: Product Environmental Footprint

PEFCRs: Product Environmental Footprint Category Rules
PP+M: PreProduction & Manufacturing

Pt= Points

EoL: End-of-life

EF: Environmental Footprint

Definitions

Life cycle Assessment (LCA) — Compilation and evaluation of the inputs, outputs
and the potential environmental impacts of a product system throughout its life
cycle (ISO 14040:2006).

Product Environmental Footprint Category Rules (PEFCRs) — Product category
specific, life cycle based rules that complement general methodological guidance
for PEF studies by providing further specification at the level of a specific product
category. PEFCRs help to shift the focus of the PEF study towards those aspects
and parameters that matter the most, and hence contribute to increased relevance,
reproducibility and consistency of the results by reducing costs versus a study
based on the comprehensive requirements of the PEF method. Only the PEFCRs
listed on the European Commission website:

(http://ec.europa.eu/environment/eussd/smgp/PEFCR_OEFSR_en.htm) are
recognised as in line with this method).
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L.TINTRODUCTION

The primary aim of this document is to establish the methodology for future
comparative analyses, explain the data collection process, and outline the datasets to
be used. These elements are crucial for ensuring a solid and reliable framework for
comparisons, aligned with the project's objectives.

It was necessary to make several changes respect to the analysis presented in D6.1A
and D6.1B due to the following reasons:

Variations in product quantities: The contained food weight in the packaging selected
for the new reuse systems have significantly changed compared to the state-of-the-
art. This would have led to inconsistencies on the comparative analysis making it
necessary to adjust the analysis framework.

Alignment of the two research streams: To ensure consistency between the two
research streams: reuse and substitution, parameters related to state-of-the-art
substitution products were also updated, allowing for a more effective comparison.

Based on these considerations, the following parameters have been integrated or
modified:

Functional Unit definition: A standardized Functional Unit of 100g has been set to
ensure comparability between all the studies.

Distribution data relevant to both systems: Transport data on distribution has been
integrated to all the studies (both the state-of-the-art analysis and substitution
products), in order to align all the comparisons.

Integration of the Circular Footprint Formula (CFF): The inclusion of CFF will further
refine the environmental assessments.

Update of Simapro and datasets: SimaPro version 9.6.0.1, the ecoinvent 3.10 datasets,
and the EF 3.1 impact assessment method were implemented.
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2.1PART A: SUBSTITUTION

The main scope of the Substitution research is to develop innovative paper-based food
packaging solutions, with a minimum of 90% paper ratio and able to fully substitute
existing complex multi-component flexible and rigid plastic packaging, the latter called
state-of-the-art products.

The first part (A) of the deliverable D6.1 (https://www.r3pack.eu/livrables) provided the
results of Life Cycle Assessment (LCA) studies related to ten existing plastic-based
packaging (state-of-the-art) selected to be substituted by cellulosic materials.
WP4 activities are divided in two different routes:

-l Long-term: strong R&D/pilot work with experts to develop innovative packaging
solutions by targeting very high biobased and paper ratio, while preserving the
food product shelf-life.

-l Short-term: relevant commercial paper-based packaging solutions (flexible or
rigid) regularly proposed to the industrials to validate the transfer to the
packaging line (technically complicated), with a view to commercialization.

The data collection phase has retrieved data for commercial materials. Table 1 presents
both the single-use products initially identified and assessed in D6.l1A and the
substituted alternatives introduced. As shown in Table 1, many of the selected plastic
packaging options have been substituted by paper-based materials. No change in size
is occurred for this selection.

Tab 1. Products analyzed for Substitution

Food category: Prepared fruit

Product: Florette Shaker Ananas
Preformed PET

y— Format Shaker, thin PET
2 foil lid _

Food weight 400 ml No material selected

Company Floréale

LCA ID o1

Food category: Prepared salad
Product: Salad MDD
Format PET Tray Format Cardboard bowl +

barrier coating

Food weight 250 g Food weight 250 g

Company LSDH Company  LSDH
LCA ID 02 LCA ID 02-s
Food category: Sour cream
Product: Yoghurt
Format PP Cup Format LDPE + Paperboard
4 + HDPE
@’ Food weight 200 g Food weight 200 g
. Company Yoplait Company  Yoplait/SODIAAL
LCA ID 03 LCA ID 03-s
Food category: Yoghurt
Product: Greek Yoghurt
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wet molded
Format PP Cup Format cellulose + PE
Food weight 450 g Food weight 200 g
Company Yoplait Company
LCAID 04 LCAID 04-s

Food category: In-shop product
Product: Pork chop

cellulosic +
EPS Tray Format modified starch
500 g Food weight 1355 ml
System U
(none) Company &yCarrefour
05 LCA ID 05-s

Food category: Bagged salad
Product: Florette Mache

OPP Film Format E:Eeached paper +
125¢g Food weight 125 g

Floréale Company Floréale

06 LCAID 06-s

Food category: Butter
Product: Butter classic

Aluminium & OPP Paper + Aluminium
Film Format + coating

2509 Food weight 250 g
Sodiaal Company Sodiaal
o7 LCAID 07-s

Food category: Cheese
Product: Grated cheese

OPA & LDPE Film Format Paper + Aluminium

+ coating

180 g Food weight 180 g
Sodiaal Company Sodiaal
08 LCAID 08-s

Food category: Chips

Product: Peanutes curl
OPP Film Format Paper + PP
125¢g Food weight 125 g
Altho Company Altho
09 LCAID 09-s

Food category: Savory biscuits
Product: Savory biscuits

OPP Sachet &
Cardboard Format Paper + PP
85-105 g Food weight 85-105 g
Europe Snacks Company  Europe Snacks
10 LCAID 10-s
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2.1. GOAL OF THE STUDIES

The aim of this study is to compare the paper-based packaging solution selected in
WP4 to the “state of the-art" solution. The impact evaluation will be conducted
through Life Cycle Assessment (LCA) defined by standards ISO 14040 and 14044,
using the SimaPro software (PRé Sustainability). The impact assessment will be
carried out considering datasets and environmental indicators defined in the PEF
methodology proposed by European Commission. The standard methods to measure
the life cycle environmental performances have been included in the Commission
Recommendation 2021/2279 published in December 2021. Environmental Footprint
(EF) methods are in a transition phase, and — to date — no PEFCRs are available for
packaging products.

2.2 SCOPE OF THE STUDIES

a. Functional Unit and reference flow

The Functional Unit of the analyzed system is defined as follows: “The packaging
required to contain, protect, and preserve 100 grams of food over the duration of the
expected shelf life, to ensure food safety, quality, and integrity throughout the
distribution chain”.

Tab 2. Functional Unit aspects

Contain, preserve, protect food, and provide product
i) Functions or services information about the product content defined in the
provided (What) "Food category" item in Table 1 (e.g. prepared fruits)
throughout the distribution chain.

ii) Extent of the function (How

much) The quantity of product to be packaged is 100 grams.

iii) Expected level of quality

(What quality) Guarantee food safety performance and shelf-life

iv) Duration/lifetime of the

product (For how long) Equal to the food’s expected shelf-life.

The mass of packaging material (single-use or allocated

Reference Flow for reuse cycles) required to deliver 100 grams of food.
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2.3 SYSTEM BOUNDARY

The nine food categories selected in the state-of-the-art for substitution in RSPACK
project have been: bagged salad, butter, cheese, chips, in-shop products, prepared
salad, savory biscuits, prepared fruits and yoghurt. The project partners have
selected a representative product for each category (both state-of-the-art and
substituted product) and are those in Table 1.

The analyses will consider primary packaging raw material acquisition and pre-
processing, manufacturing, distribution stage and end-of-life. Use stage, secondary
packaging, packaging-related food waste, packaging geometric features (e.g.
emptyability) and the packaging filing phase will be excluded from the system
boundary because they are taken as unvaried characteristics for the substitution
purpose. All the processes attributed to the packaging are listed in the Life Cycle
Inventory (LCI) divided by life cycle stages. Here below, a list of the processes
considered for each stage is provided:

! Raw material acquisition and pre-processing: this life cycle stage begins
when resources are extracted from nature and ends when product
components enter the packaging production plant. In particular, it includes the
pre-processing of material inputs. The transportation related to the acquisition
of raw material is partly modelled by Ecoinvent (embedded in the Market
processes, selected whenever available).

! Manufacturing: the production stage begins when the product components
enter the production site and ends when the finished product leaves the
production facility. The transportation related to the acquisition of material is
partly modelled by Ecoinvent (embedded in the Market processes, selected
whenever available).

! Distribution stage: this phase corresponds to the packaged product's
distribution and storage (warehouse/retail). It won’t be associated with any
process both for the lack of primary data and considering that with the same
Functional Unit (that should be adopted to establish comparative analyses in
the following deliverables), impacts related to distribution are comparable
between the state-of-the-art packaging and the one manufactured with newly
materials.

! End-of-life: this stage begins when the user disposes of the packaging and
ends when it is returned to nature as a waste product or enters another
product’s life cycle (i.e. as a recycled input). In this case, recycling operations,
incineration and landfiling are considered. The following analyses will account
for incineration and landfiling-related contributions to define the impact
assessment results. At the same time, processes that offer environmental
benefits, such as recycling and energy recovery, are excluded from the
calculation due to the cut-off approach that will be described later. A specific
waste scenario has been modelled for the analyses considering French data
on packaging EoL.

! System boundary diagram: the following map in Figure 1 shows the different
life cycle stages considered. Pre-processing and Manufacturing phases,
Distribution and End-of-life are merged in the process inventory and in the
presentation of the results. As described above, use is not associated with any
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flow.
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2.4 ENVIRONMENTAL FOOTPRINT IMPACT CATEGORIES

LCA results are presented through various environmental impact categories. For the
impact assessment all the 16 EF (Environmental Footprint) impact!categories shown
in Table 3 are considered together with an all-encompassing value expressed in Pt
obtained by weighting the different categories through appropriate factors. In the
interpretation phase, only the most relevant impact categories are considered. Table
3 shows the list of all the EF 3.1 impact categories and related indicators and units are
provided..

Tab 3. EF 3.1 impact categories and related indicators and units.

Accumulated Exceedance

Acidification (AE) mol H+ eq Accumulated Exceedance
Radiative forcing as Global Baseline model of 100
Climate change Warming Potential kg CO2 eq years of the IPCC (based
(GWP100) on IPCC 2013)
Ecotoxicity, Comparative Toxic Unit for
freshwater ecosystems (CTUe) CTUe USEtox model
Fraction of nutrients
Eutrophication, reaching
marine marine end compartment KgNeq EUTREND model
(N)
Fraction of nutrients
Eutrophication, reaching
freshwater freshwater end N EE EUTREND model
compartment

1 Zampori, L. and Pant, R., Suggestions for updating the Product Environmental Footprint (PEF) method, EUR 29682 EN,

Publications Office of the European Union, Luxembourg, 2019, ISBN 978-92-76- 00654-1, doi:10.2760/424613, JRC11595. 1 3.2.3
Environmental Footprint impact categories, Tab. 2
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P
Eutrophication, Accumulated Exceedance
terrestrial (AE) mol N eq Accumulated Exceedance
Human toxicity, Comparative Toxic Unit for
cancer humans (CTUh) CTuh USEtox model
Human toxicity, Comparative Toxic Unit for
non-cancer humans (CTUh) o CTuh USEtox model
lonising radiation reﬁ?tﬂ,l?ﬁpgggée efficiency ggq U-235 Human health effect model
Land use Soil quality index eD;g]?gslonl fgmgl,&a'('?&"éjg)x based on
q Ozone Depletion Potential kg CFC-11 Steady-state ODPs as in

Ozone depletion (ODP) eq (WMO 1999)
Particulate matter Impact on human health ialgease Eyljrl]\leEtlgOd recommended

: : LOTOS-EUROS model as
Photochemical Tropospheric ozone kg NMVOC . : :
ozone formation concentration increase eq %%gmented in ReCiPe
Resource use, Abiotic resource depletion —
fossils fossil fuels (ADP-fossil) MJ CML 2002

Resource use,

P Ty Abiotic resource depletion kg Sb eq CML 2002

(ADP ultimate reserves)

metals

User deprivation potential

(deprivation-weighted ; Available WAter REmaining
Water use water m3 depriv. (AWARE)

consumption)

2.5 DATA COLLECTION AND QUALITY

a. Data collection

In the present deliverable D6.2, the comparison between the packaging materials
should have been initially between the state-of-the-art and the paper-based
packaging solutions developed in WP4 with experts.

Due to the complexity of obtaining new cellulose based packaging materials with all
the required properties and performances, it was decided to have a short term
strategy for pilot and industrial up-scaling towards a potential demonstration, using
mature barrier products commercially available and with a potential compromise on
fossil-based content.

Consequently, in this deliverable the comparison is made with these packagings
identified among those already available on the market. The research activity
continues in parallel with a long-term strategy, which involves laboratory work and
may eventually be considered in the final comparative analyses.

To build the life cycle inventory (LCI), a data collection form was sent to (RE)SET .
Tab. 4 shows a fac-simile of the data collection model: was asked to specify, for each
layer of the packaging, the material (possibly accompanied by the relative technical
datasheet), the weight in grams of the layer itself and its manufacturing process(es).
Was also asked to indicate packaging nominal capacity, the overall production
technology and to provide a reference image of the product.

The data collection is based on commercial solutions and some products are more
detailed than others. Indeed, as most of them are only “theoretical” products, it has
been assumed that the dimensions are the same as the ones of the state-of-the-art
packaging solutions.

The paper-based packaging solutions chosen are commercial products, for
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confidentiality reasons the name of the product is omitted.

Tab 4. Fac-simile of data collection model

Name of the NEW product

PRODUCT COMPOSITION

WEIGHT WEIGHT
ial name of the produ
(Material Data Sheet) UNIT UNIT

Process technology

PACKAGING BODY

(OVERPRINT VARNISH
OTHERS

[TOTAL PACKAGING WEIGHT

Packaging production technologies (Indicate the type of processes, e.g:
lextrusion, lamination, thermoforming, folding and cutting, printing, dyeing)

b. Data quality

To support the initiation of Life Cycle Assessment (LCA) studies, the quality and
consistency of the collected data are essential. In the present data collection,
regarding Substitution, it is possible to see primary and secondary data sources.

In particular, for primary data, detailed information on packaging layers—including
materials, weights, manufacturing processes, nominal capacity, and production
technology—was provided by (RE)SET, supplemented with reference images to
ensure accurate representation. Where detailed information was not available or for
some commercial products, reference was made to Ecoinvent database to ensure a
solid and comprehensive basis for our LCA assessments.

The secondary data included in this study cover key aspects such as Material
Composition, which provides insights into the packaging materials' families, combining
primary data from (RE)SET with supplementary information from the Ecoinvent
database. Production Processes are detailed using standardized datasets from the
Ecoinvent database, ensuring alignment with industry norms and practices. Finally,
End of Life (EoL) processes are sourced from EUROSTAT and the EU Commission.

Temporal Representativeness: The majority of primary data collected pertains to the
current operational context. Secondary data were sourced from the most recent
datasets available in Ecoinvent, ensuring alignment with to date industry practices.

Geographical Representativeness: Primary data about the distribution transports
provides insights into specific operational sites and logistical routes, offering a clear
and precise geographical scope. For secondary data, Ecoinvent datasets related to
processes and materials have been aligned with the French Energy Mix. End-of-Life
(EolL) rates, including recycling, landfill, and incineration percentages, are based on
French national data.

Technological Representativeness: Primary data captures the specific technologies
involved in packaging manufacturing, detailing each layer’s material composition and
associated production processes. Secondary data reflects industry-standard
practices for material characteristics and EoL management.
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Completeness: Primary data comprehensively covers all major life cycle stages,
enriched by specific secondary data on materials, production processes, and EoL
considerations.

Methodological Consistency: The integration of primary and secondary data follows
a harmonized approach aligned with the PEF framework. To fill remaining data gaps,
Ecoinvent datasets have been utilized to ensure robustness and consistency in the
LCA assessments.

It is also worth noting that the quality of the data collected for substitution is aligned
with the data obtained for the state-of-the-art, ensuring that these studies remain
comparable. Despite these challenges, the data collected so far, supplemented by
Ecoinvent, provides a solid foundation for LCA studies, with further refinements
expected to enhance the accuracy and reliability of the assessments.

The retrieved data from partners are reported in Annex 1 at the end of this document.

2.6 LCI - LIFE CYCLE INVENTORY

In this paragraph, the inventory tables are provided and organized to keep the various
phases of the packaging life cycle separate as described in the system boundary
diagram.

PRE-PROCESSING AND MANUFACTURING LCI
The state-of-the-art tables have been updated from the deliverable 6.1A because the
amounts have been re-proportioned on 100 grams of food content (new FU).

Here below, for each state-of-the-art product, a table describing the pre-processing
(PP) and manufacturing (M) processes of the packaging is provided. The inventory is
structured as a bill of materials: each component that makes the product up is
associated with a position number that reflects the structure of the assemblies;
quantity and weight in grams are indicated for each component/assembly.
Regarding pre-processing, the material (as declared by the company in the data
collection form) is indicated for each layer, together with the corresponding raw
material selected in SimaPro. With respect to manufacturing, a description of the
processes used and an indication of the corresponding processes in Ecoinvent is
provided. If the original datasets have been modified to adapt them to the French
context by selecting, for example, energy data related to this geographical area, all
the modifications made are reported in a dedicated column.

Instead, for each substituted product, the tables are partially filed with the
information available at the time of writing this report.

In correspondence with each table, any limitations and assumptions made during the
compilation of the inventory are reported.

NOTE: It is possible that some information will occur some changes when LCA analysis
will be performed.

PRODUCT 01

! STATE-OF-THE-ART - TABLE (Al), PP-M LCI, — Florette Shaker, PET Cup

Assumptions and limitations: the heat-sealing process for components 1.1 and
1.2 has been omitted due to the lack of specific information retrieved in the
data collection and suitable Ecoinvent datasets. Furthermore, no information
has been provided regarding eventual printing processes and related ink,
which therefore were not included in the analysis.
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TABLE Al PRE-PROCESSING MANUFACTURING
WS:egrht Material Processing  Processing
ID Description Quantity 100g of Material (Ecoinvent = Processing E(c:()o?r?\;re]ﬁlt ( a\\//z?lggloenlszR
pr(Eg]u ct LEIEBED dataset) datasets)
1 PET Cup 1 / / Heat sealing / /
! Water, cooling,
t';?éyehtt'mg:: Extrusion, unspecified
grgnulate ! plastic film natural origin,
. y Extrusion of {RER}| FR;
11 PET Foil Lid 1 PET arr}%g)é]}(?us plastic film extrusion, ey
production | plastic film | medium voltage
Cut-off U Cut-off, U {FR}| market for
' | Cut-off, U
Polyethylene Extr?assl(t)ig B
terephthalate, Extrusion of shgets -
granulate, plastic sheets it e et
1.2 PET Shaker 1 PET amorphous and o /
{RER}| thermoformin %FR}|
production | g !
) processing |
Cut-off, U Cut-off, U

! SUBSTITUTION - TABLE (B1), PP-M LClI,
No product selected.

PRODUCT 02

! STATE-OF-THE-ART - TABLE A2, PP-M LCI, — Salad MDD, PET Tray

Assumptions and limitations: no information has been provided regarding
eventual printing processes and related inks or other labels, which therefore
were not included in the analysis.

Tab A2. PP-M LCI, PRODUCT 02 — Salad MDD, PET Tray

TABLE A2 PRE-PROCESSING MANUFACTURING
Weight : :
. Processing Processing
D D . _ per100g . S ; (Original variations
escription  Quantity of Material (Ecoinvent Processing Ecoinvent  (available FR
pr(ES]uct dataset) dataset) datasets)
Inline manual
2 | PET Tray 1 12 / / closing / /
Polye;hylen Extrusion of
terephthalat  Extrusion of plastlgnsdheets
21 PET Lid 1 4 per & granulate, plastic sheets o qf0rmin /
amorphous and g, inline {FR}|
{RER}| thermoforming T |
production | pCut—of'f 8
Cut-off, U ’
Polye;hylen Extrusion of
terephthalat. Extrusion of plastlgnsdheets
22 PET Bow 1 8 peT & granulate, plastic sheets oy 0f0rmin /
amorphous and g, inline {FR}|
{RER}| thermoforming EeEeeT |
production | pCut—of'f 8
Cut-off, U ’
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SUBSTITUTION - TABLE (B2), PP-M LCI, — Prepared Salad, Cardboard Tray

Assumptions and limitations: no information has been provided regarding
eventual printing processes and related inks or other labels, which therefore
were not included

Tab B2. PP-M LCI, PRODUCT 02-s — Prepared Salad, Cardboard Tray

TABLE B2 PRE-PROCESSING MANUFACTURING
Weight . .
ID Description Quantit peréfo 09 Material (E'\ggﬁ:/ig:lt Processin Pzgcriegii:glg F\Lor?s;gnng
P 4 roduct dataset) 9  Ecoinvent (available FR
P [g] dataset) datasets)
Cardboard
2-s Tray 1 4,604
Polyethylen | Water, cooling,
e Extrusion, unspecified
terephthalat plastic film  natural origin,
_ - e, granulate, Extrusion of {RER}| FR;
21-s | PET foil Lid 1 0,004 PET amorphous plastic sheets extrpsi_on, | Electricity,
{RER} plastic film | medium voltage
production | Cut-off, U {FR}| market for
Cut-off, U | Cut-off, U
2.2-s Cargltjngard 1 0,92 | Coating Rod Coating
Cardboard Cardboar
23-s cup 1 3,68 d
PRODUCT 03

STATE-OF-THE-ART - TABLE A3, PP-M LCI, — Sour cream, Cup

Assumptions and limitations: the sealing process for components 3.2 and 3.3
and the closing process for components 3.1 and 3.3 have been omitted due to
the lack of specific information retrieved in the data collection and suitable
Ecoinvent datasets. The manufacturing process for the monolayer Aluminum
Lid (3.2) was not declared, thus, sheet rolling was assumed as the most suitable
option. Furthermore, no information has been provided regarding eventual
printing processes and related ink, which therefore were not included in the
analysis.

Tab A3. PP-M LCI, PRODUCT 03 — Sour cream, Cup

TABLE A3 PRE-PROCESSING MANUFACTURING
ngegrht Material Processing Processing
ID Description Quantity 100g of Material (Ecoinvent | Processing E(coo?r?\;gﬁlt (a\\/lil?lggloenIS:R
prcEg]uct dataset) dataset) datasets)
Inline closing
3 Cup 1 6,18 / / and sealing / /
Polyethylene Extrusion of
terephthalat Extrusion of plastic sheets
PET e, granulate, plastic and
31 Overca 1 1,525 PET amorphous sheets and thermoforming, /
p {RER}|  thermoformi inline {FR}|
production | ng processing |
Cut-off, U Cut-off, U
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! Water,
Aluminium Sheet rolling, n:ﬁfj‘g‘:'ie%
Aluminum alloy, AiMg3 aluminium FR: gin,
3.2 Lid 1 0,405 Aluminum  {GLO}| Sheet rolling {RER}| . -
market for | processing | dﬁllﬁr(l:t\r/gllgé;e
Cut-off, U Cut-off, U {FR}| market for
| Cut-off, U
Extrusion of
Polypropyle Extrusion of plastic sheets
ne, granulate  plastic and
33 PP Bowl 1 4,25 PP {RER}| sheets and thermoforming, /
production | thermoformi inline {FR}|
Cut-off, U ng processing |
Cut-off, U

el SUBSTITUTION - TABLE (B3), PP-M LCI, — Sour cream, Paper Cup
Assumption and limitations: in data collection, the dimensions as well as lid and

overcap are assumed to be the same as state-of-the-art product 03.

The sealing process for components 3.2-s and 3.3-s and the closing process
for components 3.1-s and 3.3-s have been omitted due to the lack of specific
information retrieved in the data collection and suitable Ecoinvent datasets.
The manufacturing process for the monolayer Aluminum Lid (3.2-s) was not
declared, thus, sheet roling was assumed as the most suitable option.
Furthermore, no information has been provided regarding possible printing
processes and related ink, which therefore were not included in the analysis.

Tab B3. PP-M LCI, PRODUCT 03-s — Sour cream, Paper Cup

TABLE B3 PRE-PROCESSING MANUFACTURING
Weight Material Processing Processing
_— : per 100g ; : . (Original variations
ID Description Quantity of product Material (cha(ig]s\g;]t Processing Ecoinvent (available FR
[a] dataset) datasets)
3-s Cup 1 4,95 / / / / /
Polyethylen Extrusion of
e . plastic
terephthalat E}(t;;?asslgg sheets and
PET e, granulate, thermoform
3l-s Overcap 1 1,525 HEr amorphous SIEISATE ing, inline /
thermofor
{RER} ming {FR}
production | processing
Cut-off, U | Cut-off, U
| Water,
unspecified
Aluminium I%Tlﬁ%t natural origin,
. alloy, AlIMg3 . FR;
32-s Alminum 0405 Aluminum {GLOY  Sneet aluminum - o ity
Lid rolling {RER}| : ;
market for | processing medium
Cut-off, U | Cut-off, U voltage {FR}|
market for |
Cut-off, U
Paper
335 pased cup 1
Polyethylen ! Water,
e Extrl_Jsiqn, coolir]g,
34-s Cuplayert 1 0,37 HDPE teer;rgf:]tuf;:gt S pl?;té%ﬂm natural %]:Iigg"
' p lay ! amorphous ?ilm extrusion, FR;
{RER} plastic fim | 1 Electricity,
production | Cut-off, U medium
Cut-off, U voltage {FR}|
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market for |
Cut-off, U
Pulping,
Paper/ bleaching,
35-s | Cup layer 2 1 244 cardboard calenderin
g
! Water,
Polyethylen cooling,
e Extrusion, unspecified
terephthalat - plastic film natural origin,
36-s Cuplayer3 1 0,21 LDpE & @ranulate, E}“&fs'i’.ﬁ {RER}| FR;
! amorphous fim extrusion, | Electricity,
{RER}| plastic film | medium
production | Cut-off, U voltage {FR}|
Cut-off, U market for |
Cut-off, U

PRODUCT 04

! STATE-OF-THE-ART - TABLE A4, PP-M LCI, — Greek yoghurt, Cup

Assumptions and limitations: the sealing process for components 4.2 and 4.3
and the closing process for components 4.1 and 4.3 have been omitted due to
the lack of specific information retrieved in the data collection and suitable
Ecoinvent datasets. The manufacturing process for the monolayer Aluminum
Lid (4.2) was not declared, thus, sheet rolling was assumed as the most suitable
option. Furthermore, no information has been provided regarding eventual
printing processes and related ink, which therefore were not included in the
analysis.

Tab A4. PP-M LCI, PRODUCT 04 — Greek yoghurt, Cup

TABLE A4 PRE-PROCESSING MANUFACTURING
Weight ; Processing Processing
i - per ; Ll el ; (Original variations
ID Description Quantity 100g of Material (Ecoinvent @ Processing Ecoinvent (available FR
pr(ES]uct dataset) dataset) datasets)
Inline closing
4 Cup 1 45 / / and sealing / /
Polyethylene Extrusion of
terephthalate, Extrusion of plastic sheets
PET granulate, plastic and
4.1 Overca 1 1,111 PET amorphous = sheets and thermoformin /
p {RER}| thermoformin g, inline {FR}|
production | g processing |
Cut-off, U Cut-off, U
! Water,
- unspecified
Aluminum Sf;eluer:“rr?lljlmg, natural origin,
Aluminum Aluminu  alloy, AIMg3 A FR;
4.2 Lid 1 0,278 . {GLOY}| market Sheet rolling {RER}| Y
processing | - C
for | Cut-off, U ) medium voltage
Cut-off, U
{FR}| market for
| Cut-off, U
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e, granulate
{RER}|

plastic

43 PP Bowl 1 3,11 PP

Cut-off, U g

Extrusion of
Polypropylen | Extrusion of plastic sheets

and

sheets and thermoformin
production | thermoformin g, inline {FR}|
processing |

Cut-off, U
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e/ SUBSTITUTION - TABLE (B4), PP-M LCI, — Greek yoghurt, Paper Cup
Note: Only few details for this product from data collection.

Tab B4. PP-M LCI, PRODUCT 04-s — Greek yoghurt, Paper Cup

TABLE B4 PRE-PROCESSING
Weight
.. per 100g Material
ID Description Quantit of Material (Ecoinvent Processing
product dataset)
[a]
Thermofor
4-s Cup 1 5,37 / / ming
Moulded
4.1-s pulp 1 5
Polyethylen
e
| Lerephat Extusin
42-s PE film 1 0,37 PE amorphous of ?"I;.stm
{RER}
production |
Cut-off, U
PRODUCT 05

Processing
(Original
Ecoinvent
dataset)

Extrusion,
plastic film
{RER}|
extrusion,
plastic film |
Cut-off, U

MANUFACTURING

Processing
variations
(available FR
datasets)

! Water,
cooling,
unspecified
natural origin,
FR;
| Electricity,
medium
voltage {FR}|
market for |
Cut-off, U

! STATE-OF-THE-ART - TABLE A5, PP-M LCI, — Pork chop, Wrapped Tray

Note: for the “In-shop products” food category, a specific EPS tray was not
supplied by the partners, therefore a suitable one for the reference product (2
pork chops) was selected by the authors. Specifically, the product is made up

of an expanded polystyrene tray and a PVC film.

Assumptions and limitations: the wrapping process (manual or automatic) has
been omitted as considered negligible and due to the absence of suitable

Ecoinvent datasets.

Tab A5. PP-M LCI, PRODUCT 05 — Pork chop, Wrapped Tray

TABLE A5 PRE-PROCESSING
Weight
per Material
ID Description Quantity 100g of Material (Ecoinvent @ Processing
product dataset)
[a]
Wrapped .
5 Tray 1 2,76 / / Wrapping
N Funded by
* =
LN the European Union

Processing

(Original

Ecoinvent

dataset)

/

MANUFACTURING

Processing
variations
(available FR
datasets)

/
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Polyvinylchlori
de, suspension | Water,
polymerised . cooling,
{RER}| Elgtsrtl:g'gl?n unspecified
PVC polyvinylchlori Bubble P {RER}] natural origin,
5.1 Wrapping 1 0,58 PVC de production, extrusion of e FR;
Film susper]sio_n plastic film plastic filml | | Electricity,
polymerisation Cut-off. U Mmedium voltage
| Cut-off, U ' {FR}| market for
| Cut-off, U
Extrusion of
Extrusion of plastic sheets
plastic and
sheets and thermoforming /
thermoformi , inline {FR}|
ng processing |
Polystyrene, Cut-off, U
expandable | Wat
52 PSE Tray 1 2,18 EPS {RER}| - Water,
production | COOI"??' d
Cut-off, U Polymer n:rt]jfael ((:)Irliein
Foaming foaming {RER}| FR: ain,
processing | | o
Cut-off, U | Electricity,

medium voltage
{FR}| market for
| Cut-off, U

e/ SUBSTITUTION - TABLE (B5), PP-M LCI, — Pork chop, Cellulose tray
Note: No info about the lid/wrapping film.
Tab B5. PP-M LCI, PRODUCT 05-s — Pork chop, Cellulose tray

TABLE B5 PRE-PROCESSING MANUFACTURING
Processin
‘g‘ﬂggt Material PE%crie:sisr:glg:] variation
ID  Description Quantity P 9 Material (Ecoinvent Processing 19 s
of product dataset) Ecoinvent (available
[g] dataset) FR
datasets)
5-s Cellulose tray 1 3,02 / / Thermgformm / /
Wet molded
5.8 cellulose 1 2,9
cellulosic
o emulsion + :
5.2-s Biofilm 1 0,12 modified Rod Coating
starch
PRODUCT 06

! STATE-OF-THE-ART - TABLE A6, PP-M LCI, — Florette Mache, OPP Film

Assumptions and limitations: The laminating process (6.2) has been modified
changing the typology of adhesive (Polyurethane adhesive instead of acrylic
binder as specificated in data collection). The printing process has been
omitted due to the absence of suitable Ecoinvent datasets, only the date of
ink has been considered.
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Tab A6. PP-M LCI, PRODUCT 06 — Florette Mache, OPP Film

TABLE A6 PRE-PROCESSING MANUFACTURING
Weight . .
- _ per100g 8 Marcual Processin PEOOCI’?gsﬁ:QIg Ii’/r;ci:eelgglrr:sg
ID Description Quantity of Material (Ecoinvent - .
roduct dataset) g Ecoinvent (available FR
P [a] dataset) datasets)
6 Bag 1 4,464 / / / /
Printing ink,
offset, without —_—
6.1 OPP Film 1 0,128 Ink  solvent, in 47% P”l’r‘]ﬁng / /
solution state
{RER}|
Po;%l#:sticzne Laminating
service, foil -
., {GLO}| market e : i I Electricity
. Adhesiv { Laminatio with acrylic X ;
52| OPP Fim ' 0256 = polyufrzrthane n binder {R-ER}l {?F?ﬂur;nallr‘ll(zltt?gﬁ
adhesive | Cut- AIEEER| Cut-off, U
off. U Cut-off, U ut-oft,
Polypropylene Extrusion, ! V\Lljits(:)régiﬁ‘)i(e)ltlingl
granulate ' Extrusion pl?;%%;'llm natural origin, FR;
6.3 PP Fail 1 4,08 PP {RER}| of plastic ; ! Electricity
production | film Sl di It ,
plastic film | Medium voitage
Cut-off, U Cut-off U {FR} market for |

Cut-off, U

! SUBSTITUTION - TABLE (B6), PP-M LCI, — Florette Mache, Paper/PE bag

Assumptions and limitations: The bag dimensions and the amount of adhesive
and ink are assumed as the same as plastics products

For the Paper/PE bag (6.1-s), a dataset has been used to produce an "average
European paper sack", which is a hybrid mix of all types of multiwall paper
sacks in Europe. It mixes brown (unbleached) and white (bleached) sack kraft
paper, LDPE and HDPE plastic liners and different kinds of glues, all in one.

Tab B6. PP-M LCI, PRODUCT 06-s — Florette Mache, Paper/PE bag

TABLE B6 PRE-PROCESSING MANUFACTURING
Weight . .
per 100g Material Processing  Processing
s . . - - (Original variations
ID Description Quantity  of Material ~ (Ecoinvent Processing - io\ant (available FR
prcEg]uct CEIEEED dataset) datasets)
6-s Bag 1 / / / / / /
! Variation
amount paper,
Paper & PE {Eggﬁr;:;g’ ey
61-s ' 2P 1 10,24 sack VEEB IR
bag : medium
production |
Cut-off, U voltage {FR}|
market for |
Cut-off, U
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PRODUCT 07

! STATE-OF-THE-ART - TABLE A7, PP-M LCI, — Butter, Aluminum & OPP Film

Assumptions and limitations: The manufacturing process for the layer
Aluminum Lid (7.2) was not declared, thus, sheet roling was assumed as the

most suitable option.

Tab A7. PP-M LCI, PRODUCT 07 — Butter, Aluminum & OPP Film

TABLE A7 PRE-PROCESSING MANUFACTURING
Weight
per Material _ Proc_es_s;ing Proqe;sing
ID Description Quantit 100g Material (Ecoinvent PIEEERE (Ol VEUELIONS
P Y of dataset) g Ecoinvent (available FR
produc dataset) datasets)
t[g]
Laminating
service, foil, | Electricit
7 Aluminum & 1 078 / / Laminatio  with acrylic .d' = ”C'I Y
OPP Film - n binder {RER}| Mmedium voltage
; {FR}| market for |
processing |
Cut-off, U Cut-off, U
. I Water, cooling,
Polypropylen El)étsrtlfglglrr]n unspecified
e, granulate Extrusion P {RER}| natural origin, FR;
7.1 OPP Film 1 0,512 PP {RER}| of plastic ST | Electricity,
production | film lastic film | medium voltage
Cut-off, U pCut—off u  {FR} market for |
’ Cut-off, U
| Water,
Aluminium Sheet rolling, unspecified
. . alloy, AIMg3 aluminium natural origin, FR;
72 AUTEUM 1 ozes AT ygloy”  PhUEr (ReR) | Electricity,
market for | processing | medium voltage
Cut-off, U Cut-off, U {FR}| market for |

Cut-off, U

el SUBSTITUTION - TABLE (B7), PP-M LCI, — Butter, Aluminium & Paper Film
Assumptions and limitations: The dimensions and grammage are assumed.

Tab B7. PP-M LCI, PRODUCT 07-s — Butter, Aluminum & Paper Film

MANUFACTURING

TABLE B7 PRE-PROCESSING
Processin
: ; Processing g
o _ Weight per : Material o\ ocsin (Original  variations
ID Description Quantity 100g of | Material (Ecoinvent Ecoi t ilabl
roduct [g] dataset) 9 conven (@bl
P dataset) FR
datasets)
Laminating Electricity,
1 service, foil, medium
Aluminum & S with acrylic  voltage
7S "paper fim 1,32 4 4 Lamination \yqer (RER}  {FRI}|
processing| market
Cut-off, U for | Cut-
off, U
Printable Blade
71=s top-coating . 0,0528 coating
Greaseproof
7.2-s base paper 1 1,232
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Aluminum
AT alloy, AMg3 Vacuum
7.3-s ' Aluminum 1 0,0016 {GLO}| market metallizati
for | Cut-off, on
U
: Blade
7.4-s Pre-coating 1 0,0352 coating
PRODUCT 08

o STATE-OF-THE-ART - TABLE A8, PP-M LCI, — Grated cheese, OPA & LDPE
Film
Assumptions and limitations: The printing process has been omitted due to the
absence of suitable Ecoinvent datasets, only the date of ink has been
considered.

Tab A8. PP-M LCI, PRODUCT 08 — Grated cheese, OPA & LDPE Film

TABLE A8 PRE-PROCESSING MANUFACTURING
Vevrellggt e Processing Processing
i P g q : Processin (Original variations
ID Description Quantity of Material (Ecoinvent Ecoi t ilable FR
roduct dataset) 9 conven (available
P [g] dataset) datasets)
Grated
Cheese Bag 1 2,811 / / / /
Printing ink,
offset, without —_—
g1 OPASLDPE 0061  Ink solvent,in47% "2 / /
solution state
{RER}|
S Laminating
Acrylic binder, . <
Complexin Adhesiv Wi:?]l water, in ) . inatio S\A?im%% f(I)ill:, ! Electricity,
8.2 Fﬁm g 1 0,0833 54% solution e {F?IgR}l medium voltage
RER )
state { {1 processing | {FR}| market for
CUt_Offl U Cut-off, U | Cut—of'f, U
I Water, cooling,
t':?éyetm])gg;: Extrusion, unspecified
grgnulate 't plastic film natural origin,
83 LDPE Foil 1 1944 LDPE amorphous ofplastc _ (RERH R,
{RER}| film extrusion, | Electricity,
production | plastic flm |  medium voltage
Cut-off U Cut-off, U  {FR}| market for
' | Cut-off, U
I Water, cooling,
Extrl_Jsiqn, unspecifi_eq
Nylon 6 {RER}| Extrusion plastic film natural ergln,
8.4  OPA Fail 1 0,722 PA production | of plastic R FR'. .
Cut-off, U film Al ! Electricity,
plastic film | medium voltage
Cut-off, U  {FR}| market for

| Cut-off, U

! SUBSTITUTION - TABLE (B8), PP-M LCI, — Grated cheese, Paper bag

Assumptions and limitations: The dimensions are assumed to be the same as
plastic products. The amount of aluminum nanolayer is an assumption of the
grammage; amount of ink is assumed as the same as plastic product.
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Tab B8. PP-M LCI, PRODUCT 08-s — Grated cheese, Paper bag

TABLE B8 PRE-PROCESSING MANUFACTURING
Weight _ Processin
per e Processing g
o : 100g ; ; : (Original variations
ID | Description Quantity of Material (Edca(ig]s\éet;]t Processing Ecoinvent  (available
produc dataset) FR
t[g] datasets)
Grated
8-s Cheese 1 3,7 / / / / /
Paper Bag
Printing ink,
offset,
Paper & . J
; without Gravure
8.1-s Alulr)r;num 1 0,083 Ink solvent, in printing
g 47% solution
state {RER}
Laminating EmI:cat“rjl%ty
service, foil, with
. . acrylic binder voitage
8.2-s Top-coating 1 0,128 Lamination RER {FR}|
{ }l market
processing | for | Cut-
Cut-off, U off. U
Aluminum - Vacuum
8.3-s Nanolayer 1 0,0044  Aluminum metallization
Laminating :
service_z, fqil, with Elrﬁzg:g'r;y
8.4-s Coating! 1 1,32 Lamination acr)ﬂl?cE%r;der voltage
processing | nngk}elt
Cut-off, U for | Cut-
off, U
8.5-s Paper 1 34
PRODUCT 09

! STATE-OF-THE-ART - TABLE A9, PP-M LCI, — Peanut curl, OPP Film

Assumptions and limitations: The metallization process for OPP film (9.2) has
been omitted due to the lack of specific information retrieved in the data
collection (type of process). The printing process has been omitted due to the
absence of suitable Ecoinvent datasets, only the date of ink has been
considered.

Tab A9. PP-M LCI, PRODUCT 09 — Peanut curl, OPP Film

TABLE A9 PRE-PROCESSING MANUFACTURING
We;grht Material Processing Processing
s . P . : ] (Original variations
ID Description Quantity 100g of Material (Ecoinvent Processing Ecoinvent (available FR
pr?g]uct dataset) dataset) datasets)
9 Bag 1 4,456 / / / /
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Printing ink,
offset,
. without o
9.1 OPP Film 1 0,3312 Ink solvent, in Printing Ink / /
47% solution
state {RER}|
Acrylic Laminating
binder, with service, foll, Electricity,
. . water, in 54% s with acrylic medium voltage
9.2 OPP Film 1 0,2368 Adhesive S Lamination binder {RER}| {FR}| market for
state {RER} | processing | | Cut-off, U
Cut-off, U Cut-off, U
I Water, cooling,
Extrusion, unspecified
Peolz;r);gﬂ)lglteen plastic film natural origin,
; ’ Extrusion of {RER}| FR;
9.3 PP Foil 1 3,888 PP pr O{(IZ}lIJE(I:-\;I}(ljn | plastic film extrusion, | Electricity,
Cut-off. U plastic flm | medium voltage
' Cut-off, U  {FR}| market for
| Cut-off, U

! SUBSTITUTION - TABLE (B9), PP-M LCI, — Peanut curl, Paper & PP bag

Assumptions and limitations: The dimensions are assumed as the same as
plastics products

For the Paper/PP bag (9.2-s), a dataset has been used to produce an "average
European paper sack", which is a hybrid mix of all types of multiwall paper
sacks in Europe. It mixes brown (unbleached) and white (bleached) sack kraft
paper, LDPE and HDPE plastic liners and different kinds of glues, all in one.

Tab B9. PP-M LCI, PRODUCT 09-s — Peanut curl, Paper & PP bag

TABLE B9 PRE-PROCESSING MANUFACTURING
Welegrht Material Processing Processing
e . P . . . (Original  variations
ID Description Quantity 100g of Material (Ecoinvent Processing Ecoinvent (available FR
pro[g]uct dataset) dataset) datasets)
9-s Bag 1 4,8 / / / / /
9.1-s Printing 1 0,1 Varnish
IVariation
amount paper
and PP

Paper sack ! Change in
{RER}| paper dataset of PE

0.2.s Paper&PP 1 47 sack with PP
9 production | | Electricity,
Cut-off, U medium
voltage {FR}|
market for |
Cut-off, U
PRODUCT 10

el STATE-OF-THE-ART - TABLE AlO, PP-M LCI, — Savory biscuits, OPP &
Cardboard

Assumptions and limitations: The metallization process for OPP film (10.2) has
been omitted due to the lack of specific information retrieved in the data
collection (type of process).
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For the Cardboard box (10.1), a dataset has been used for production of a
Folding boxboard carton that have not specific data on recycled cardboard.

Tab AlO. PP-M LCI, PRODUCT 10 — Savory biscuits, OPP & Cardboard

TABLE Al10 PRE-PROCESSING MANUFACTURING
Weight . .
; Processing Processing
_— __per100g Materi Material . (Original variations
ID  Description Quantity of | (Ecoinvent Processing e t ilable FR
roduct dataset) conven (@bl
P [o] dataset) datasets)
Savory
10 Biscuit 1 25,75 / / / /
Folding ! Variation
boxboard amount of
carton Varnish and Ink
10.1 Cargggard 1 24 Flat cut production | Electricity,
{RER}| medium voltage
production|  {FR}| market for
Cut-off, U | Cut-off, U
Acrylic Laminating
binder, with service, foil, ! Electricity,
. Adhesi  water, in N with acrylic  medium voltage
10.2 | OPP Film L 0.15 ve 54% solution -2MINALON i ey {RER}| {FR}| market for
state {RER} | processing | | Cut-off, U
Cut-off, U Cut-off, U
I Water, cooling,
Polypropyle Extrqsiqn, unspecifi_eq
ne, granulate Extrusion pla{‘;té%;'llm natur:IR(.)rlgm,
103 PP Foll 1 1,6 PP {RER}| of plastic ; T
: . extrusion, | Electricity,
production | film lastic fil -
Cut-off, U plastic film|  medium voltage
Cut-off, U  {FR}| market for
| Cut-off, U

el SUBSTITUTION - TABLE (B10), PP-M LCI, — Savory biscuits, Paper&PP bag &
Cardboard

Assumptions and limitations: The bag dimensions are assumed as the same as
plastics products.

For the Cardboard box (10.1-s), a dataset has been used for production of a
Folding boxboard carton that has not specific data on recycled cardboard.

For the Paper/PP bag (10.2-s), a dataset has been used to produce an
"average European paper sack”, which is a hybrid mix of all types of multiwall
paper sacks in Europe. It mixes brown (unbleached) and white (bleached) sack
kraft paper, LDPE and HDPE plastic liners and different kinds of glues, all in one.

Tab B10. PP-M LCI, PRODUCT 10-s — Savory biscuits, Paper&PP bag & Cardboard
TABLE B10 PRE-PROCESSING MANUFACTURING

Weight Processing Processing

per 100g Material e v
ID Description Quantity of Material (Ecoinvent Processing E(c%:lr?\;gﬁlt (a\\/f;rillggfen's:R
product dataset) dataset) datasets)
[a]
Savory

10-s biscuit box 1 27,32 / / / / /
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Cardboard

10.1-s box 1 24
Paper/PP

10.2-s Bag 1 3,32

TRANSPORTS
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! Variation
Folding amount of
boxboard Varnish and
carton Ink 1
R?Qgifd Flat cut production  Electricity,
{RER}| medium
production | voltage {FR}|
Cut-off, U market for |
Cut-off, U
! Variation
amount paper
and PP
Paper sack ! Change in
{RER}| paper dataset of PE

/ / Coextrusion sack_ with PP
production | | Electricity,
Cut-off, U medium
voltage {FR}|
market for |
Cut-off, U

The inventory data for the transport phase was derived from the modeling and
optimization work done by the project partner UniBo and presented within WP3. It was
chosen to employ distribution data from the work on reuse to maintain homogeneity
among methodological choices. The data were then considered up to the consumer

distribution stage.

Tab 5. Distribution distances for state-of-the-art and substitution products

Prepared salad and cut

FANOL vegetable
EAN_02 Pfepargggseatlggl :nd cut
EAN 04 O aeam 500 g
EAN 05 O eam 500 g
EAN 06 O eam 500 g
owos  COLANIGE,
EAN_0O9 Bret's_3497917003793
FANIO party_32y€;225109531
EAN_U Juice_3205rggg§036004
EAN_12 Biscuits Mini GF

choco_3256225130955

END-OF-LIFE LCI

LSDH 43 114
SODEBO 43 498
FLOREALE 43 163
YOPLAIT 168 274
SCHREIBER 168 516
EURIAL 168 235
ALTHO 236 310
ALTHO 236 321
By 63 459
LSDH 378 135
o

Regarding the LCI of the end-of-life phase, a dedicated waste scenario has been
defined for each material. For state-of-the-art each waste scenario is composed of
the different waste treatments i.e. recycling, incineration and landfill. The percentage
of wasted material destined for each waste treatment was defined on the basis of
data relating to waste management in the French context; the sources are indicated
in the “data source” column (Tab. 6). Furthermore, the table below shows the process
with which each waste treatment is modelled in Ecoinvent. The specific waste
scenario for each product consists of (i) a single waste process if the product is mono-
material, or of (ii) the combination of two or more waste processes if the product is
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made up of components in different materials. In the latter case, the percentages of
material destined for each waste process are defined on the basis of weight
percentage of each material on the packaging composition.

Tab 6. End-of-life LCI

Waste
scenario

* X %

* 5 *x

*

* %

weste e
weste  per
weste b
weste  pvc
weste eps

Waste @ Aluminu
process m

Waste Aluminu
process m & OPP

Funded by

27

44

29

27

44

29

27

44

29

27

44

29

27

44

29

58

42

100

the European Union

France post-consumer | Plastics

plastics packaging Europe, PA Recycling
waste treatment 2022
France post-consumer @ Plastics
plastics packaging Europe, | PA Incineration
waste treatment 2022
France post-consumer @ Plastics
plastics packaging Europe, PA Landfill
waste treatment 2022
France post-consumer @ Plastics
plastics packaging Europe, PET Recycling
waste treatment 2022
France post-consumer @ Plastics
plastics packaging Europe, PET Incineration
waste treatment 2022
France post-consumer @ Plastics
plastics packaging Europe, PET Landfill
waste treatment 2022
France post-consumer @ Plastics
plastics packaging Europe, PP Recycling
waste treatment 2022
France post-consumer @ Plastics
plastics packaging Europe, PP Incineration
waste treatment 2022
France post-consumer @ Plastics
plastics packaging Europe, PP Landfill
waste treatment 2022
France post-consumer  Plastics
plastics packaging Europe, PVC Recycling
waste treatment 2022
France post-consumer  Plastics
plastics packaging Europe, PVC Incineration
waste treatment 2022
France post-consumer @ Plastics
plastics packaging Europe, PVC Landfill
waste treatment 2022
France post-consumer  Plastics
plastics packaging Europe, EPS Recycling
waste treatment 2022
France post-consumer @ Plastics
plastics packaging Europe, EPS Incineration
waste treatment 2022
France post-consumer @ Plastics dataset
plastics packaging Europe, EPS Landfill s for
waste treatment 2022 PS
France post-consumer Citeo ;
aluminium packaging Adelphe, ,;\Ieljcr:ng::]m
waste treatment 2021 ycing
Municipal Waste
Eurostat, (62%
France MSW treatment 2018 Incineration +
38% Landfill
France MSW treatment Eurz%sitsat, Municipal Waste
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France post-consumer Citeo
72 cardboard packaging @ Adelphe, Paper Recycling
Waste - Cardboar waste treatment 2021
process d Eurostat
28 France MSW treatment 2018 Municipal Waste

For the substitution product, end-of-life data were also collected : all products are
recyclable, and some are also compostable (Table 7).

Tab 7. End-of-life LCI

ID O1-s n.a. n.a.
Y
ID 02-s Y (only the bowl without
the lid)
Y
ID 03-s (If the overcap is N

separated from the cup
during sorting)

ID 04-s Y N
ID 05-s Y (only tp1(e tray)
ID 06-s Y N
ID O7-s Y N
ID 08-s Y N
ID 09-s Y N
ID 10-s Y N

MATERIALS RECOVERY MODELLING CHOICES: CFF APPLICATION

In order to calculate credits and impacts connected to recycling and energy recovery
in the PEF Method, the use of the Circular Footprint Formula (CFF) is prescribed? CFF
is composed of three parts corresponding, respectively, to material, energy and
disposal (Fig. 2).

Life Cycle Inventory LCl associated to LCI of the material recycling (or
LCI) of primary material secondary material input part/product reuse) process minus
the credit for avoided primary material

Material \

) i Qs; Qs,
= (1- Rl)EV HRy X (AErecycled + (1 - A)EV X Ql" H(1—A)R; X (ErecydingEnL - ET:’ X Q‘:"’)
\ i
Energy
+|(1 —B)R3 X (Egr — LHV X Xggheat X Esghear — LHV X Xggetec X Esgelec)
+1(1-R, —R;)xXEp
LCI of the disposal LCI of the energy recovery process minus

of remaining waste the credit for avoided primary energy

Figure 2: Circular Footprint Formula (CFF)

2 Zampori, L. and Pant, R., Suggestions for updating the Product Environmental Footprint (PEF) method, EUR 29682 EN,

Publications Office of the European Union, Luxembourg, 2019, ISBN 978-92-76- 00654-1, d0i:10.2760/424613, JRC11595. ! 4.4.8.1
The Circular Footprint Formula (CFF)

PR Funded by This project has received funding from the European Union’s Horizon Europe

* * . Research and Innovation programme under Grant Agreement No 101060806. This

Nt the European Union document reflects the views of the author(s) and does not necessarily reflect the
views or policy of the European Commission. Whilst efforts have been made to
ensure the accuracy and completeness of this document, the European Commission
shall not be liable for any errors or omissions, however caused.!



*

*
*

D6.2 29

The CFF allows the connection with subsequent and preceding life cycles via debiting
(Fig. 4, Ief;c) and crediting (Fig. 4, right) which in the cut-off approach, are not
considered?.

Figure 3: CFF debiting (left) and crediting (right)

Circular Footprint Formula will be implemented in the following deliverable thanks to
the recent release of the new EF 3.1 database* containing the needed datasets for
the calculation in SimaPro.

This deliverable compiles a list of datasets and parameters that will be implemented
in the formula. The selected datasets come from the ecoinvent Cut-Off database,
ensuring compliance with the current restrictions on publishing EF dataset assessment
results.

The list of parameters has been divided in two macro-groups: the first one is related
to the materials (Tab.8) and the second to the end-of-life treatments (Tab. 9).

For materials whose recycled content is known, relevant parameters were collected
to describe the benefits given by their use. For all other materials, not knowing their
composition and not being able to refer to national average values, following PEF
guidance, they were considered to be composed of 100 percent virgin material, thus
collapsing the first section of the formula.

3 Wolf, M. A,, The Circular Footprint Formula (CFF) and its practical application training. Environmental Footprint (EF) transition

ph

ase, 2019. Webinar available in: https://ec.europa.eu/environment/eussd/videos/2019-10-

08%2016.01%20The%20Circular%20Footprint%20Formula.mp4
4 Environmental Footprint database 3.1: https://simapro.com/products/environmental-footprint-database/

* X %

* 5 *x
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Tab 8. CFF parameters - materials

MATERIAL

PARAMETER

End-of-life parameters for all materials were collected and modeled in order to implement the CFF.
Parameters R2, R3 and D (given by 1-R2-R3) were derived from the research on EoL paragraph.

* X %
*

* x *x

* %

Funded by
the European Union

This project has received funding from the European Union’s Horizon Europe
Research and Innovation programme under Grant Agreement No 101060806. This
document reflects the views of the author(s) and does not necessarily reflect the
views or policy of the European Commission. Whilst efforts have been made to
ensure the accuracy and completeness of this document, the European Commission
shall not be liable for any errors or omissions, however caused.!



D6.2 3!

Tab 9. CFF parameters - end-of-life processes
MATERIAL PARAMETER SOURCE

PET Recycle

PET Disposal

PET Energy Recovery

ALUMINIUM FOIL
Recycle

ALUMINIUM FOIL
Disposal

ALUMINIUM FOIL
Energy Recovery

PP Recycle

PP Disposal

PP Energy Recovery
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MATERIAL PARAMETER SOURCE

PVC Recycle

PVC Disposal

te polyvinylchloride {CH}| treatment of, municipal
neration | Cut-off,U

PVC Energy Recovery

EPS Recycle

EPS Disposal

EPS Energy Recovery

LDPE Recycle

LDPE Disposal

LDPE Energy Recovery
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*

* %

MATERIAL PROCESS

PA Recycle

PADisposal

PA Energy Recovery

HDPE Recycle

HDPE Disposal

HDPE Energy Recovery

RPET Recycle

RPET Disposal

RPET Energy Recovery
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MATERIAL

* X %

* x *x

*

* %

PROCESS

CARDBOARD Recycle

CARDBOARD Disposal

CARDBOARD Energy
Recovery

COLOURLESS GLASS
Recycle

COLOURLESS GLASS
Disposal

COLOURLESS GLASS
Energy Recovery

GREEN GLASS Recycle

GREEN GLASS Disposal

GREEN GLASS Energy
Recovery
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3.!PART B: REUSE

In the current phase of the project, WP3 activities are in the demonstration stage for
reusable packaging solutions. The data collection phase has retrieved data for reusable
packaging selected as replacements for disposable systems. Table 10 presents both
the single-use products initially identified and assessed in D6.1B and the reusable
alternatives introduced. As previously mentioned, updated state-of-the-art analyses
will be conducted in order to prepare the products for the incoming comparative
analysis (D6.3). Six new reusable products have been added (15-r, 16-r,17-r, 18-r, 19-r,
20-r) and their state-of-the-art will be represented by the same products, but modeled
within single-use systems.!!

Tab 10. Product selected for REUSE
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Food category: Prepared fruits

Product: Florette Shaker Ananas
Preformed PET

Format Shaker, thin PET Format PP Tray + PP lid
foil lid -
Food weight 400 ml - 7 Food weight 1261 ml - 250 gr
. \. Floréale
Company Floréale Company (Agrial)
LCA ID 01 LCA ID Ol-r
Food category: Prepared salad
Product: Salad MDD
Format PET Tray Format PP Tray + PP lid
Food weight 250 g - - Food weight 1261 ml - 250 gr
Company  LSDH Ny Company :;%?;ZISOdebO /
LCA ID 02 LCA ID 02-r
Food category: Sour cream

Food category: Yoghurt
Format PP Cup Format PP pot + PP lid
Food weight 200 g Food weight 500 gr

Selie Yoplait/Eurial/
@ Company  Yoplait Company  Schreiber
]

LCAID 03 LCAID 03-r

Food category: Yoghurt

Product: GreekYoghurt
Format PP Cup Format PP pot + PP lid
Food weight 450 g Food weight 500 gr
Company Yoplait Company ggﬁrlaelzgélfunall
LCA ID 04 LCA ID 04-r

Food category: In-shop product

Food weight 500 g
Company (none)

LCA ID 05

Funded by
the European Union
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Format EPS Tray Format PP Salad Tray
Food weight 5009 (tbd)
System U
Company & Carrefour
LCA ID 05-r
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Food weight 125 g
Company Altho
LCA ID 09
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Food category: Chips
Product: Peanutes curl

Format OPP Film Format PP Bucket 3,5L

\ ~  Food weight 250 gr - 3500 ml
g Company  Altho
LCA ID Q9-r

Food category: Savory biscuits
Product: Mix party savory biscuits
OPP Sachet &

Format Cardboard Format PP Bucket 1L

Food weight 85-105 g o~ Food weight 100 gr

Company Europe Snacks ‘\‘: Company  Europe Snacks
<

LCA ID 10 LCA ID 10-r1

Food category: Savory biscuits

Product: Mix party

OPP Sachet & _
Format Cardboard Format PP Bucket 2L
Food weight 85-105 g Food weight 200 gr
Company Europe Snacks Company  Europe Snacks
LCAID 10 LCA D 10-r2
Food category: Juice
Product: Orange Juice
= Clear Bottle with
| Format 50% recycled il Format Glass bottle 1L
4l Food weight 11 . Food weight 1 |
(‘Qm Com LSDH ~ C LSDH
& pany = & ompany
LCAID i - LCA ID 1
Food category: Milk
Product: UHT milk
PET opaque
Format Bottle Format Glass bottle 1L

Food weight 11

Company LSDH
LCA ID 12

Food weight 11

Company Sodiaal
LCA ID 13

Funded by
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Food weight 1 |

Company  LSDH

LCA ID 12-r
Food category: Milk
Product: UHT milk
Format PEHD Bottle Format Glass bottle 1L

Food weight 1 |
Company Sodiaal

LCAID 13-r
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Food category: Savory biscuits

Product: Minis GF Choco

cardboard box +
flowpacks

Food weight 168 g

Format Format PP Bucket 1L
Food weight 350g

Company Biscuit bouvard Company  Biscuit bouvard

LCAID 14 LCA ID 141
Food category: Yoghurts
Product: Fromage blanc 2 kg
Format PP Bucket 2L
ey, 3 Food weight 2 kg
L , Company  Rians
- LCAID 15-r
Food category: Boissons
Product: Syrup
Clear glass bottle
Format with PEHD Closure
Food weight 700 mi
Company  Monin
LCA ID 16-r
Food category: Condiments
Product: Mayonnaise
Clear glass jar with
— Format metallize closure
z . oS Food weight 475 g
o E
e c .
0t ompany  Lesieur
) LCA ID 17-r
Food category: Oil
Product: Olive Oil
Glass bottle with
i Format PEHD closure
@ Food weight 250 ml
?b@g‘; Company Lesieur
LCA ID 18-r
Food category: Boissons
Product: Sweet/brut cider
Glass bottle with
Format corp and metal lid
Food weight 750 mi
Company Eclor
LCA ID 19-r
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Food category: Boissons

Product: Lemonade

Format Glass bottle

Food weight 750 mi

Source de
Company Soulzmatt
LCA ID 20-r

As shown in Table 10, many of the selected packaging options have undergone size
increases to accommodate the logistical needs of reuse systems. For example, yogurt
containers have shifted from 200g to 500g, and chip bags from 125g to 600g. These
changes raise potential implications for the environmental analysis.

Since the objective of the study is to compare single-use packaging with reusable
packaging, any variables that differ between the two systems add complexity to the
analysis and introduce further implications. Some of these key variables are:

! Consumer habits: Changes in packaging size may influence purchasing patterns
and consumption behavior. Larger packaging could lead to alterations in buying
frequency or product usage, complicating a direct comparison with single-use
packaging.

! Food waste: The impact of larger packaging on food waste is another critical
variable. With increased portion sizes, the potential for waste may differ
significantly between reusable and single-use systems, affecting the overall
sustainability assessment.

! Acceptability of larger formats: Consumer acceptance of larger packaging
formats presents an additional challenge. The factors influencing their wilingness
to adopt or reject these new sizes—such as convenience, storage space, or
perceived value—can introduce variations that make it harder to draw direct
conclusions between the two types of packaging.

However, the data have been processed with the best possible compromises, and
these potential implications, which were addressed within WP2, will not be factored into
the final analysis. These variables must be considered as primary implications and
limitations of the study. The methodology has aimed to mitigate their impact to ensure
a more straightforward comparison between the state-of-the-art and reusable
packaging. As a result, these differences will be acknowledged but excluded from the
core analysis to maintain clarity and focus on the primary objectives of the study.

3.1 GOAL OF THE STUDIES

The goal of this comparative LCA study is to identify the break-even point, defined as
the moment when the reuse system begins to generate net environmental benefits
compared to disposable systems. The study evaluates two packaging solutions: state-
of-the-art disposable packaging and reusable packaging across multiple cycles.

This analysis is part of the R3PACK project, specifically Task 6.3 (Part B), which aims to
assess the environmental impacts and identify potential improvements through reuse
strategies defined in WP3. The target audience consists of WP3 partner contributors,
while R3PACK serves as the commissioning body.

The figure below illustrates the relationship between environmental impact and the
number of uses for two packaging systems: a single-use system (represented by the
dashed blue line) and a reusable system (represented by the orange curve). The break-
even point, marked with a red "X", indicates the point where the reusable system begins
to generate net environmental benefits compared to the single-use system. As shown,
with each additional use, the environmental impact of the reusable system decreases
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until it flattens, signifying convergence in the long-term impact.

* X %
*

*
* 5 *x

Reusable packaging
at x% return rate

Single-Use packaging
x Break-even Point

Break-even Point

x

Environmental impact indicator

v

Number of Reuse cycles

Figure 4: Break-even Point definition

The objective is to evaluate the performance of both systems at the break-even point
and, if relevant, at different cycle numbers, especially when the environmental impact
curve of the reuse system flattens (convergence).

The data about the return rate has been taken from the projects outputs of WP2 and
WP3. In particular, in D3.4: Decision-support model for reuse logistic network design
(pag.36), states that consumer return behaviour showed a 60% likelihood of returning
packaging to stores, 8% in residential districts, and 32% not returning it at all.
Additionally, a 5% scrap rate was applied to account for packaging losses due to
breakage and wear.

Following is presented the calculation for the 64.6% return rate:

! Total Collection (Theoretical Return Rate):

o! Probability of returning to stores; 60%
o! Probability of returning in residential districts: 8%
o! Initial total: 60% + 8% = 68%

! Losses Due to Scrap:

o! The scrap rate, accounting for breakage and wear, was estimated at 5%.

! Effective Return Rate:
By applying the scrap rate to the theoretical rate:

Effective Return Rate=68%x%(1-0.05)=68%x0.95=64.6%
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If with the assumption of a return rate based on 64.6%, a break-even point will not be
found, sensitivity analyses will be conducted to determine the ideal return rate
required to achieve it. This analysis consists in variating the initial assumption—either
increasing or decreasing the return rate—aiming to identify the specific rate at which
the break-even point is reached. This process will help explore a range of outcomes,
assessed qualitatively.

The impact evaluation follows the Life Cycle Assessment (LCA) methodology, in
compliance with ISO 14040 and 14044 standards, and is performed using SimaPro
software (PRé Sustainability). The environmental indicators and datasets align with
the Product Environmental Footprint (PEF) methodology, as recommended by the
European Commission in Recommendation 2021/2279. Due to the transitional phase
of the Environmental Footprint (EF) framework and the absence of finalized PEFCRs
for packaging products, the study transparently declares all limitations, assumptions,
and deviations from the PEF methodology throughout the report.

3.2 SCOPE OF THE STUDIES

a. Functional Unit and reference flow

During the inventory data acquisition phase, it became evident that, in some cases,
the capacity of the packaging changed compared to the packaging considered in the
state-of-the-art analyses.

This change of size implies that, in these cases, the functions of the two containers
are not completely comparable. A package made to carry a large amount of food
does not fulfill the same function as a smaller size package. It often happens, for
example, that the two food quantities are sold to a different target audience.

It was therefore chosen to go for a variation of the Functional Unit by introducing a
fixed amount of food contained. In this way it is possible to fix a parameter on which
to base the comparison and ensure greater homogeneity between the data and
between the results of the analyses, making it easier for the reader to understand.

The Functional Unit of the analyzed system is defined as follow: “The packaging
required to contain, protect, and preserve 100 grams of food over the duration of the
expected shelf life, to ensure food safety, quality, and integrity throughout the
distribution chain”.

Tab 11. Functional Unit aspects

Contain, preserve, protect food, and provide information
i) Functions or services about the product content defined in the "Food
provided (What) category" item in Table 10 (e.g. prepared fruits)
throughout the distribution chain.

ii) Extent of the function (How

much) The quantity of product to be packaged is 100 grams.

iii) Expected level of quality

(What quality) Guarantee food safety performance and shelf-life

iv) Duration/lifetime of the

product (For how long) Equal to the food’s expected shelf-life.

The mass of packaging material (single-use or allocated

Reference Flow for reuse cycles) required to deliver 100 grams of food.
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A density of 1 g/cm! was assumed for liquid products to simplify calculations and
enhance the clarity of inventory proportioning steps. This approximation aids in
streamlining the process. The table below provides average density values for liquid
products, as reported in literature.

|

Tab 12. Density of the liquids involved!

Milk 1,030- 1,036
Olive Oil 0,918
Lemonade 1,020 FAO/INFOODS DenSity
Database version 1.0 (July
Cyder 1,007-1,017 2011)°
Fruit Syrup 1,280-1,340
Orange Juice 1,060

3.3 SYSTEM BOUNDARY

In order to provide an adequate comparison with single use packaging, coherent with
the Functional Unit selected, the modelisation of the Life Cycle of reusable packaging
has been set considering the following macro-phases: raw material acquisition and
pre-processing, manufacturing, distribution stage, use stage and end-of-life.

The lifecycle of reusable packaging requires that, after they are produced, they
support several reuse cycles, the number of which (abbreviated hereafter as N)
determines the lifecycle duration. The reuse rate is the number of times a material is
used at the factory. Consequently, the packaging undergo the phases of filling,
distribution, use, washing and recovery N times. Visually, this can be represented as
a fundamentally circular diagram, where a series of life phases are repeated N times,
while the production and end-of-life phases are, inherently, unique.

1x Pack

Production Filling Distribution
N X Use
Washing
IXEoL
1xEoL
l v

Figure 5: modelisation of the Life Cycle of reusable packaging

If a life cycle analysis of this type were carried out, considering the phases that repeat
N times, it would be possible to obtain the cumulative values of the environmental
impacts of the bottle throughout its entire life cycle.

5 https://www.fao.org/fileadmin/templates/food_composition/documents/upload/Density_databse_v1_final.pdf
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Since in the case of single use packaging the life cycle ends after the consumption of
the goods by the customer, while in the case of the reusable packaging the life cycle
can proceed for several cycles of use, to provide an effective comparison between
the two, it has been chosen to assess the impacts of the single cycle of distribution.

This implies that the life cycle scheme for reusable components has to consider one
time the phases that repeats during the lifecycle and to distribute the other stages
that occur just once on the number of phases.

Raw material
Food Packing Distribution Use Cleaning
process
Raw material i Lid p i l_Ll
Lid Pack EoL. Pack EoL
Eol (Not returned (Broken
©! | packaging) packaging)
Impacts distributed on

i SoA equivalent phase

Impacts that occur only
once in the distribution
cvcle

Reusable packaging
phase

Figure 6: Expanded modelisation of the Life Cycle of reusable packaging

All the processes attributed to the packaging are listed in the Life Cycle Inventory
(LCI) divided by life cycle stages. Here below, a list of the processes considered for
each stage is provided, with a specific description of the modelling choices.

Packaging raw materials acquisition and pre-processing: this life cycle stage begins
when resources are extracted from nature and ends when product components enter
the packaging production plant. In particular, it includes the pre-processing of material
inputs. According to PEF method, the raw materials consumption shall be calculated
dividing the actual weight of the packaging by the number of times the packaging is
reused. In this way, the impacts coming from the extraction of resources are
distributed over the reuse rate. The transportation related to the acquisition of raw
materials is partly modelled by ecoinvent market processes datasets.

Packaging manufacturing: the production stage begins when the raw materials enter
the production site and ends when the packaging components leave the production
facility. The transportation related to the acquisition of raw materials is partly
modelled by ecoinvent market processes datasets.

Packaging transport from packaging manufacturer to the product factory:
according to PEF method, this transport impact shall be calculated, as all phases that
are unique during the lifecycle, by dividing the one-way trip impact by the number of
times the packaging is reused.

Filling stage: in this phase the packaging is filled with food and all the other accessory
components, as the single use lids, are added to the assembly.

Distribution to final user: this transport stage has been modelled considering the one
way trip from the filling plant to the user house.

Use stage: in this phase, it is assumed that users dispose of the single-use lids, while
a fraction of the containers are retained by customers and eventually reach end-of-
life. This fraction represents the likelihood that some packaging will be removed from
the reuse scheme by customers and is object of sensitivity analysis.

Recovery: empty packaging are recovered by using Reverse Vending Machines,
placed in stores or in district.

Transport to washing centers: empty packaging are then transferred to the washing
center, where they are inspected and cleaned.
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Washing process: in this stage, packaging are cleaned and regenerated for further
reuses. the fraction that is damaged due to previous uses is sent off to end of life.

Loss rate modeling: in life cycle modeling, two points were identified where
packaging output flows are concentrated, within the use and withing the washing
phases. In contrast, at each reuse cycle, packaging that is lost is reintegrated by
feeding new packaging into the stream.

|

64.6%

+ +

60% 60 13

— watera
—“ 100-64.6°(N-1)%

Process

+

— Mitera Lid production 100

m SR e e
Impacts that occur only Reusable packaging
once in the distribution phase

cvele

— | Collection )
Filling 100% 4| Distribution {0, Shop 100% Use Erergy center 68% Washing
| Center 1

[ In district
100% 32 RVM
lids o

Figure 7: Loss rate modeling

This results in more accurate modeling of reuse rates, taking into account loss rates
and the different amortizations of packaging based on different reuse numbers.

As reuse cycles increase, the virtual composition of containers varies, with containers
having experienced different numbers of reuses.

Packaging virtual composition at N cycles, considering a loss rate of 20%

Number of
cycle object of Virtual packaging composition

assessment 0% 40% 51% 64% 80% 100%
N=1 N=1
N=2 N=2 N=1
N=3 N=3 N=2 N=1
N=4 N=4 N=3 N=2 N=1
N=5 N=. N= N=2 N=1

Figure 8: Virtual composition of containers
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To accurately describe the virtual mass of the containers, taking into account the
different allocations of reuse cycles for progressively reintegrated containers, the
following function has been defined:

1#$ "

"& " (" "& " (3
PHS % —— ) (T ———
"%$ +) &

#)&
where !"#$ represents the virtual composition of the packaging, at # number of
cycles, ( the percentage of containers |loss at every reuse cycles and + denotes each
intermediate cycle from 1 to #-1.

The behavior described by this formula can be rearranged as follows:

1
1 o
1A o o w ol #S s T np w col#E
-#$/0#&($ ) ( #_&& ¢
18
where ! is the mass of the packaging, # the number of cycles of the most used
packaging in use and ( the percentage of container loss at every reuse cycles.

The formula can be described by splitting it in two sections. The first element,
represented by the function —-"& * (3'#® describes the allocation of the containers
that are in use since the first cycle. Their mass is then allocated on the number of

reuses, taking into account the fact that at each cycle, a percentage of them is sent
to end of life. The remaining ones, sustain several reuse cycles.

The second element in the formula, represented by the summatory function
(’5#&|_#$"&' ($'#% describes how the novel packaging that are immitted to

reintegrate the losses, sustain a lower number of reuses then the original ones. At the
same time, the population of reintegrated packaging that have sustained a higher
number of reuse cycles, decreases with the increasing of rotations.

The behavior described by this formula has been employed to model the virtual
composition of the mass of reusable packaging as the number of reuses changes. In
particular, this formula has been used to allocate the mass on the number of reuses
for the phases of raw materials acquisition and preprocessing, production, transport
to filling plant and end of life stages for reusable packaging.

As an example of the application of the model, considering a packaging with mass of
100g, a return rate of 68% of the original packaging and a breakage rate of 5% (see

"3.1 Goal of the study) of the remaining one, it is possible to obtain the following
values for the mass across the variation of the number of cycles:

Tab 13. Example of virtual composition of containers

1 100,00

2 67,70

3 60,74

4 58,50

5 57,63

6 57,25

7 57,08

8 57,00

9 56,95

10 56,93

11 56,92

12 56,91
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120,00
100,00
80,00

60,00

Virtual mass

40,00
20,00

0,00
1 2 3 4 5 6 7 8 9 10 11 12

Number of cycles

Figure 9: Example of virtual composition of containers

Loss and breakage rate: in the life cycle model, packaging is lost during the use phase
when customers do not return it to the RVM, and when containers are deemed unfit
for further reuse cycles during the washing process. Due to the absence of real data
from the demonstration project, a reference base scenario, coherent with the one
described in the WP3.4 work, has been selected. In particular, it has been considered
a likelihood of not returning the containers of 32% and a breakage rate of 5%.

Transport modelling: transport distances used in the model were sourced from WP3.
Specifically, precise transport distances between the different stages were
determined accounting for variations in the system at the variation of return and
breakage rates.

3.4 ENVIRONMENTAL FOOTPRINT IMPACT CATEGORIES

LCA results are presented through various environmental impact categories. For the
impact assessment, all the 16 EF (Environmental Footprint) impact!categories shown
in Table 14 are considered together with an all-encompassing value expressed in Pt
obtained by weighting the different categories through appropriate factors. In the
interpretation phase, only the most relevant impact categories are considered. Table
14 shows the list of all the EF 3.1 impact categories, and related indicators and units
are provided®.

Tabl4. impact categories and related indicators and units.

Acidification Accumulated Exceedance mol H+ eq Accumulated Exceedance
(AE)

Climate change Radiative forcing as Global kg CO2 eq Baseline model of 100
Warming Potential years of
(GWP100) the IPCC (based on IPCC

2013)
Ecotoxicity, Comparative Toxic Unit for CTUe USEtox model
freshwater ecosystems (CTUe)

6 Zampori, L. and Pant, R., Suggestions for updating the Product Environmental Footprint (PEF) method, EUR 29682 EN,

Publications Office of the European Union, Luxembourg, 2019, ISBN 978-92-76- 00654-1, doi:10.2760/424613, JRC11595. ! 3.2.3
Environmental Footprint impact categories, Tab. 2
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Eutrophication, Fraction of nutrients Kg N eq EUTREND model
marine reaching
marine end compartment
(N)
Eutrophication, Fraction of nutrients Kg P eq EUTREND model
freshwater reaching
freshwater end
compartment
P
Eutrophication, Accumulated Exceedance mol N eq Accumulated Exceedance
terristrial (AE)
Human toxicity, Comparative Toxic Unit for CTUh USEtox model
cancer humans (CTUh)
Human toxicity, Comparative Toxic Unit for CTUh USEtox model
non-cancer humans (CTUh)
lonising radiation Human exposure efficiency = KBq U-235 Human health effect model
relative to U235 eq
Land use Soil quality index Dimensionl = Soil quality index based on
ess (pt) LANCA (ECJRC)
Ozone depletion Ozone Depletion Potential kg CFC-11 Steady-state ODPs as in
(ODP) eq (WMO
1999)
Particulate matter Impact on human health disease PM method recomended
inc. Yy
UNEP
Photochemical Tropospheric ozone kg NMVOC LOTOS-EUROS model as
ozone concentration increase eq implemented in ReCiPe
formation 2008
Resource use, Abiotic resource depletion— MJ CML 2002
fossils fossil fuels (ADP-fossil)
Resource use, Abiotic resource depletion kg Sb eq CML 2002
minerals (ADP ultimate reserves)
and metals
Water use User deprivation potential m3 depriv. = Available WAter REmaining
(deprivation-weighted (AWARE)
water
consumption)

3.5 DATA COLLECTION AND QUALITY

a. Data collection

In accordance with the WP3 timeline, the data collection phase was conducted in a
structured manner, though the availability of certain detailed data was limited. This
limitation aligns with the general scarcity of information identified during the state-of-
the-art data collection (D6.1b). The primary focus of data gathering was on core
packaging characteristics, which are summarized in the accompanying table sent to
(RE)SET .

Initial data collection centered on key parameters, including the description of single-
use and reusable packaging, specific food category, product selection for
demonstrator purposes, packaging capacity (in ml), global weight (in grams), product
weight, packaging weight, and process technology. Detailed material information was
also documented, covering the main packaging body material and accessory
elements (such as caps, labels, and other components). For each accessory
component, we noted whether it is disposable or reusable in line with the container’s
reuse cycle.

Beyond these core parameters, additional data requests were addressed. As a
starting point, transportation distances have been provided by the UniBo team
through the calculation of a median for each transportation phase, with specific focus
on refrigerated trucks for certain product references.
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The washing process was another key area, where primary data on water and
detergent consumption, energy usage, and process efficiency were collected for
glass bottles. More detailed data on the washing process for other types of packaging

remains pending.

To enhance the sustainability analysis, technical specifications for the Reverse
Vending Machines (RVMs) in use were requested, including details on energy
consumption, machine weight, material composition, and efficiency. Information on
the daily processing capacity of these machines was gathered to estimate energy
allocation per packaging unit. The targeted frequency for emptying the RVMs has
been established as once per month, although further details on machine fill-up rates
are needed, as usage rates depend on user behavior.

The following table summarizes the data collection activity:

Tab 15. Data collection activity description

*

* %

Packaging
Description

Packaging

Capacity
Weights

Process

Technology

Packaging
Composition

Transportation
Details

Washing
Process

Reverse
Vending
Machine (RVM)

Efficiency

End of Life

Funded by

the European Union

Description of single-
use and reusable
packaging

Capacity in ml

Global weight, weight of

product, weight of
packaging
Technology used for
packaging
manufacturing

Main packaging body
material, components,
and whether
components are
disposable or reusable

Distances between
operational stages of
life cycle

Water and detergent
usage, energy
consumption, process
efficiency

Technical datasheet
with energy
consumption, machine
weight, material, and
efficiency

Efficiency data for
washing and RVM
processes (number of
pieces processed and
time to fill machine)
Share and treatment
process characteristics

Initial data collected, details
provided for demonstrators

Collected, pending specific
packaging types
Data collected

General information
provided, specific
manufacturing inputs taken
from Ecoinvent database

General components
material recorded;

accessory elements’
reuse/disposal noted

Collected for specific
transportation stages based
on EAN codes

Primary data available for
glass bottles

Information on RVMs
collected

Initial data provided; pending
specific usage rates

French specific data
gathered

Primary data
from (RE)SET

Primary data
from (RE)SET
Primary data
from (RE)SET

Primary data
from (RE)SET,
secondary
dataset from
Ecoinvent
database.

Primary data
from (RE)SET,
specific material
composition
taken from
Ecoinvent
database
Primary data
processed data
from UniBo

Primary data
from (RE)SET

Primary data
from (RE)SET

Primary data
from (RE)SET

Secondary data
from statistics,
process
datasets from
Ecoinvent
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b. Data quality

To support the initiation of Life Cycle Assessment (LCA) studies, the quality and
consistency of the collected data are essential. The primary and secondary data
sources are presented in Table 15.

In particular, for primary data, packaging characteristics, weights, materials, and
process details—were provided by (RE)SET, while processed transportation data,
including EAN codes were sourced from UniBo.

Temporal Representativeness: given the ongoing process of demonstration and
active data collection from the partners, the majority of primary data collected
pertains to the current operational context. Secondary Data have been derived from
the latest available datasets in Ecoinvent, ensuring compatibility with modern industry
standards.

Geographical Representativeness: primary data focuses on specific operational sites
and logistical routes, offering a precise geographical scope. For what concerns
secondary data, processes and materials-related Ecoinvent datasets have been
aligned to the French Energy Mix; while for End-of-Life rates (percentage of recycling,
landfill, and incineration) reference data have been taken from French data.

Technological Representativeness: Primary data directly reflects washing, and RVM
processes, ensuring high relevance. Secondary Data about material composition,
process technologies and EoL management that are consistent with industry
averages.

Completeness: primary data covers all major life cycle stages complemented by
secondary data of materials and processes specificity and EoL processes.

Methodological Consistency: the combination of primary and secondary data follows
a harmonized methodology, ensuring alignment with the PEF framework. For the
remaining data needs, the decision is to rely on data retrieved from databases
available in SimaPro, specifically the Ecoinvent database, to ensure a robust and
comprehensive foundation for LCA assessments.

It is also worth noting that the quality of the data collected for reuse is aligned with
the data obtained for the state of the art, ensuring that these studies remain
comparable. Despite these challenges, the data collected so far, supplemented by
SimaPro, provides a solid foundation for preliminary LCA studies, with further
refinements expected to enhance the accuracy and reliability of the assessments.

The data collection and the study aim have been aligned with UniBo’s WP3 study
thanks to a strict collaboration to maintain coherence with the broader project
objectives.

The retrieved data from partners are reported in Annex 2 at the end of this document.

3.6 LCI - LIFE CYCLE INVENTORY

In this paragraph, the inventory tables are provided and organized to keep the various
phases of the packaging life cycle separate as described in the system boundary
diagram.

PRE-PROCESSING AND MANUFACTURING LCI

Below, for each product, a table describing the pre-processing (PP) and
manufacturing (M) processes of the packaging is provided. The inventory is structured
as a bill of materials: each component that makes the product up is associated with a
position number that reflects the structure of the assemblies; quantity and weight in
grams are indicated for each component/assembly.

Regarding pre-processing, the material (as declared by the company in the data
collection form) is indicated for each layer, together with the corresponding raw
material selected in SimaPro. With respect to manufacturing, a description of the
processes used and an indication of the corresponding processes in SimaPro is
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provided. If the original datasets have been modified to adapt them to the French
context by selecting, for example, energy data related to this geographical area, all
the modifications made are reported in a dedicated column.

In correspondence with each table, any limitations and assumptions made during the
compilation of the inventory are reported.

PRODUCT 01

! STATE OF THE ART - TABLE (E1), PP-M LCI, — Florette Shaker, PET Cup
Assumptions and limitations: the heat sealing process for components 1.1 and

1.2 has been omitted due to the lack of specific information retrieved in the
data collection and suitable Ecoinvent datasets. Furthermore, no information
has been provided regarding eventual printing processes and related ink,
which therefore were not included in the analysis.

Tab EL. PP-M LCI, PRODUCT 01 — Florette Shaker, PET Cup

TABLE E1

Weight per
ID Description Quantity 100g of
product [g]

1 PET Cup 1 5,391
11 | PET Foil Lid 1 0,348
1.2  PET Shaker 1 5,043

***** Funded by
- the European Union

* %

PRE-PROCESSING MANUFACTURING
Material Processing Processing
variations
Material Processing (available
FR
i (Original  datasets
(Ecainvent Ecoinvent )
dataset)
/ / Heat sealing / /
Water,
cooling,
Polyethylen . unspeciﬁed
e Extrusion, natural
terephthalat plastic film origin, FR;
PET e, granulate, Extrusion of {RER}| Y
amorphous plastic film extrusion, Electricity,
{RER}| plastic flm medium
production | | Cut-off, U voltage
Cut-off, U {FR}|
market for
| Cut-off, U
Polyethylen Extrusion
e - of plastic
terephthalat EXt;:;SSKt)ig g sheets and
e, granulate, thermofor
AT amorphous tﬁg?gtgfg?gi ming, inline /
{RER}] g {FR}|
production | processing
Cut-off, U | Cut-off, U
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! REUSE - TABLE F1, PP-M LCI,— Florette Shaker, PP Tray + Lid

Assumptions and limitations: no information has been provided regarding eventual
printing processes and related inks, or other labels, which were therefore not included

in the analysis.

Tab Fl. PP-M LCI, PRODUCT O1-r — Florette Shaker, PET Cup

TABLE F1 PRE-PROCESSING MANUFACTURING
Weight Material Processin Processin
per . varie?tions
ID | Description | Quantity 100g of | Material (Ecoinvent Processing  (Original (available
product dataset) Ecoinven FR
[a] t dataset) datasets)
1-r PET Cup 1 18,44 / / / / /
Injection
Polypropyl m%uLI(d)lng
=l r{narke}l
) . granulate Injection
L1-r PP Lid 1 0,8 PP {RER}| moulding injef(?trion /
production b
| Cut-off, U moulding
! | Cut-off,
u
Extrusion
of plastic
sheets
Pol)éﬁreopyl Extrusion of and
T plastic thermofor
1.2-r PP Tray 1 17,640 PP g{RER}| sheets and ming, /
production thermoform inline
| Cut-off, U ing (PR}
' processin
g | Cut-
off, U
PRODUCT 02

! STATE OF THE ART -

TABLE E2, PP-M LCI, — Salad MDD, PET Tray

Assumptions and limitations: no information has been provided regarding

eventual printing processes and related inks, or other labels, which were
therefore not included in the analysis.

Tab E2. PP-M LCI, PRODUCT 02 — Salad MDD, PET Tray

TABLE E2 PRE-PROCESSING MANUFACTURING
Weiaht Material Processing Processin
eig g
ID  Description Quantity P 1009 ' yiaterial i Processin (Original Variations
P Q Y of product (%(;(;gs\gi?t 9 coinvent (available
[a] dataset) FR
datasets)
Inline
2 PET Tray 1 12 / / manual / /
closing
Polyﬁethyle Extrusion
- of plastic
tere;t)glthala E);t[r):fs“t)ig e
21 PET Lid 1 4 PET granulate, sheets and rtr::r? rmigﬁgé /
amorphous thermofor {%R}l
RER min -
prc{)duc%ilon J processing
| Cut-off, U | Cut-off, U
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Polyethyle Extrusion
ne i
. of plastic
terephthala  Extrusion o 0000
te, of plastic - "0 mofor
22 PET Bowl 1 8 PET granulate, sheets and ming. inline /
amorphous thermofor {%R}I
{RER}| ming i
production Féﬂi?gfsfmg
| Cut-off, U '

! REUSE - TABLE F2, PP-M LCI, — Prepared Salad Tray 261 mL

Assumptions and limitations: no information has been provided regarding
eventual printing processes and related inks or other labels, which were
therefore not included

Tab F2. PP-M LCI, PRODUCT 02-r — Prepared Salad Tray 261 mL

TABLE F2 PRE-PROCESSING MANUFACTURING
Weight Material Processing Processing
i ... per 100g ; ; variations
ID | Description Quantity of product Material Processing . (available
[a] (Ecoinvent E(Or_lglnalt FR datasets)
dataset) comnven
dataset)
2-r PET Cup 1 18,44 / / / / /
Polypropyle Injection
ne, moulding
) . granulate Injection {GLO}| market
2.1-r PP Lid 1 08 il {RER}| moulding  for injection /
production | moulding |
Cut-off, U Cut-off, U

Extrusion of
Polypropyle Extrusion of plastic sheets

raﬂﬁiate plastic and
2.2-r PP Tray 1 17,640 PP g{RER}| sheets and thermoformin /
3 thermoformi g, inline {FR}|
production | ;
Cut-off U ng processing |
! Cut-off, U
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PRODUCT 03
! STATE OF THE ART - TABLE E3, PP-M LCI, — Sour cream, Cup

Assumptions and limitations: the sealing process for components 3.2 and 3.3
and the closing process for components 3.1 and 3.3 have been omitted due to
the lack of specific information retrieved in the data collection and suitable
Ecoinvent datasets. The manufacturing process for the monolayer Aluminium
Lid (3.2) was not declared, thus, sheet rolling was assumed as the most suitable
option. Furthermore, no information has been provided regarding eventual
printing processes and related inks, which were therefore not included in the

the European Union

*
* 5 *x

analysis.
Tab E3. PP-M LCI, PRODUCT 03 — Sour cream, Cup
TABLE E3 PRE-PROCESSING MANUFACTURING
' Material Processing Processing
\g\/rellggt g variations
ID | Description Quantity o? produ?:t Material Processing (avallzi:?able
. Original
[a] (Ecoinvent E(c o?r?\;gﬁ : datasets)
dataset) dataset)
Inline closing
3 Cup 1 6,18 / / and sealing / /
Polyethyle
ne Extrusion of
terephthal Extrusion of plastic sheets
PET ate, plastic sheets and
31 Overca 1 1,525 PET granulate, and thermoformin /
p amorphou thermoformin g, inline {FR}|
s {RER}| g processing |
production Cut-off, U
| Cut-off, U
| Water,
unspecifie
. d natural
AIL;Tér;um Sheet rolling, origin, FR;
- J aluminium 1
3.2 AluTi'S'um 1 0,405  Aluminium f‘é';fg:};l Sheet rolling {RER_}| Electricity,
market for processing | medium
| Cut-off, U Cutoff, U voltage
{FR}|
market for
| Cut-off, U
Extrusiion of
Pol)éﬁreopyl Extrusion of plastic sheets
T plastic sheets and
33 PP Bowl 1 4,25 PP g{RER}| and thermoformin /
production thermoformin g, inline {FR}|
| Cut-off, U g processing |
! Cut-off, U
PR Funded by This project has received funding from the European Union’s Horizon Europe
* Research and Innovation programme under Grant Agreement No 101060806. This
*

document reflects the views of the author(s) and does not necessarily reflect the
views or policy of the European Commission. Whilst efforts have been made to
ensure the accuracy and completeness of this document, the European Commission
shall not be liable for any errors or omissions, however caused.!



D6.2 53

| REUSE - TABLE F3, PP-M LCI, — Sour cream PP Bucket + Lid

Assumptions and limitations: no information has been provided regarding
eventual printing processes and related inks or other labels, which were
therefore not included in the analysis.

Tab F3. PP-M LCIl, PRODUCT 03-r — Sour cream PP Bucket + Lid

TABLE F3 PRE-PROCESSING MANUFACTURING
Weiaht ber Material Processing  processing
D Descriptio - gnhtp ; ; variations
n Quantity | 100g of Material Processing (available FR
product [g] (Ecoinvent (Original datasets)
dataset) Ecoinvent
dataset)
PET
3-r Bucket + 1 4,58 / / / / /
Lid
Injection
Pol)éﬁreopyl moulding
C C GLO}
) ; granulate Injection {
31-r PPLid 1 1,12 PP {RER}| moulding ni]ra;ljrekcetgr?r /
production :
| Cut-off, U moulding |
! Cut-off, U
Injection
Pol)éﬁreopyl moulding
32-r PPBucket 1 3,46 pp  Oranuiate Inection  {SOM /
) ! {RER}| moulding injection
production :
| Cut-off, U moulding |
! Cut-off, U
PRODUCT 04

! STATE OF THE ART TABLE E4, PP-M LCI — Greek yoghurt, Cup

Assumptions and limitations: the sealing process for components 4.2 and 4.3
and the closing process for components 4.1 and 4.3 have been omitted due to
the lack of specific information retrieved in the data collection and suitable
Ecoinvent datasets. The manufacturing process for the monolayer Aluminium
Lid (4.2) was not declared, thus, sheet rolling was assumed as the most suitable
option. Furthermore, no information has been provided regarding eventual
printing processes and related inks, which were therefore not included in the
analysis.

Tab E4. PP-M LCI, PRODUCT 04 — Greek yoghurt, Cup

TABLE E4 PRE-PROCESSING MANUFACTURING
Weight Material Processing T/':r?:tsizir?sg
ID Description Quantity o??orr%)?j%?:t Material Processing (available
) (Original FR
fa] (Ecoinvent Ecoinvent  datasets)
dataset)
Inline closin
4 Cup 1 45 / / e Sea"ngg / /
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Polyethyle
ne Extrusion of
terephthal Extrusion of plastic sheets
ate, plastic and
4.1 PET Overcap 1 1,11 PET granulate, sheets and thermoforming /
amorphou thermoformi , inline {FR}|
s {RER}| ng processing |
production Cut-off, U
| Cut-off, U
| Water,
unspecified
- natural
AIL;T(;nlum Sheet rolling, origin, FR;
AIMyé aluminium 1
4.2 Aluminium Lid 1 0,278 Aluminium {GL8}| Sheet rolling {RER}| Electricity,
market for processing | medium
Cut-off, U Itage
| Cut-off, U voltag
{FR}
market for
| Cut-off, U
Extrusion of
Folyprapyl Extrusion of plastic sheets
ene, .
S plastic and _
43 PP Bowl 1 3,111 PP g {RER}| sheets and thermoforming /
production thermoformi , inline {FR}|
[Cutoff,u M9 Processing]
’ ut-off,

! REUSE - TABLE F4, PP-M LCI, — Greek yoghurt, PP Cup + Lid

Assumptions and limitations: no information has been provided regarding
eventual printing processes and related inks or other labels, which were
therefore not included in the analysis.

Tab F4. PP-M LCI, PRODUCT 04-r — Greek yoghurt, PP Cup + Lid

TABLE F4 PRE-PROCESSING MANUFACTURING
- Material Processing Processing
\é\/rellggt d variations
ID | Description Quantity 0‘12 produ?:t Material Processing (available
. FR
lal (Ecoinvent E(coo?r?\;gﬁlt datasets)
dataset) dataset)
4 PETBusket =y 4,58 / / / / /
Polypropyl Injection
ene, moulding
_ : granulate Injection {GLO}| market
4l PP Lid 1 L2 o {RER}| moulding for injection /
production moulding | Cut-
| Cut-off, U off, U
Polypropyl Injection
ene, moulding
_ granulate Injection {GLO}| market
42-r| PP Bucket 1 346 o {RER}| moulding for injection /
production moulding | Cut-
| Cut-off, U off, U
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PRODUCT 05

! STATE OF ART - TABLE E5, PP-M LCI, — Pork chop, Wrapped Tray

Note: for the “In-shop products” food category a specific EPS tray was not
supplied by the partners, therefore a suitable one for the reference product (2
pork chops) was selected by the authors. Specifically, the product consists of
an expanded polystyrene tray and a PVC film.

Assumptions and limitations: the wrapping process (manual or automatic) has
been omitted as considered negligible and due to the absence of suitable

Ecoinvent datasets.
Tab E5. PP-M LCI, PRODUCT 05 — Pork chop, Wrapped Tray

TABLE E5 PRE-PROCESSING MANUFACTURING
) Material Processing Processing
Weight per - variations
ID Description Quantity 100g of  Material (gcoinvent ~Processing (Original  (available
product [g] dataset) Ecoinvent FR
dataset) datasets)
5 W?rg;/ed 1 2,76 / / Wrapping / /
Polyvinylchlori I Water,
de, cooling,
suspension - unspecified
polymerised El);tsrtli’g'%?ﬁ natural
PVC {RER}| Bubble P (RER)| origin, FR;
51 Wrapping 1 0,58 PVC polyvinylchlori extrusion of TR | Electricity,
Film de plastic film lastic filml | medium
production, pC voltage
. ut-off, U g
suspension {FR}| market
polymerisatio for | Cut-off,
n | Cut-off, U U
Extrusion of
Extrusion of plastic sheets
plastic and
sheets and thermoformin /
thermoformi g, inline {FR}|
ng processing |
Polystyrene Cut-off, U
expandable !c\gﬁi;er'
5.2 PSE Tray 1 2,18 EPS {RER}| e eciﬁ'ed
production | P p
Cut-off. U olymer natural
’ foaming origin, FR;
Foaming {RER}| | Electricity,
processing|  medium
Cut-off, U Vo|tage
{FR}| market
for | Cut-off,
u

REUSE - TABLE (F5), PP-M LCI, — PP Tray + Lid
Tab E5. PP-M LCI, PRODUCT 05-r— Pork chop, PP Tray + Lid

TABLE F5 PRE-PROCESSING MANUFACTURING
Weight Material Processing  Processing
_— .. per 100g . . o variations
ID | Description Quantity of product Material (Ecoinvent Processing (Or_lglnal (available FR
[g] dataset) Ecoinvent datasets)
dataset)
5-r W’Ta‘rgge" 1 8,4 / / / / /
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5.1-r Tray 1 8
52-r Lid 1 0,4
PRODUCT 09
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Injection
Pol)éﬁreopyl moulding
C C {GLO}|
granulate Injection
PP {RER}  moulding "I‘Ere";fgr?’ /
production :
| Cut-off, U moulding |
! Cut-off, U
Extrusion of
Polypropyl - plastic
ene, EXt;:;SSKt)ig of sheets and_
PP gr{alt?r;zuéa}llte sheets and th:“ émiglfiﬁ;m' /
production thern:loforml {FR}|
| Cut-off, U 9 processing |
Cut-off, U

! STATE OF ART - TABLE E9, PP-M LCI, — Peanut curl, OPP Film
Assumptions and limitations: The Metallization process for OPP fiim (9.2) has

been omitted due to the lack of specific information retrieved in the data
collection (type of metal and type of process). The printing process has been
omitted due to the absence of suitable Ecoinvent datasets, only the dataset
of ink has been considered.

Tab E9. PP-M LCI, PRODUCT 09 — Peanut curl, OPP Film

TABLE E9 PRE-PROCESSING MANUFACTURING
Weight Material Processing  Processing
i : per 100g ; ; variations
ID Description Quantity of product Material Processing Origina (available FR
i rigina datasets
te] (Ecoinvent Ecoinvent )
dataset)
9 Bag 1 4,456 / / / /
Printing ink,
offset,
. without fr
9.1 OPP Film 1 0,3312 Ink solvent, in Printing Ink / /
47% solution
state {RER}|
- Laminating
_Acrylic service, foil, ! Electricity,
binder, with : . :
. with acrylic medium
9.2 OPP Film 1 0,2368 Adhesive ' . Lamination binder voltage {FR}|
54% solution
state {RER} | {RER}l market for |
Cut-off. U processing| Cut-off, U
! Cut-off, U
| Water,
cooling,
Polypropyle Extrusion, unspecified
ne, plastic film natural origin,
; granulate | Extrusion of {RER}| FR;
93 PP Foil 1 3,888 PP {RER}| plastic film  extrusion, | Electricity,
production | plastic film | medium
Cut-off, U Cut-off, U voltage {FR}|
market for |
Cut-off, U
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el REUSE - TABLE F9, PP-M LCI, — Chips PP Bucket + Lid

Assumptions and limitations: no information has been provided regarding
eventual printing processes and related inks or other labels, which were
therefore not included in the analysis.

Tab F9. PP-M LCI, PRODUCT 09-r — Chips PP Bucket + Lid

TABLE F9 PRE-PROCESSING MANUFACTURING
- Material p F Processing
p\é\/rei%gtg ateria roc.es.smg variations
ID  Description Quantity product Material (gcoinvent Processing E(coo?r?\lgﬁlt (av?:inglble
[o] dataset) dataset) datasets)
9-r PET Cup 1 56,32 / / / / /
Polypropyle Injection
ne, moulding
_ Co granulate Injection {GLO}| market
91-r | PP Clip Lid 1 13,12 il {RER}| moulding for injection /
production | moulding | Cut-
Cut-off, U off, U
Polypropyle Injection
ne, moulding
_ granulate Injection {GLO}| market
92| PP Bucket 1 43,2 il {RER}| moulding for injection /
production | moulding | Cut-
Cut-off, U off, U
PRODUCT 10
! STATE OF ART - TABLE E10, PP-M LCI, — Savory biscuits, OPP &
Cardboard

Assumptions and limitations: The metallization process for OPP film (10.2) has
been omitted due to the lack of specific information retrieved in the data
collection (type of metal and type of process).

For the Cardboard box (10.1), a dataset for the production of a folding
boxboard carton has been used, which does not contain specific data on
recycled cardboard.

Tab E10. PP-M LCI, PRODUCT 10 — Savory biscuits, OPP & Cardboard

TABLE E10 PRE-PROCESSING MANUFACTURING
Weight Material Processing Processing
_— .. per 100g . . variations
ID | Description Quantity of product Material F— Processing (Original (available
[a] dataset) Ecoinvent FR datasets)
dataset)
Savory
10 Biscuit 1 25,75 / / / /
! Variation
Folding amount of
boxboard Varnish and
carton Ink
10.1 Cargggard 1 24 Flat cut production | Electricity,
{RER}| medium
production | voltage {FR}|
Cut-off, U market for |
Cut-off, U
- Laminating
bing(érl}ll\lf\:lith se_rvice, fo_il, | Electricity,
S with acrylic  medium
10.2 | OPP Film 1 0,15 Adhesive 4" Clition -@Mination binder  voltage {FR}|
state {RER} | {RER}l market for |
Cut-off. U processing | Cut-off, U
! Cut-off, U
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| Water,
cooling,
Polypropyle Extrusion, unspecified
ne, plastic film natural
. granulate Extrusion of {RER}| origin, FR;
103 PP Foil 1 16 PP {RER}| plastic film extrusion, | Electricity,
production | plastic film | medium
Cut-off, U Cut-off, U voltage {FR}|
market for |
Cut-off, U

-l REUSE - TABLE F10, PP-M LCI — Savory Biscuits PP Bucket 1L + Lid

Assumptions and limitations: no information has been provided regarding
eventual printing processes and related inks or other labels, which were
therefore not included in the analysis.

Tab F10 PP-M LCI, PRODUCT 10-rl — Savory biscuits PP Bucket 1L + Lid

TABLE F10 PRE-PROCESSING MANUFACTURING
. . Processing
Weight per Material Processing variations
ID | Description Quantity 100g of Material . Processing (Original (available
product [g] (EeemsEns E(coingvent FR
dataset) dataset) datasets)
10-r1 PET Cup 1 46,7 / / / / /
Injection
Polypropylen moulding
e, granulate N {GLO}|
101-rt PP Clip Lid 1 9,7 PP {RER}| r'r']‘flﬁg%" market for /
production | g injection
Cut-off, U moulding |
Cut-off, U
Injection
Polypropylen moulding
e, granulate S {GLO}|
10.2-r1 PP Bucket 1 37 PP {RER}| r':]‘flﬁgl‘;" market for /
production | g injection
Cut-off, U moulding |
Cut-off, U

- REUSE - TABLE G10, PP-M LCI — Savory Biscuits PP Bucket 2L + Lid

Assumptions and limitations: no information has been provided regarding
eventual printing processes and related inks or other labels, which were
therefore not included in the analysis.

Tab G10.1 PP-M LCI, PRODUCT 10-r2 — Savory biscuits PP Bucket 2L + Lid

TABLE G10 PRE-PROCESSING MANUFACTURING
: . Processing
Weight per Material Processing variations
ID | Description Quantity 100g of Material Processing (Original (available
product [g] (Ecoinvent 19
dataset) = el Ve datasets)
dataset)
10-r2 PET Cup 1 27,3 / / / / /
Injection
Polypropylen moulding
e, granulate S {GLO}|
10.4-r2 PP Clip Lid 1 8,8 PP {RER}| r':]‘flﬁg%" market for /
production | g injection
Cut-off, U moulding |
Cut-off, U
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Injection
Polypropylen moulding
e, granulate Iniection {GLO}|
10.2-r2 PP Bucket 1 18,5 PP {RER}| mi)uldin market for /
production | g injection
Cut-off, U moulding |
Cut-off, U
PRODUCT 11

el STATE OF ART - TABLE El1, PP-M LCI, — Orange Juice- PET Clear

Bottle

Assumptions and limitations: Printing processes and inks on OPP label: omitted

due to the lack of specific information retrieved in the data collection.
Tab Ell. PP-M LCI, PRODUCT 11 — Orange Juice- PET Clear Bottle

TABLE E11 PRE-PROCESSING MANUFACTURING
Weight Material Processing Processing
ID | Description Quantity o?%rr%)?j?,l?:t Material . Processing @l \(/:\sglt;%'?:
[al (Ecoinvent Ecoinvent FR datasets)
dataset) dataset)

11  Clear bottle 1 3,2 / / Capping / /
P_olyethylt_ene, L(\)’\cl)?:g'
h'g:]&g;‘:'ty’ Injection unspeci'fied
?RER}| moulding natural

Injection RER igi ;
111 HDPECap I 03 HDPE polyethylene eCHON i{nj ERH °Eg2ir'i:c$t-y
ﬁirot?(l;(e:tr:(s)i?’y moulding| medium
g : Cut-off, U voltage {FR}|
gra;nulfaf\t? market for |
ut-o
! Cut-off, U
! Water,
cooling,
Extrusion, unspecified
Zog;g:ﬁzl:n plastic film natural
: : Extrusion of {RER}| origin, FR;
1.2 OPP Foil 1 01 PP {TESE'JLti on| plastic film extrusion, IElectricity,
et plastic film | medium
' Cut-off, U  voltage {FR}|
market for |
Cut-off, U
Polyethylene
terephthalate, i:(\al\cl)?:g'
g:)a;gllélatr(z de Stretch blow unspeci'fied
{RER}|g moulding natural
Stretch blow {RER}| origin, FR;
L4 A feorlgengelgtee moulding stretch blow Electricity,
rodqjction moulding| medium
Sranulate ’ Cut-off, U voltage {FR}|
! market for |
bottle grade | Cut-off U
1.3 PET Bottle 1 Cut-off, U ut-ott,
Water,
cooling,
rPET Injection unspecified
CIRCULAR moulding natural
14 PET FOOTPRINT Injection {RER}| origin, FR;
’ FORMULA moulding injection Electricity,
DATASET moulding| medium
Cut-off, U voltage {FR}|
market for |
Cut-off, U
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el REUSE - TABLE Fl11, PP-M LCI, — Orange Juice- Glass Bottle 1I

Assumptions and limitations: Because there is no dataset within the ecoinvent
database describing the blow molding process for glass, it was modeled
considering the blow molding process used for plastics. Label material, printing
processes and inks have been omitted due to the lack of specific information
retrieved in the data collection.

Tab F11. PP-M LCI, PRODUCT 11-r — Orange Juice- Glass Bottle 1l

TABLE F11 PRE-PROCESSING MANUFACTURING
. Material p ; Processing
Ve\/rei%gt ateria rocessing variations
ID | Description Quantity 0‘12 produ?:t Material Processing (available
: Original FR
[9] (Ecoinvent Jonginal = acets)
ataset) dataset)
1-r PET Cup 1 38 / / / / /
Tin plated
chromium :
steel sheet, 2 Sheet r(_)ll|ng,
: chromium
mm {RER}] tin
Twist-off plated - SEEllE
11.1-r 1 0,5 Metal A Sheet rolling sheet rolling, /
capsule chromium e
steel sheet steel | Cut-
production, 2 off. U
mm | Cut-off, !
U
Blow
White Glass moulding
Circular Blow {GLO}|
11.2-r Glass Bottle 1 375 GLASS Footprint Mouldin market for /
Formula 9 blow
Dataset moulding |
Cut-off, U
PRODUCT 12

el STATE OF ART - TABLE E12, PP-M LCI, — UHT Milk — PET Opaque Bottle

Assumptions and limitations: Printing processes and inks on OPP label: omitted
due to the lack of specific information retrieved in the data collection.

Tab E12. PP-M LCI, PRODUCT 12 — UHT Milk — PET Opaque Bottle

TABLE E12 PRE-PROCESSING MANUFACTURING
Weight Material Processing T/';lor?gtsizigg
ID | Description Quantity ogtgr%)%?,l?:t Material (sl Processing (Original (available
[0] dataset) FeOIMVeNt  tatasets)
12 QPadue 1 28 / / Capping / /
!Wa_ter,
Polyethylene, Injection uncs(:)(;lgﬁéd

high density, h
Hiait e R Injection m{(lj?lljilgl}r;g o:;ai%j rIa:uR'
121 = HDPE Cap 1 0.3 HDPE polyethylene : B R gin, FK;
: : moulding injection
production, high Idi -
density, granulate moulding | EIectr_|C|ty,
2 Cut-off, U medium

| Cut-off, U
voltage
{FR}
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market for
| Cut-off, U
| Water,
cooling,
Extrusion. Unspecified
-~ g hatural
i gﬁg%ﬁ;ct)g ){IIRGISF‘{B}] SisEe pla{lzté%;?m origin, FR;
22 | oppol ' o PP production | Cut- O PI3StiC o irsion, Electricity,
film et medium
off, U plastic film Voltage
Cut-off, U
| {FR}|
market for
| Cut-off, U
| Water,
cooling,
terepntialate Stretch  unspecified
granulate, bottle mgllj?(‘jlzln f]a_turlazllR_
grade {RER}| Stretch {RER}|g origin, FR;
1,2 PET polyethylene blow .
terephthalate  moulding sgletch Electricity,
production, ow medium
granulate, bottle moulding | voltage
grade | Cut-off, U Cut-off, U  {FR}|
' market for
Cut-off, U
12.3 PET Bottle 1 | Cut-o
| Water,
cooling,
unspecified
Injection natural
{:I:szgTCAEﬁqquAR o moulding origin, FR;
1,2 rPET  FORMULA Lfzsilaly | ALy
' DATASET moulding  injection  Electricity,
moulding |  medium
Cut-off, U V0|tage
{FR}]
market for
| Cut-off, U

REUSE - TABLE F12, PP-M LCI, — UHT Milk — White Glass bottle

Assumptions and limitations: Because there is no dataset within the ecoinvent database
describing the blow molding process for glass, it was modeled considering the blow
molding process used for plastics. Label material, printing processes and inks have been

omitted due to the lack of specific information retrieved in the data collection.
Tab F12. PP-M LCI, PRODUCT 12-r — UHT Milk — White Glass bottle

TABLE F12 PRE-PROCESSING MANUFACTURING
Weight Material Processing l?,?r?ge(;(s)igg
ID | Description Quantity o??orr%)?j%?:t Material (Ecoi ¢ Processing (Original  (available
coinven : ER
Ecoinvent
[a] dataset) dataset) ~ datasets)
12-r PET Cup 1 36,5 / / / / /
Tin plated
chromium Sheet rolling,
steel sheet, e
Twist-off ztﬁn;g:gg}l pstee{RER]|
12.1-r 1 0,5 Metal : Sheet rolling sheet rolling, /
capsule chromium D
steel sheet
production, steel | SUt_Off'
2 mm | Cut-
off, U
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) Blow
ngitrilﬁﬁss moulding
12.2-r Glass Bottle 1 36 GLASS  Footprint  , BI?&N {GLfO}lblrlmrket !
Formula oulding oulding
Dataset e
Cut-off, U
PRODUCT 13

! STATE OF ART - TABLE E13, PP-M LCI, — UHT Milk — PEHD Bottle
Assumptions and limitations: Label material, printing processes and inks have

been omitted due to the lack of specific information retrieved in the data

collection

Tab EI13. PP-M LCI, PRODUCT 13 — UHT Milk — PEHD Bottle

TABLE E13 PRE-PROCESSING MANUFACTURING
Weight Material Processing '?/gjr?ggsoinng
ID | Description Quantity o?%rr%)?j%?:t Material Processing (Original (available
8 rigina ER
[a] (Ecoinvent Ecoinvent datasets)
dataset) dataset)
13 |HDPE bottle 1 3,57 / / Capping /
I
Polyethylen -crgliitnegr'
de' high unspecified
ens:ty, Injection natural
granare moulding  origin, FR;
131 HDPEC { H Injection {RER}|
. ap 1 0,27 HDPE | polyethylen moulding injection | Electricity
e a . ]
. moulding | di
production, ) medium
high density, Cut-off, U FI‘?IOItag?( .
granulate | {FR}| marke
Cut-off, U for | Cdjt—of'f,
! Water,
cooling,
unspecified
Stretch blow  natural
moulding  origin, FR;
P°'Yeht.h3"1'e" Stretch blow  {RER}|
de' 9 moulding stretch blow Electricity,
ens, moulding | " medium
gEaRnEuRa}.l = Cut—Off, U Voltage
132 Bottle 1 33 HDPE  polyethylen {FR}| market
e for | Cut-off,
production, : U
high density, Extrusion,
granulate | co-extrusion
Cut-off, U {FR}
Co- extrusion, /
extrusion co-extrusion
of plastic
sheets | Cut-
off, U
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! REUSE - TABLE F13, PP-M LCI, — UHT Milk — Glass Bottle
Assumptions and limitations: Because there is no dataset within the ecoinvent

database describing the blow molding process for glass, it was modeled
considering the blow molding process used for plastics. Label material, printing
processes and inks have been omitted due to the lack of specific information
retrieved in the data collection.

Tab F13. PP-M LCI, PRODUCT 13-r — UHT Milk — Glass Bottle

TABLE F13 PRE-PROCESSING MANUFACTURING
Weight Material Processing Proget?sing
_ variations
ID  Description Quantity PS' 1009 ' \aterial (Ecoinvent = Processing (Original -~ gyailable
of product iR Ecoinvent FR
[a] dataset)  gatasets)
13-r  PET Cup 1 36,5 / / / / /
Tin plated
chromium Sheet
steel sheet, rolling,
2 mm {RER}| chromium
Twist-off tin plated . steel {RER
13.1-r capsule 1 0,5 Metal chrgmium Sheet rolling sheet{rolling, /
steel sheet chromium
Rproduction, steel | Cut-
2 mm | Cut- off, U
off, U
Blow
White Glass moulding
Circular Blow {GLO}|
13.2-r Glass Bottle 1 36 GLASS Footprint Mouldin market for /
Formula 9 blow
Dataset moulding |
Cut-off, U
PRODUCT 14

! STATE OF ART - TABLE E14, PP-M LCI, — Savory biscuits, BOPP &

Cardboard

Assumptions and limitations: Dataset for production of a Folding boxboard carton

haven't specific data on recycled cardboard. The Coating process has been
omitted due to the lack of specific information retrieved in the data collection. The
Printing process has been omitted due to the absence of suitable Ecoinvent

datasets.

Tab El4. PP-M LCI, PRODUCT 14- Savory biscuits, BOPP & Cardboard

TABLE E14 PRE-PROCESSING MANUFACTURING
. . Processing
Weight per Material Processing variations
D Description | Quantity = 100g of = Material i Processing (Original (available
product [g] (Ecoinvent Ecoinvent FR
dataset) dataset) ~datasets)
14 Savory Biscuit 1 17,85 / / / / /
! Variation
amount of
Folding Varnish
boxboard and Ink
carton 1
14.1 Cargggard 1 16,07 / Flat cut  production Electricity,
{RER}| medium
production | voltage
Cut-off, U {FR}|
market for
| Cut-off, U
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| Water,
cooling,
unspecified
Polypropyle Extrusion, natural
ne, plastic film origin, FR;
. granulate Extrusion of {RER}| 1
142 BOPP Foil 1 1,78 PP {RER}| plastic film extrusion, Electricity,
production | plastic film | medium
Cut-off, U Cut-off, U voltage
{FR}|
market for
| Cut-off, U

! REUSE - TABLE F14, PP-M LCI, — Savory biscuits — PP Bucket + Lid

Assumptions and limitations: Label material, printing processes and inks have
been omitted due to the lack of specific information retrieved in the data
collection

Tab F14. PP-M LCI, PRODUCT 14-r- Savory biscuits, PP Bucket + Lid

TABLE F14 PRE-PROCESSING MANUFACTURING
Weight Material Processing '?g’ﬁ:gg'r?sg
L. . per 100g . . .. !
ID | Description Quantity of product Material (Ecoinvent Processing E(C%rllng\;gﬁlt (av?:l:gble
[al dataset) dataset) datasets)
14-r | PET Cup 1 13,342 / / / / /
Injection
Polyproplylten n}(c);llj_lgl?lg
e, granulate S
141-r  Clip lid 1 2,771 PP {RER}| r';‘fjg%g market for /
production | injection
Cut-off, U moulding |
Cut-off, U
Injection
Polyproplylten n}%llj_lgﬂg
e, granulate —
142-r  Bucket 1 10,571 PP {RER}| r':]‘flflgl‘;" market for /
production | 9 injection
Cut-off, U moulding |
Cut-off, U
PRODUCT 15
! STATE OF ART & REUSE - TABLE E15, PP-M LCI, — Fromage Blanc — PP
Bucket + Lid

Assumptions and limitations: This product was not listed within the state of the art
analysis and was added during the preparation of this report. The environmental
impact analysis will be performed by comparing environmental impacts as the
number of cycles of use changes. Therefore, the table with the inventory data for
the state of the art and that for the reuse phases coincide. Label material, printing
processes and inks have been omitted due to the lack of specific information
retrieved in the data collection.

Tab EI15. PP-M LCI, PRODUCT 15 — Fromage Blanc — PP Bucket + Lid

TABLE E15 PRE-PROCESSING MANUFACTURING
Weight Material Processing Processing
- .. per 100g 3 ; - variations
ID Description Quantity of product Material (Ecoinvent Processing (Or_lglnal (available FR
[o] dataset) Ecoinvent  datasets)
dataset)
15~ Fromage 1 4,425 / / / / /
PR Funded by This project has received funding from the European Union’s Horizon Europe
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Injection
Polyﬁreopyle moulding
granuiate Injection (el
15.1 PP Bucket 2L 1 3,545 PP : market for /
{RER}| moulding injection
production | Idi
Cut-off, U T |
! Cut-off, U
Injection
Polyﬁreopyle moulding
152 Clip lid 1 0,88 pp  Granuiate imecton  {BON /
: p ' {RER}| moulding " C 0N
production | Idi
Cut-off, U LG L]
! Cut-off, U

PRODUCT 16
! STATE OF ART & REUSE - TABLE E16, PP-M LCI, — Syrup — Glass Bottle

Assumptions and limitations: This product was not listed within the state of the art
analysis and was added during the preparation of this report. The environmental
impact analysis will be performed by comparing environmental impacts as the
number of cycles of use changes. Therefore, the table with the inventory data for
the state of the art and that for the reuse phases coincide. Because there is no
dataset within the ecoinvent database describing the blow molding process for
glass, it was modeled considering the blow molding process used for plastics.
Label material, printing processes and inks have been omitted due to the lack of
specific information retrieved in the data collection.

Tab E16. PP-M LCI, PRODUCT 16 — Syrup — Glass Bottle

TABLE E16 PRE-PROCESSING MANUFACTURING
Weight Material Processing Processing
A . per 100g . . variations
ID | Description Quantity of product Material . Processing (Original (available
[g] (Ecoinvent Seeva TR datasets)
dataset) dataset)
16 Syrup 1 105,525 / / / / /
Blow
White Glass moulding
Circular {GLO}|
11 Glassbottle 105023 GLASS Footprint BOW — market for
Formula 9 blow
Dataset moulding |
Cut-off, U
Injection
moulding
C {GLO}|
162  Clip lid 1 0,502 = PEHD r':]‘flflgl?]“ market for /
9 injection
moulding |
Cut-off, U
PRODUCT 17
! STATE OF ART & REUSE - TABLE E17, PP-M LCI, — Mayonnaise — Glass
Jar + Lid

Assumptions and limitations: This product was not listed within the state of the art
analysis and was added during the preparation of this report. The environmental
impact analysis will be performed by comparing environmental impacts as the
number of cycles of use changes. Therefore, the table with the inventory data for
the state of the art and that for the reuse phases coincide. Because there is no
dataset within the ecoinvent database describing the blow moulding process for
dlass, it was modeled considering the blow moulding process used for plastics.
Label material, printing processes and inks have been omitted due to the lack of
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specific information retrieved in the data collection.

Tab EL7. PP-M LCI, PRODUCT 17 — Mayonnaise — Glass Jar + Lid

TABLE E17 PRE-PROCESSING MANUFACTURING
Material Processing Processing
Weight per o variations
ID Description Quantity 100g of  Material (Ecoinvent Processing (Original  (gyailable
product [g] dataset) EClYES FR
dataset)  gatasets)
17 Mayonnaise 1 99,498 / / / / /
Blow
White Glass moulding
Circular Blow {GLO}|
17.1 Glass Jar 1 96,234 GLASS Footprint Mouldin market for /
Formula 9 blow
Dataset moulding |
Cut-off, U
Tin plated
chromium -
steel sheet, 2 Sheet rc_)lllng,
. mm {RER}| tin chromium
Tin lated steel {RER}|
17.2 | Twist-off Lid 1 3,264 plated hp : Sheet rolling sheet rolling, /
steel chromium chromium
steel sheet steel | Cut-
production, 2 off. U
mm | Cut-off, !
u
PRODUCT 18
! STATE OF ART & REUSE - TABLE E18, PP-M LCI, — Olive Oil — Glass
bottle

Assumptions and limitations: This product was not listed within the state of the art
analysis and was added during the preparation of this report. The environmental
impact analysis will be performed by comparing environmental impacts as the
number of cycles of use changes. Therefore, the table with the inventory data for
the state of the art and that for the reuse phases coincide. Label material, printing
processes and inks have been omitted due to the lack of specific information
retrieved in the data collection.

Tab EI18. PP-M LCI, PRODUCT 18 — Olive Oil — Glass bottle

TABLE E18 PRE-PROCESSING MANUFACTURING
Weight Material Processing Processing
s - per 100g ] ] — variations
ID | Description Quantity of product Material (Ecoinvent Processing E(cooﬁlr?\lgﬁlt (available
[al dataset) dataset) FR datasets)
18 Olive oil 1 69,2 / / / / /
. Blow
\glglsts moulding
181 GlassBottle 1 64 olass Credar  Bow (N /
' Footprint = Moulding oy
Formula \di
Dataset moulding}
Cut-off, U
! Wat_e_r,
Aluminium Sheet LTS e T
: natural
alloy, rolling, origin. ER:
18.2 Clip lid 1 2 Aluminium AlMgs Sheet rolling aluminium 1 |5|g t icit
' {GLO}| {RER)|  'Electricity,
market for processing | _medium
| Cut-off, U Cut-off, U Voltage {FR}|
market for |
Cut-off, U
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PRODUCT 19
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Injection
Pol)éﬁreopyl moulding
C C {GLO}|
granulate Injection
PP {RERY  moulding "I‘Ere";fgr?’ /
production :
[ Cut-off, U moulding |
’ Cut-off, U

! STATE OF ART & REUSE - TABLE E19, PP-M LCI, — Brut Cyder — Glass

Bottle

Assumptions and limitations: This product was not listed within the state of the art

analysis and was added du
impact analysis will be per

ring the preparation of this report. The environmental
formed by comparing environmental impacts as the

number of cycles of use changes. Therefore, the table with the inventory data for
the state of the art and that for the reuse phases coincide. Because there is no
dataset within the ecoinvent database describing the blow molding process for
glass, it was modeled considering the blow molding process used for plastics.
Label material, printing processes and inks have been omitted due to the lack of
specific information retrieved in the data collection.

Tab E19. PP-M LCI, PRODUCT 19 — Brut Cyder — Glass Bottle

TABLE E19 PRE-PROCESSING MANUFACTURING
Weight Material Processing Processing
ID Description Quantity ogel‘orr%)?j?,l?:t Material . Processing (Original \(/:\;:ré%?:
[g] (Ecoinvent Ecoinvent FR datasets)
dataset) dataset)
19 | Brut Cyder 1 76,249 / / / / /
Blow
CICLET moulding
Green Cci;rlc?uslzr Blow (el
19.1 Glass Bottle 1 74,667 Glass Footprint Moulding matr)II(et for /
Formula ow
Dataset moulding |
Cut-off, U
Bark
Cork, raw {Europe
Cork {RoW} _ without
19.2 stopper 1 0,949 Cork cork Shaping Switzerland} /
forestry | | sawing,
Cut-off, U softwood |
Cut-off, U
Steel, low-
alloyed
{Europe
without Wire
Switzerlan drawing,
d and Wire steel {RER}|
19.3 Metallic Wire 1 0,633 Steel Austria}| Bl wire /
steel g drawing,
production steel | Cut-
, electric, off, U
low-
alloyed |
Cut-off, U
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PRODUCT 20
el STATE OF ART & REUSE - TABLE E19, PP-M LCI, — Lemonade — Glass
Bottle

Assumptions and limitations: This product was not listed within the state of the art
analysis and was added during the preparation of this report. The environmental
impact analysis will be performed by comparing environmental impacts as the
number of cycles of use changes. Therefore, the table with the inventory data for
the state of the art and that for the reuse phases coincide. Label material, printing
processes and inks have been omitted due to the lack of specific information
retrieved in the data collection. Information about the weight and manufacturing
processes for the stopper and of the metallic wire have not yet been provided.

Tab E20. PP-M LCI, PRODUCT 20 — Lemonade — Glass Bottle

TABLE E20 PRE-PROCESSING MANUFACTURING
. ; : Processing
o . pveyrellggtg . Material brocessin Processing variations
ID Description | Quantity Material = (available
of pEo]duct (Ecoinvent g (Original ER
g Ecoinvent
dataset) dataset) datasets)
20 Brut Cyder 1 77,667 / / / / /
White Blow
Glass moulding
Circular Blow {GLO}| market
20.1 Glass Bottle 1 74,667 GLASS Footprint Moulding for blow /
Formula moulding |
Dataset Cut-off, U
Plastic -
20.2 Stopper 1 1 Plastic / / / /
20.3| Metallic Wire 1 2 Metal / / / /
R Funded by This project has received funding from the European Union’s Horizon Europe
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The inventory data for the transport phase was derived from the modeling and
optimization work done by UniBo and presented within WP3.

It is important to emphasize how the transport optimization model defines the position
of the various nodes based on return rate and scrap rate data. As these two parameters
change, the distances to be considered between the different phases also change.
Consequently, the distance reported here was calculated considering a return rate of
70% and a scrap rate of 5%, which are closest to those indicated in WP3.4, namely a
64.6% return rate and a 5% scrap rate.

If case it will be necessary, a sensitivity analysis will be performed to include the
variation in distances as return and recovery rates change.

Tab 16. Transport data for Reuse

EAN_O1

EAN_O2

EAN_O3

EAN_04

EAN_O5

EAN_06

EAN_O8

EAN_09

EAN_10

EAN_11

EAN_12

EAN_13

EAN_14

EAN_15

EAN_16

prepared salad
and cut
vegetable
prepared salad
and cut
vegetable
prepared salad
and cut
vegetable
Fromage blanc
and fresh
cream 500 g
Fromage blanc
and fresh
cream 500 g
Fromage blanc
and fresh
cream 500 g
Peanut curl
MDD
U_3256225135
424
Bret's_349791
7003793
Mix
party_325622
5109531
Orange
Juice_325622
5036004
Biscuits Mini
GF
choco_325622
5130955
Fromage blanc
2
kg_31846700
01707
Sirup of
Mint_3265261
638813
Sirup of
grenadine_326
5261638820
mayonnaise_3
265470135271

LSDH 70% 5% 43 105 63 141 53
SODEBO = 70% 5% 43 490 63 141 53
FLOREALE 70% 5% 43 163 63 141 53
YOPLAIT = 70% 5% 168 273 63 161 50
SCHREIBER 70% 5% 168 515 63 161 50
EURAL  70% 5% 168 250 63 161 50
ALTHO  70% 5% 51 337 63 165 63
ALTHO  70% 5% 51 337 63 165 63
B 70% 5% 265 471 63 176 58
LSDH 70% 5% 412 131 63 14 49
aRDe | T0% 5% 265 168 63 176 58
RIANS 70% 5% 251 415 63 152 63
MONIN  70% 5% 28l 398 63 146 50
MONIN  70% 5% 28l 405 63 146 50
LESEUR  70% 5% 378 590 63 260 177
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Olive Qil

EAN_17 Puget 326547  LESIEUR = 70%

0135257
Brut
EAN_18 | cider_3013060 ECLOR
118711
Fruity
EAN_19 | cider_3013060 ECLOR
118629

70%

70%

EAN_21 Prepared FLORETTE = 70%

Salad

RECOVERY (RVM)

5%

5%

5%

5%

227

280

280

43

585

353

350

538

63

63

63

63
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260
157

157

141

Inventory data has been collected regarding the process of collecting reusable
containers in supermarkets. Specifically, data on energy consumption and the
composition of collection machines have been gathered.

The impacts will then be allocated to the Functional Unit.

Tab 17. Data collection on RVM

Process Amount

Energy
consumption

26

Machine weight 170
Composition >95% steel
Capacity 350/400

Frequency to
empty

WASHING (GLASS BOTTLES)

Unit of
measure

kWh/an
kg

pcs of
packaging

X month

Notes

Few plastics and
some electronics

Precise value
depends on

packaging size

So far, information has only been collected regarding the washing process for
products that use bottles as containers. At the time of writing this report, data

* X %

* 5 *x

collection is underway with partners to also describe other product types.
The inventory data will then be allocated to the Functional Unit.

Tab 18. Data of bottles washing process

Process

Water
consumption
Rinse water
consumption

Energy
consumption
Chemicals

x Funded by

0,25

0,25
0,007

Amount

Unit of

measure

I/bottle

I/bottle

kWh/bottle

kg/bottle
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END-OF-LIFE LCI

Regarding the LCI of the end-of-life phase, a dedicated waste scenario has been
defined for each material. Each waste scenario is composed of the different waste
treatments i.e. recycling, incineration and landfill. The percentage of wasted material
destined for each waste treatment was defined on the basis of data relating to waste
management in the French context; the sources are indicated in the “data source”
column (Tab.19). Furthermore, the table below shows the process with which each
waste treatment is modelled in Ecoinvent. The specific waste scenario for each
product consists of a single waste process if the product is mono-material, or of the
combination of two or more waste processes if the product is made up of
components in different materials; in the latter case, the percentages of material
destined for each waste process are defined on the basis of weight percentage of
each material on the packaging composition.

R Funded by This project has received funding from the European Union’s Horizon Europe
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Tab 19. END-OF-LIFE LCI

D6.2 72

>2 %@ ;02i4<i=+<Hh
2 g g2
e 5§ ¢ £ L8 St
X z & 5 2
2 2 2 I £3 Y S
E4 j = ;. e.; - g & "
- 2§ & : “ & Q N\
2 =
o | e e, O, MR 3%101) 6e)sCernaa |80 O(ENBHBDS( 1406 D/
: 5%,-(-5(%-0(& Tont o +E)G
5 6%, 2",)
3 KR (4, &, /O ()6, 2 ahad) | O - I, %, 2" HOK-/S(PFLID)-$(-O (&-}+05%, -
% 6 HH 5%,-(-$(H-0 (& 7{‘; O | CNRERE | O /3()0 /8 LT (SR HEG
W | Ot SO 2 ) 3 76}"/;;(;) oopang | Th-O%H TIOKASQFLD)S(-O@]+95%,-0
! 5%,-(-$(%-0 (& ot : 5, 1" OIK-/$(5) 8248 HENELD)F /- +EE0)G
6%, 2*,)
W | SR (R R, SO (SR, 1 B8 N s 670):5%,-()-$(t-O (&->1@ABD)S(" <" LADSTOND)
! 56,-(-$(4-0(&- 7’,‘; !(x) 670); (<" F/-+E)G
#
=
? (kg i 9® ke 61%,-1",) J%,-()*+1<(-P<1(&()- ($(*P-P%i%- ()?FLCD)
< 670 oo | R0 ‘5;&_’635;)_(1)%('&1_ SHSAED | 7/6in () | 67008 (UG | SO (B, - (HE(-P<(E(-(SCP-PHIE- ()
2 . 1911 O/ P& B (H-L+&)D)F /- HENG
ey e e e v 61%,-0",) 3%, -()*+<(-P<I(& - ($(*P-PHi%-()?FLCD)
W |0 ‘5;&_’632;)_3%('&1_ TEIHBAN ) | GTOMIBNEL | -S(H-O(BHISH, -(FHE(-PIEQ-(S(P-PHS- ()
. 1911 HGLHSSENELD)F/ - HEE)G
po | ST - SO (S, 1, PR SHARA) f}ﬁ+i(ﬁ)) 66): (g | FOFSH-(SCHO(EBABIORC < R4 EGIF/ -
! 5h,-()-$(%-0 (& ons ; +H)G
5 6%, 2",)
§ G (%4, &, /O (T, -1 )% 3Wdid) s I, -+ (& PFLED)S(H-O (8 )+ES)
< -, e M . '
Z 66 HH 5%,-(-$(%-0 (& 7/%*, !(“) BEJETR(SH2re O/ P& B (H-L+&)DJF /- HENG
6%, 2",)
" )%+, - +&, /O (S I, 1* )% 3%4184) M T, - ()*+HH§+*<I (& (PFLED)-§ (-0 (&-) ), %&1-4$<)
!M 5%,-()-S(%-O (& 7/! Z*, !(x) BEENEL HENELLD)F/- +EE0)G
61%,-2".)
W | R (- R, SO (S 1) 348 N . 6QF)5%, -5 (-0 (&-)?BABIDJS (" <* L84+E)6QF)D)
< ! S%,-(-S(%-0 (& 7/12", !(x) 6QF); ('<'i4 F/- 450G
g% G (et -+, SO b, 1 i i) | O L . Jh,-(P+<RI&<"PLHSIN(PFLID)-$(%-O (&-)+E)
f g 6QF HH 56%,-(-5(k-0 (8- 7/! Z"' !(x) OORI&" 8 (824 /81" )& 18.(S%-1+&)D)F /- +EEYG
6%, 2",)
& (%4, &, /O (T, -1 )% 3%d18) N ) Jh,-(P+H<RI&<1"PLHSIN(PFLID)-$(%-O (&)
W 5,-()-S(%-O (& 7/! t;- !(x) BQPAHENELL HELHSYSENELD)F/ - HEE)G
6%, 2,)
W | MR QR R, SO (S I 48 d) N o 65-5%, -(-$(h-O (&P @ABID)S (" <" 184)+E)6S)D)F /-
' 4,056 OC2- 7/}; !(x) 765); (*<" 084 Jrims
5 6%, 2",)
g IR (*+,-."+&, /O (S, 1", )< 3d18d) o T, - O (K=UEN(N)*+1<, ~<8(&(PFLLD)-$(%-O (&-)+E)
3 -4, 2 N . : :
3 76 HH 5%,-(-$(%-0 (& 7’}; !(x) TES)&" I8 (S O/&0" P& B (H-L+&)D)F/- HEENG
6l%,-2".)
BT =+ ,-."+8, /O (1%, 1" )" 344i8d) N ) 3,-(*+1<,-<SROIFLOD)-SC-O (459 4489 | |
!M 56,-(-$(4-0 (& 7/,?, ,(x) TOSPRENELL ENEL)D)F/-.+EE5)G N, -, 49065
- K& (/*+,-." 48, /O (SHL/ 018/ O) . NF EIE;)(B) :1/O/O) | /O OF5H,-()-$(%-O (&-P@ABID)S("<" 184)+5)
§ " 3%408.4)5%, - (-5 (%-O (& o C<nga %/0%1/O)D)F/- +EE8)G
& 191
S| :wvowvo
2 W/&27%%) 3%, - ()
- | - ’ ¥ 9% -O%- ) k|
- He 58" QWS J)-S(H-O (& o f;\’lu“ vy W A’l)’HZTE;’%%O_z)bc)?,cfwﬁ?)gw)w&z T
! [UY)MkaNE! ' k :
:
<
< |-vomonsss|  veo 518" QWS I)-S(H-O (& 4 f;\'/b%_g W82 ) 3%, W82 PH), +IN)S, - (P45 CD)F /- +EE9)G
g 1
. . . F-(+) e
. & (%4, /O () HNT +ESN) e e | B (5H, -(-8(h-O (&) 1BABIDIS (" <" L&A (3)
i ! i 34484)5%, - S (H-O (& 'Nl(glls(ﬂ) B(S); (<84 D)F/- +EE)G
& 191
fé FHSNT +HSN
i . 75+, %3 - I, (5~ (S]HHN# (D) OB (5%,
w #8H8" QWS I)S(HO (& vy | w3, It

x Funded by

M the European Union

This project has received funding from the European Union’s Horizon Europe
Research and Innovation programme under Grant Agreement No 101060806. This
document reflects the views of the author(s) and does not necessarily reflect the
views or policy of the European Commission. Whilst efforts have been made to
ensure the accuracy and completeness of this document, the European Commission

shall not be liable for any errors or omissions, however caused.!



*

*

* X %

* 5 K

D6.2 73

MATERIALS RECOVERY MODELLING CHOICES: CFF APPLICATION

In order to calculate credits and impacts connected to recycling and energy recovery
in the PEF Method, the use of the Circular Footprint Formula (CFF) is prescribed’. CFF
is composed of three parts corresponding, respectively, to material, energy and
disposal (Fig. 9).

Life Cycle Inventory LCI associated to LCI of the material recycling (or
(LCI) of primary material secondary material input part/product reuse) process minus
the credit for avoided primary material

Material \

0 N
= (1-RyEy|[HR, x (AE,,,W,,_,,, +(1— A)Ey x #)
P

o)

H (1 —A)Rz X (Erecyclingﬁol. - E;/ X QP

Energy
+|(1 = B)Rs x (Esn — LHV X Xemnea X Essineas = LHV X Xgn e  Esseec)|

+|{(1—R; —R;3) X Ep

\

LCI of the disposal LCI of the energy recovery process minus
of remaining waste the credit for avoided primary energy

Figure 9: Circular Footprint Formula (CFF)

The CFF allows the connection with subsequent and preceding life cycles via debiting
(Fig. 10, Ieth) and crediting (Fig. 10, right) which in the cut-off approach, are not
considered®.

Figure 10: CFF debiting (left) and crediting (right)

7 Zampori, L. and Pant, R., Suggestions for updating the Product Environmental Footprint (PEF) method, EUR 29682 EN,
Publications Office of the European Union, Luxembourg, 2019, ISBN 978-92-76- 00654-1, d0i:10.2760/424613, JRC11595. ! 4.4.8.1
The Circular Footprint Formula (CFF)

8 Wolf, M. A,, The Circular Footprint Formula (CFF) and its practical application training. Environmental Footprint (EF) transition

phase, 2019. Webinar available in: https://ec.europa.eu/environment/eussd/videos/2019-10-
08%2016.01%20The%20Circular%20Footprint%20Formula.mp4
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Circular Footprint Formula will be implemented in the following deliverable thanks to
the recent release of the new EF 3.1 database® containing the needed datasets for
the calculation in SimaPro.

This deliverable compiles a list of datasets and parameters that will be implemented
in the formula. The selected datasets come from the ecoinvent Cut-Off database,
ensuring compliance with the current restrictions on publishing EF dataset assessment
results.!

The list of parameters has been divided in two macro-groups: the first one is related
to the materials and the second to the end-of-life treatments.

For materials whose recycled content is known, relevant parameters were collected
to describe the benefits given by their use. For all other materials, not knowing their
composition and not being able to refer to national average values, following PEF
guidance, they were considered to be composed of 100 percent virgin material, thus
collapsing the first section of the formula.

Tab 20. 1" #$%% = () @4+ = %) (&%

MATERIAL PARAMETER

End of life parameters for all materials were collected and modeled in order to
implement the CFF. Parameters R2, R3 and D ( given by 1-R2-R3) where derived from

* X %

* x *x

9 Environmental Footprint database 3.1: https://simapro.com/products/environmental-footprint-database/
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the research on EoL paragraph.

Tab 21 1" 0% = (4. 8701423 318424 (** (]
MATERIAL PROCESS PARAMETER SOURCE

PET Recycle

PET Disposal

PET Energy Recovery

ALUMINIUM FOIL
Recycle

ALUMINIUM FOIL
Disposal

ALUMINIUM FOIL
Energy Recovery

PP Recycle

PP Disposal

PP Energy Recovery

PR Funded by This project has received funding from the European Union’s Horizon Europe
* . Research and Innovation programme under Grant Agreement No 101060806. This
s the EUI"Opean Union document reflects the views of the author(s) and does not necessarily reflect the

*
* p K
ol views or policy of the European Commission. Whilst efforts have been made to

ensure the accuracy and completeness of this document, the European Commission
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MATERIAL

* X %

*
* x *x

* 4

PARAMETER

PVC Recycle

PVC Disposal

Waste polyvinylchloride {CH} | treatment of, municipal
neration | Cut-off,U

PVC Energy Recovery

EPS Recycle

EPS Disposal

EPS Energy Recovery

LDPE Recycle

LDPE Disposal

LDPE Energy Recovery
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MATERIAL

PA Recycle

PADisposal

PA Energy Recovery

HDPE Recycle

HDPE Disposal

HDPE Energy Recovery

RPET Recycle

RPET Disposal

RPET Energy Recovery

***** Funded by
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MATERIAL|

* X %

* x *x

*

* %

PROCESS I PARAMETER

CARDBOARD Recycle

CARDBOARD Disposal

CARDBOARD Energy
Recovery

COLOURLESS GLASS
Recycle

COLOURLESS GLASS
Disposal

COLOURLESS GLASS
Energy Recovery

GREEN GLASS Recycle

GREEN GLASS Disposal

GREEN GLASS Energy
Recovery
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PRODUCT 02-s — Prepared Salad, Cardboard Tray

* X %
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*
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PRODUCT 03-s — Sour cream, Paper Cup

* X %
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PRODUCT 04-s — Greek yoghurt, paper cup
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PRODUCT 05-s — Pork chop, CelluloseTray
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PRODUCT 06-s — Florrette Mache, Paper/PE bag,

* X %
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PRODUCT 07-s — Butter, Aluminium & Paper film
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PRODUCT 08-s — Grated cheese,Paper bag
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PRODUCT 09-s — Peanut curl, Paper & PP bag
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PRODUCT 10-s — Savory biscuits, Paper & PP bag & Cardboard box

* X %
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4.2.!  Annex Il: Data collection reuse
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