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General Limitations and Reliance

This report has been prepared by Ramboll Italy ("Ramboll”) exclusively for the intended use by
the client FEFCO - European Federation of corrugated board Manufacturers in accordance with
the agreement (proposal reference number 330002550, dated 22" April 2021 between Ramboll
and the client defining, among others, the purpose, the scope and the terms and conditions for
the services. No other warranty, expressed or implied, is made as to the professional advice
included in this report or in respect of any matters outside the agreed scope of the services or the
purpose for which the report and the associated agreed scope were intended or any other
services provided by Ramboll.

In preparation of the report and performance of any other services, Ramboll has relied upon
publicly available information, information provided by the client and information provided by
third parties. Accordingly, the conclusions in this report are valid only to the extent that the
information provided to Ramboll was accurate, complete, and available to Ramboll within the
reporting schedule.

The study must be considered valid within the set of assumed specific conditions and hypotheses,
it is a tailor-made and case-specific ISO-compliant comparative assertion (this is in contrast to
more standardized approaches such as EPDs and PEFs). In order to decrease the likelihood of
misunderstandings or negative effects on external interested parties, ISO 14044 requires
disclosure of results only by publishing the full study and the final review statement. No selection
or extraction of partial results, phrases, statements, conclusions is allowed.

Any FEFCO external communication document related to this study (e.g., press releases,
publication social media publications) should never include Ramboll profile; should never include
statements that are perceived as “Ramboll study says that”, when these are partially extracted
from this report.
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EXECUTIVE SUMMARY

Ramboll has been appointed by the European Federation of corrugated Board Manufacturers
(FEFCO or the Client) as technical consultant for conducting a peer reviewed comparative Life
Cycle Assessment (LCA) study for B2B transport packaging solutions for the food segment—a
recyclable corrugated solution and a reusable plastic crate—in accordance with ISO standards
14040 and 14044. This is conducted as a basis for discussion with authority representatives on
the current legal developments within the European Union regarding circular economy and waste
prevention.

The functional unit was the provision of delivery, containment, and display for 1 ton of
vegetables (fresh product) by means of functionally equivalent transport containers
(either single-use corrugated board boxes, or multiple-use plastic crates) over a
transport distance of 840 km from producer to retailer in the EU in a manner that
maintains the safety of the produce and that is consistent with established commercial
supply chains.

A systems perspective is used to reflect both systems and compare equal functions of single-use
and multiple-use product items. The LCA is performed according to relevant ISO standards 14040
and 14044 and discusses the impacts on a set of fourteen environmental impact categories. The
generic exclusion of potentially relevant impact categories for both systems is an unavoidable
limitation of this study which needs to be taken into account when interpreting overall results and
making decisions in this regard.

For the comparative assessment, two fundamentally distinct systems are taken into
consideration:
e Corrugated box (single-use system) made of 53% Kraftliner and 47% Semi-chemical
(fluting);
e Plastic crate (multiple-use system) made of a mixture of two polymers (58% high density
polyethylene and 42% polypropylene) formed through injection moulding.
The selected specific scenario is deemed representative for the (non-refrigerated) shipping of
generic fruits and vegetables by average means of transport (i.e. truck) and by considering one of
the most preferred routes in Europe in terms of volume of transported goods (based on recent
statistical data). To the extent possible, hygiene standards and parameters for the specific goods
are acknowledged.

The geographical scope of the baseline comparison is Europe (EU-27+UK). This geographical
boundary is reflected in the assumptions around the systems (e.g. recycling rates) and
background datasets (e.g. electricity from grid) as inventory data.

For the baseline scenarios the following key assumptions have been made:

Single-use system:

e Corrugated board products manufacturing refers to the respective geographical context of
the paper mill or manufacturer from FEFCO (European Database for Corrugated
Board Life Cycle Studies, 2018);

e Corrugated products are made of primary and recycled fibers;

e Loading capacity: 15 kg;

e Filling rate: 70%;

e End-of-life (paper products): Recycling rate 82,9%, rest incineration with energy
recovery.
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For modeling environmental burdens of the recycling process, data present in the FEFCO
LCI database is adapted considering information presented in the “Best Available
Techniques (BAT) Reference Document for the Production of Pulp, Paper and Board” (Suhr
et al., 2015). This data was compiled by RISE on behalf of CEPI and FEFCO during 2021
as part of a specific project and a pre-publication version of the results was provided for
use in this assignment. The data has been checked by a major producer of recycled
corrugated case materials, considering operating experiences.

Multiple-use system:
e Plastic manufacturing in Europe;
e Loading capacity: 15 kg;
e Filling rate: 70%;
e Average reuse: 24 rotations;
e Average breakage rate: 2.5%
e Distance from distribution center to service center (washing and sanitizing): 165 km
e End-of-life (Plastic products): Recycling rate 41,8%, rest incineration with energy
recovery.
The aggregated total impacts of the baseline systems are summarised in the following table.

Life cycle impact assessment results of the baseline comparison of the single-use and multiple-use systems.

EF Impact category Avoided burdens (baseline)

Single use Multiple use
EF Acidification [Mole of H+ eq.] 0,14 0,10
EF Climate Change, total [kg CO2 eq.] 34,70 47,94
EF Climate Change, biogenic [kg CO2 eq.] -0,25 0,12
EF Climate Change, fossil [kg CO2 eq.] 34,76 45,76
EF Climate Change, land use and land use 0,18 1,98
change [kg CO2 eq.]
EF Ecotoxicity, freshwater [CTUe] 3,62 16,99
EF Eutrophication, freshwater [kg P eq.] -1,83E-02 1,35E-03
EF Eutrophication, marine [kg N eq.] 0,11 0,05
EF Eutrophication, terrestrial [Mole of N eq.] 0,97 0,39
EF Human toxicity, cancer [CTUh] -3,39E-07 3,13E-07
EF Human toxicity, non-cancer [CTUh] -5,83E-07 1,66E-06
EF Ionising radiation, human health [kBq U235 | -7,03 0,68
eq.]
EF Ozone depletion [kg CFC-11 eq.] -2,16E-06 1,72E-07
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EF Particulate matter [Disease incidences] 3,04E-06 8,00E-07
EF Photochemical ozone formation - human 0,32 0,09
health [kg NMVOC eq.]

EF Resource use, fossils [M]] 238,37 476,23
EF Resource use, mineral and metals [kg Sb -1,14E-04 4,15E-05
eq.]

EF Water use [m3 world equiv.] -13,20 10,83

The following overarching conclusions can be drawn from the comparative assessment for the

baseline scenario:

e single-use system shows benefits for the following impact categories: Climate change,

total; Ecotoxicity, freshwater; Eutrophication, freshwater; Human toxicity, cancer; Human
toxicity, non-cancer; Ionizing radiation, human health; Ozone depletion; Resource use,

fossils; Resource use, mineral and metals; and Water use;
e multiple-use system shows benefits for the following impact categories: Acidification;
Eutrophication, marine; Eutrophication, terrestrial; Particulate matter; Photochemical

ozone formation - human health.

e The Break-even analysis highlights that for a number of RPC rotations lower than the

break-even point (~63 rotations), the single-use system has lower environmental impacts

in the category Climate Change, total impact category.

To test decisive assumptions in the respective systems, several sensitivity scenarios are analysed,

details of the investigated parameters are summarized in the following table. Note: only one
parameter (or assumption) is changed per system.
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Sensitivity scenario

System
affected

Value in the baseline Variation

transport for MU (-25%)

EoL allocation - 0:100 approach (cut-|SU / MU Avoided burden Cut-off

off)

EoL allocation - 50:50 approach SU / MU Avoided burden Approach 50:50

EoL allocation - Avoided emissions [SU Pulp products as Pulp products as

(78% chemical, 22% mechanical) avoided emissions: avoided emissions:
53% sulphate pulp, 78% sulphate pulp,
47% mechanical pulps [22% mechanical pulps
(TMP, CTMP, stone (TMP, CTMP, stone
groundwood) groundwood)

EoL allocation - Avoided emissions |SU Pulp products as Pulp products as wet

(wet pumpable pulp) market dry pulp pulp (1000 kWh is

required to dry off the
water)

Energy mix - EU28 SuU/ MU Residual Energy grid |[Energy grid mix EU28
mix EU-28

Energy mix - Future scenario EU-28 (SU / MU Residual Energy grid |Future scenario grid

(2030) mix EU-28 mix EU-28 (2030)

Energy mix - Green electricity grid |SU/ MU Residual Energy grid |Green electricity grid

mix mix EU-28 mix

EoL treatment - Wastepaper reycling |SU Wastepaper recycling |Wastepaper recycling

(secondary data) via FEFCQO's LCI re- via Ecoinvent dataset
work (Appendix 1)

EoL treatment - Recycling 70% both |SU / MU Recycling shares, SU: [Recycling shares, SU:

systems 82,9%; MU: 41,8% 70%%; MU: 70%%

Manufacturing - Recycled content MU Recycled content RPC: |Recycled content RPC:

(rec40%) 10% 40%

Breakage rate - BR_0,5% MU Breackage rate: 2,5% |Breackage rate: 0,5%

Breakage rate - BR_5% MU Breackage rate: 2,5% [Breackage rate: 5%

Washing - optimized detergents MU Detergent composition |Detergent composition
as database set following Tua et al.

(2019)

Washing - Min demand MU Washing demand: Washing demand:
0,0374 kWh 0,0274 kWh
electricity, 0,3011 liter |electricity, 0,0958 liter
water, 0,0044 kg water, 0,0017 kg
detergents detergents

Transport - Transport -50% (both SuU/ MU Transport distances as |Transport distances of

systems) Appendix 2 Appendix 2 decreased

by 50%
Transport - Transport +50% (both SuU/ MU Transport distances as |Transport distances of
systems) Appendix 2 Appendix 2 increased
by 50%
Transport - Less challenging MU Transport distances as |Transport distances of

Appendix 2

Appendix 2 (only for
MU) decreased by 25%

Under consideration of identified uncertainties and sensitivities of impact results, the following
overarching conclusions can be drawn from the comparative assessment:

e For Climate change, total, Ecotoxicity, freshwater, Human toxicity, cancer, Human
toxicity, non-cancer, Ozone depletion, Ionizing radiation, human health, Resource use,
fossil, Resource use, mineral and metals and Water use, the single-use system shows
benefits considering the comparison throughout most of the sensitivity analyses.

e In cases allocating 70% recycling end of life for both systems, the environmental benefits

for the single-use system become even higher. Different EoL allocations (e.g. avoided
emissions with wet pumpable pulp) can reduce the delta between the systems, and

reduce the benefits in many impact categories. This is due to the assumptions that further

energy demand is required to dry off the water from the market dry pulp products
allocated at the point of substitution (i.e. 1000 kWh of energy demand).
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e In the cut-off scenario, in all categories excluding Human toxicity, cancer and Ozone
depletion no environmental benefits are highlighted. However, this scenario is considered
in this study only for comparison purposes, since the Avoided burdens approach is the
recommended one by ISO 14044:2006 and ISO 14044:2020, and in general this method
gives incentives to develop recyclable products and to recycle them after use!.

e For Acidification, Eutrophication, marine, Eutrophication, terrestrial, Particulate matter and
Photochemical ozone formation - human health, the single-use system shows no benefits
in all of the sensitivity analyses.

e By considering a conservative recycling process, the delta between the two systems is
reduced, by lowering the benefit of the single-use system. This is due to the higher
energy demand accounted in the process via secondary dataset (whose inputs are
however older than 10 years).

e In general, by changing assumptions on the electricity grid mix, no sensible variation on
the results can be drawn. This is due to the low dependency of unit processes to this
parameter. Specifically, it should be noted that as manufacturing processes are
implemented in the model as aggregated datasets, energy grid mix variation influence
only the recycling process in the single-use system and the washing stage in the multiple-
use system. However, both unit processes occur each cycle/rotation, and it could be
considered a symmetrical situation.

e In the single-use system, avoided emissions of pulp products have a great influence on
the results (with consequent credits in the overall aggregated results). This is mainly due
to avoided impacts of mechanical pulp products, such as CTMP, TMP and stone
groundwood processes.

e The Resource use, fossil impact category in the Cut-off approach deserves further
explanation. The findings of this study suggest that the single-use system shows no
benefits in this scenario. However, this depends to the energy mix used for wastepaper
recycling (one of the main contributors to the impacts), which is related to fossil energy
sources (e.g., heavy fuel oil, light fuel oil, diesel, coal). This energy mix is used in situ at
recycling facilities for generating energy. Certainly, a different energy mix with a greater
contribution from renewable sources and a lower presence of fossil fuel, could produce
different results, with beneficial effects on the Resource use, fossil category for the single-
use system. This aspect was investigated by many authors.

¢ Although studies in literature have based their models and assumptions on secondary
data for the life cycle of multiple-use plastic crates (as in this study), a potential step
forward would be collecting primary data at industry level. This might be relevant in
future works.

e The implementation of water assessment via Water use impact category in the
Environmental Footprint (EF) methodology is subject to some limitations, as explained in
Sphera documentation (last documentation, year 2018)2. As sources of uncertainties still
remain in the application of the “available water remaining” (AWaRe) methodology in the
EF Water use impact category in GaBi software, results in this impact category of this
study could be therefore used as potential uncertain. This can be seen as a limitation in

! See: (Eberhardt et al., 2020)

2 Source: https://gabi.sphera.com/fileadmin/Documents/Introduction to Water Assessment V2.2 03.pdf
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this study. These results are shown in this study for the sake of completeness. Further
analysis is strongly envisaged in future studies.

This comparative LCA has been conducted in accordance with ISO standards 14040 and 14044,
however an assessment of the most relevant EF categories using as a reference “Impact
categories cumulatively contributing at least 80% of the total environmental impact (excluding
toxicity related impact categories)” has been performed according to the Product Environmental
Footprint Category Rules Guidance (version 6.3):
e SU system: the most relevant impact categories are Climate Change, total,
Eutrophication, freshwater, Eutrophication, terrestrial, Particulate matter, Photochemical
ozone formation, human health and Resource use, fossils. These categories have a
cumulative contribution of 80.1% of the total impact, based on the normalized and
weighted results, and excluding the toxicity related impacts,
¢ MU system: the most relevant impact categories are Climate Change, total, Particulate
matter and Resource use, fossils. These categories have a cumulative contribution of
80.3% of the total impact, based on the normalized and weighted results, and excluding
the toxicity related impacts.

In conclusion, total impacts as well as the comparison between the single and the multiple-use
systems are strongly dependent on underlying assumptions with regard to the EoL allocation
method. In general, LCA results of comparative analysis are influenced by uncertain data on the
waste management (e.g. wastepaper recycling) and the avoided virgin materials production,
whose consideration can affect the findings of a LCA (Ekvall et al., 2020).

External review
This executive summary is based on an ISO-compliant full LCA report that was subject to a third-
party review.
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INTRODUCTION

Ramboll has been appointed by the European Federation of corrugated Board Manufacturers
(FEFCO or the Client) as technical consultant for conducting a peer reviewed comparative Life
Cycle Assessment (LCA) study for B2B transport packaging solutions for the food segment—a
recyclable corrugated solution and a reusable plastic crate—in accordance with ISO standards
14040 and 14044. This is conducted as a basis for discussion with authority representatives on
the current legal developments within the European Union regarding circular economy and waste
prevention.

To meet client expectation, Ramboll performed the activities that are summarized in the following
sections of the report:

e Context and Rationale of the study;

e Description of the used methodological approach;

e Literature and Data Screening;

e Description of the performed Comparative Life Cycle Assessment;
e Conclusions and recommendations;

e  Critical Review.

1.1 Context and rationale for study

With the review of the Packaging and Packaging Waste Directive (Directive 94/62/EC of 20
December 1994), the Commission is planning to present specific prevention measures that might
set requirements for single-use packaging like corrugated board. Yet, recyclable and recycled
corrugated board packaging originating from a renewable source generally meets the aspiration of
the EU Green Deal and the Circular Economy Action Plan ambitions. By means of scientific
assessment methods, new evidence (facts and figures) is gathered on the situation of corrugated
board packaging.

It is understood that this assessment is embedded in an ongoing debate around the
environmental performance of single-use and multiple-use products or systems. Consequently,
there is already a mature body of knowledge concerning several products and applications within
the two domains. Next, taking into account previous findings, this study seeks to adopt a holistic
perspective on the comparison of single-use (SU) and multiple-use (MU) systems in a specific
context.

For the goal and scope of this assessment as well as subsequent interpretation of results it is
important to bear in mind that corrugated board production and recycling of fibers into further
product life cycles are integral parts of a continuous (global) paper life cycle system (see Figure
1).
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Mechanical
pulping

Figure 1: Simplified representation of the (global) paper system (own figure based on van Ewijk, Stegemann and
Ekins (2021))

Consequently, disentangling respective processes, applications/uses, and life cycle stages poses
several methodological challenges, mostly with regards to allocation of environmental burdens
and credits between subsequent life cycles. Therefore, it is an important complementary goal of
this study to elaborate and interpret such allocation issues in detail and to investigate the effect of
methodological choices on the overall comparison. In conclusion, it is important to acknowledge
that a model is always a simplified representation of the reality.

1.2 Methodological Approach

Currently, LCA provides the best and most mature framework for assessing the potential
environmental impacts of products and services according to the European Commission (European
Commission, 2019). One of the most frequent applications of LCA studies is the comparison of
specific goods or services (European Commission - Joint Research Centre - Institute for
Environment and Sustainability, 2010). Several results of life-cycle based assessments are
already being used in relation to certain EU policies (e.g. Ecolabel Regulation, Green Product
Procurement, Ecodesign Directive). Given the method’s standardized framework, maturity and
methodological adaptation to policy needs, the consideration of LCA studies in policymaking is
expected to increase (European Commission, 2017). A very prominent example of the use of LCA
in EU policies and impact assessment is the justification of possible changes in the waste
hierarchy due to environmental concerns (European Commission, 2017). Given the previously
outlined context and rationale for this study, it is important to acknowledge LCA as an iterative
and continuous learning process rather than a mere calculation tool. As such, the modelling
choices should be tailor-made to facilitate an efficient learning process and generate as much
knowledge as possible about the specific case (Ekvall et al., 2020).

1.2.1 Life Cycle Assessment for policy purposes and external communication

This LCA may be applied to a pre-policy situation and as such it seeks to generate part of the
basis for potential policy decisions. Depending on the specific context and use of the LCA,
different approaches to modelling might be appropriate (e.g. modelling choices regarding
recycling). Most importantly, methodological decision are transparently documented and
explained as to facilitate a dialogue with various policymakers and stakeholders. Therefore,
different modelling choices and assumptions are adopted, as general recommendations cannot be
made. This LCA study applies several different modelling choices in parallel so as to communicate
and interpret the sensitivity of the results and comparison with regard to e.g. different applicable
allocation procedures.

When using this LCA for external communication purposes it is crucial to acknowledge and
highlight that it is a tailor-made and case-specific ISO-compliant comparative assertion (this is in
contrast to more standardized approaches such as EPDs and PEFs). As a consequence, results
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from this study are not directly comparable with other sources and results (as would be the case
if this study would adhere to more standardized approaches) but need further interpretation and
discussion. Lastly, this technical report aims to present results in a disaggregated (as far as
possible) and transparent manner as to allow the audience to interpret the study and adjust the
modelling choices individually.

1.2.2 Literature and Database Screening

A focused literature and database research aims at identifying relevant products or processes in
order to provide data and information on the specific systems. Potential problems in carrying out
LCA analysis (e.g. data gaps) as well as adopted modeling approaches and methods (e.g. EoL
allocation methods) are identified. Literature studies are selected based on previous knowledge
and by searching specific terms (e.g. LCA, Life cycle Assessment, environmental impact, carbon
footprint, comparison, recycling, plastic, waste management, packaging, end-of-life options,
environmental sustainability).

The following further criteria or boundaries of the study have been applied:

e studies publicly available or provided by the FEFCO steering board;
e comparative assertion;
e studies based on the LCA methodology or adopting a life cycle perspective.

1.2.3 Life Cycle Assessment

For the quantitative assessment of relevant systems from an ecological point of view, the
methodology of Life Cycle Assessment (LCA) is suitable (in accordance with relevant ISO
standards 14040 and 14044). The general methodology for LCA aims to assess identified and
generated Life Cycle Inventories (LCIs), consisting of quantified elementary flows referring to the
functional unit, in relation to their potential impact on the natural environment, human health,
and issues related to natural resource use (European Commission - Joint Research Centre -
Institute for Environment and Sustainability, 2010).

LCA is a well-established four-step methodology. These steps are iterative and involve the
following tasks (Guinée et al., 2001):

1) Goal and scope definition: object and aim of the study are described, as well as system
boundaries, functional unit and data sources; impact categories, indicators and
characterization models are selected.

2) Inventory analysis: this phase collects and quantifies data-based processes of inputs (e.g.
fuel demand, energy demand, raw materials weights, air emissions, waste weights) in the
whole life cycle of a system or product - as defined in step 1.

3) Impact assessment: inventory analysis results are assigned to the selected impact
categories by means of established, scientific impact assessment methods; category
indicator results are then calculated; the results can be evaluated by varying relevant
parameter within a sensitivity analysis.

4) Interpretation: this phase analyses and interprets the results of the impact assessment,
tries to highlight uncertainties and paths for improvement of the system.

1.2.3.1 Modelling

The LCA model for this study is developed with GaBi Professional software? using background data
primarily from the associated GaBi Professional database (version 2021.2), Ecoinvent* (version
3.7.1), European Database for Corrugated Board Life Cycle Studies®, and available public or

> http://www.gabi-software.com
4 https://www.ecoinvent.org

5 https://www.fefco.org/Ica
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commercial extension databases (e.g. LCI datasets from the PEF pilot). In addition, primary data
about paperboard recycling process have been collected through FEFCO members. It should be
noted that decimal units in this study are given with comma.

LITERATURE AND DATA SCREENING

2.1 Summary of findings from literature screening
A desk-based literature screening was performed. The following findings are gathered:

e Analyzed papers most often compare cardboard boxes, reusable plastic crates and
sometimes wooden boxes;

e All the publications reported are based on the commonly accepted LCA methodology.
Therefore, they always consider impacts due to material extraction and manufacturing.
Moreover, all the publications consider impacts related to reverse logistics and washing
processes for the reusable plastic containers;

e In the majority of the analyzed studies, reusable plastic containers (RPCs) showed lower
environmental impacts in most of the assessed categories. This overarching tendency is
based on the following findings:

(¢]

Main relative contribution to environmental impacts for CB-based system are
associated with manufacturing phase, due to the inherently greater mass volume
of the packages required per declared functional unit, while a lower number of
RPCs are needed due to the characteristic reuse of single items (Levi et al.,
2011a; Albrecht et al., 2013; Accorsi et al., 2014; Abejon et al., 2020a)

RPCs can be reused several times which could reduce the impacts of the
production phase per use cycle (Fraunhofer Institute for Building Physics IBP,
2018; Del Borghi et al., 2021).

One study suggested that virgin polypropylene boxes could have lower GWP
impacts after 100 reuse cycles (Levi et al., 2011a) than corrugated cardboard
boxes. However, many studies have assumed lower reuse cycles as more realistic
(e.g. 50 cycles) and have extended their analysis up to a maximum of 100 reuse
cycles (Capuz-Rizo et al., 2005; Albrecht et al., 2013; Fraunhofer Institute for
Building Physics IBP, 2018; Zimmermann and Bliklen, 2020; Del Borghi et al.,
2021; Lo-Iacono-ferreira et al., 2021)8.

Other potentially relevant findings have been highlighted, such as:

o

The assumed number of recycling loops one paper fiber can undergo ranges from
3 (Abejon et al., 2020b) to 25 (Putz and Schabel, 2018) in the screened studies;
Transportation has potentially a great influence on the results: CBs could present
less environmental impacts (in terms of GWP) than RPCs if the one-way transport
distance (excluding return logistics) is greater than 600 km (Levi et al., 2011b).
This possibility is supported in another study (Levi, Vezzoli and Cortesi, 2008)
where CBs show better performances with respect to RPCs, when longer distances
are considered. It is further postulated that the assumed transport distance is a
critical parameter in evaluating the potential environmental impacts of the
respective packaging solutions and it is further found that cardboard containers
are preferred for longer distances (Lo-Iacono-ferreira et al., 2021).

Some studies reported that CBs have lower environmental impacts in different
categories with respect to RPCs (Koskela et al., 2014; Thorbecke et al., 2019);
based on US geographical context CBs are associated with lower impacts for e.g.
global warming, non-renewable energy use (Thorbecke et al., 2019);

6 ARECO (Association of Logistical Operators of Reusable Elements Ecosostenibles) in Spain reports a maximum reuse rate of 100 cycles for plastic

crates (source: https:

areco.org.es/en/sustainability/)
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o One source suggested that protection systems for perishable products have not
been considered due to lack of data, but they might “potentially push the
advantage in one direction or the other if a significant difference exists”
(Thorbecke et al., 2019).

These selected studies, their implications, assumptions and criteria set the context of this study
and are used as a source of information and data, as reported along the text.

COMPARATIVE LIFE CYCLE ASSESSMENT

3.1 Goal and Scope

3.1.1 Goal of the assessment and intended audience
Currently, there are two different ways of transporting fresh products (mainly fruit and vegetable
items) in the B2B food segment in Europe (also referred as systems):

e arecyclable single-use corrugated board solution; and

e a multiple-use plastic crate.

The main goal of the study is to compare the environmental performance of recyclable
single-use corrugated boxes (CB) and multiple-use plastic crates (RPC) in Europe, used
in the food segment. To this end, a Life Cycle Assessment (LCA) study according to the ISO
14040/44 standards is carried out. Key parameters and environmentally important life-cycle
stages of the systems are identified and analyzed. Further, the influence of certain key variables
for the results is evaluated.

In accordance with the ISO 14040/44 standards the equivalence of the two distinct systems
(single-use and multiple-use) is evaluated to ensure a fair comparison. This applies to the
performance (i.e. the functions obtained from respective products), system boundaries, data
quality (i.e. equivalent and appropriate implementation of foreground and background data),
allocation procedures and impact assessment categories of respective product systems.

In general, this study follows the principles of an attributional analysis, meaning that a specified
and static state of a system or product is examined (Guinée et al., 2001). Thus, average data
(representing average environmental burden from a specific activity or production volume) is
incorporated in this assessment and results refer to an unambiguously defined current system.
However, the analysis also comprises consequential perspectives and approaches. This means
that both recycling and energy recovery are modeled with assumed substitution (i.e. avoided
energy or material provision). This approach is widely established practice and particularly used in
consequential LCAs to estimate how the global environmental impacts are affected by a decision.
In this regard it is important to acknowledge the comparative nature of this assessment in which
different options fulfilling the same function are considered. These options are made of different
processes along the life cycle (e.g., raw materials extraction, manufacturing of boxes, transport,
end-of-life stage).

Different stakeholders along the investigated B2B supply chain are considered the intended
audience of this study. This entails:

e raw material producers;

e manufacturers of corrugated board solutions;

e transport companies;

e retailers; and
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e respective service providers necessary for reprocessing plastic crates (including washing
operations).

The study sheds further light on the understanding of potential environmental implications
relating to single-use and multiple-use solutions for transporting goods in the food segment in
Europe. Therefore, all affected companies and associations are considered as potential target
audiences. Ultimately, potential environmental hotspots are evaluated to derive reduction
potentials and areas for improvement, although this is not the main goal of this comparative
assessment.

3.1.2 Short description of the investigated scenario and product systems

The comparison of the two different systems is based on a representative case study (i.e.
baseline scenario). This baseline scenario is used as a general, average scenario to illustrate
potential implications on B2B transportation in Europe. Most importantly, potentially decisive
parameters, assumptions, data, etc. around the respective systems are identified. The baseline
comparison should therefore be understood as an evidence-based reference for deriving potential
boundary conditions under which one or the other system may be preferable in terms of certain
environmental impacts. With this information at hand, potential additional cases worth further
investigation may be defined.

The selected specific scenario is deemed representative for the (non-refrigerated) shipping of
generic fruits and vegetables by average means of transport (i.e. truck) and by considering one of
the most preferred routes in Europe in terms of volume of transported goods (based on recent
statistical data). To the extent possible, hygiene standards and parameters for the specific goods
are acknowledged.

The two applicable systems, CB and RPC, are intended for the transportation of vegetables in a
B2B context, therefore from the manufacturer to the retailer. Table 1 summarizes important
aspects and variables relating to the two systems, taking functional equivalence into account.

In this table, two parameters (number of reuses and average breakage rate) are used in the
model for the RPCs. In literature, different assumptions regarding these two parameters are made
(see section 2.1). The number of reuses (or rotations) for the RPC system are assumed by
considering a comparative study on single-use CBs and RPCs (Thorbecke et al., 2019). The
authors assumed 24 rotations for RPCs on the basis of RPCs industry experts. It is assumed that
RPCs have a rotation every 3-4 months for a lifespan of 5-6 years. In a conservative approach,
RPCs are then assumed to be returned 4 times per year with a lifespan of 6 years, with a
consequent total number of reuses of 24. Since this a debated parameter in literature (see, e.g.,
Lo-Iacono-ferreira et al. 2021), section 3.4.2 presents a break-even analysis for the impact
category Climate change, total.

Table 1: Description of the systems and key parameters for the baseline comparison

Recyclable single-use Multiple-use

corrugated box (CB) plastic crate (RPC)
Raw material and Corrugated cardboard made of | Mixture of two polymers
subsequent processing/ 53% Kraftliner and 47% Semi- | (58% HDPE / 42% PP) formed
manufacturing chemical (fluting) though injection moulding
Type of use Single-use Multiple-use (foldable crate)
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Recyclable single-use Multiple-use
corrugated box (CB) plastic crate (RPC)
Number of n.a. 24
reuses/rotations’
Return rate n.a. 100 %
Average breakage rate 08 2.5%°
Dimensions (mm) 600x400x210
Max. load capacity (kg) 15
Container weight (kg) 0,77 1,82
Transport Distance from food producer to distribution center: 840 km

(average distances for intermediate transports are assumed
within Europe, see further details in section 3.2.3.2 and detailed
description in Appendix 2)

- Distance from distribution
center to service center
(washing and sanitizing): 165

km
Preparation for reuse n.a. After each use, RPCs are sent
(i.e. distribution, to reconditioning facilities,
inspection, washing) where they are washed and

then reused up to a certain
number of cycles, which
determines their lifespan.
Average transport distance to
the reconditioning facilities is

considered
End-of-life Recycling rate 82,9%?19, rest Recycling rate 41,8%?11, rest
incineration with energy incineration with energy
recovery recovery

*Needed for preparation for reuse (i.e., distribution, inspection, washing)

3.1.3 Functional unit
Based on the described scenario above and key parameters of the respective systems the
following functional unit is adopted for this assessment:

Provision of delivery, containment, and display for 1 ton of vegetables (fresh
product) by means of functionally equivalent transport containers (either single-
use corrugated board boxes, or multiple-use plastic crates) over a transport

7 It is important to highlight that the comparison is made by considering the life cycle of a single-use system for 24 times and the life cycle of a
multiple-use system by taking into account 24 reuses/rotations.

8 Source: personal communication with FEFCO. Even if it breaks after one trip it has already fulfilled its purpose unless the product gets damaged.

9 This assumption is based on values reported in literature for breakage rate of plastic crates. An average value (2,5%) is considered in this study,
between a minimum value (no breakage rate = 0%), and a maximum value (5%, source Thorbecke et al., 2019). This assumption is further
suggested in Lo-Iacono-ferreira et al. (2021). The authors presented a screening of studies regarding this aspect. They conducted a comparative
LCA study on CBs and RPCs by using a value between 1% and 5%.

10 Source: https://ec.europa.eu/eurostat/databrowser/view/ENV_WASPACR _custom 1226307/default/table?lang=en EU-28 countries, year 2018,

waste category “paper and carboard packaging”
11 Source: https://ec.europa.eu/eurostat/databrowser/view/ENV_WASPACR _custom 1226307/default/table?lang=en EU-28 countries, year 2018,

waste category “plastic packaging”
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distance of 840 km from producer to retailer in the EU in a manner that maintains
the safety of the produce and that is consistent with established commercial supply
chains.

Consequently, great attention is given to the evaluation of the functional equivalency of single-use
and multiple-use solutions and potential functional/quality differences are disclosed in either
quantitative or qualitative terms. In this respect, food safety requirements are fulfilled by both
systems, which means that, for example, the multiple-use containers are sanitized between every
use cycle for food contact application. Moreover, consistency and symmetry in assumptions and
modelling choices between both products and associated life cycles is ensured.

3.1.4 System boundaries

The system boundaries for both systems comprise all life cycle stages from cradle-to-
grave/cradle, including resource extraction, production of the packaging solution, logistics, use
and end of life, including recycling and incinerating of the corrugated solution!2, washing of the
plastic solution after each use, recycling and incinerating of the plastic crates after lifespan?3, as
well as transport for recycling and transport of empty load returns of the plastic crates and the
storage space needed for the reusable crates during idle periods.

Figure 2 shows the system boundaries for the recyclable single-use corrugated box (CB) system
as adopted for the baseline comparison (see further details on the depicted life cycle stages and
processes in section 0).

Expanded system boundary for the baseline comparison

| - e e
System boundary for the 1| I

recyclable single-use
corrugated box (CB)

' Primary paper
[N production

Bl - 53 % Kraftliner
Bl - 27 % Semi-chemical i [l (e
[ fluting loop)

! Corrugated board production

I Use stage (transport)

| Cardboard waste

|
1
|
|
1
|
|
1
|
|
1
|
|
1
|
|
1
|
|
1
|
|
1
|
cine H |

! i rEl ] handiing & recydling I
|

I Avoided energy Avoided primary

generation material production
- Electricity - chemical pulp
- Thermal energy - mechanical pulps

Figure 2: Simplified representation of the system boundaries for the recyclable single-use corrugated box (CB)
system in the baseline scenario

12 Shares of recycling and incinerating are shown in Table 1.
13 Shares of recycling and incinerating are shown in Table 1.
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Figure 3 shows the system boundaries for the multiple-use plastic crate (RPC) system as adopted
for the baseline comparison (see further details on the depicted life cycle stages and processes in
section 0).

Expanded system boundary for the baseline comparison

System boundary for the :

multiple-use plastic crate ! |
(RPC) !

| Primary plastics

| production
(BN - 58 % HDPE Recyded plastics (open
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|
|
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| center

1 Use stage (transport) . (washing)

|
|
|
1
|
|
1
|
|
|
|
|
I : Plastic crate production :
|
|
1
|
|
1
|
Plastic waste sorting & [
|
|

| : Incineration recyding
I ) R 1
I Avoided energy Avoided primary
generation material production
| - Electricity - HDPE

I - Thermal energy - PP

Figure 3: Simplified representation of the system boundaries for the multiple-use plastic crate (RPC) system in
the baseline scenario

3.1.4.1 Geographical Scope

The geographical scope of the comparison is EU (EU-27 + UK). The analysis of a specific scenario
is to comprise statistical data about transportation in the EU4.

This geographical boundary mostly is reflected in the assumptions around the foreground systems
and assumptions (e.g. transport distance, recycling rates) and background datasets (e.g.
electricity from grid) as inventory data for the manufacturing stage of certain products, as well as
washing processes for the multiple-use system, is site-specific, and hence they represent average
production supply chains in Europe (e.g. mainly EU or EU Member States; global, if no other data
is available). The geographical scope of all background processes is documented transparently.

3.1.4.2 Time boundary

Primary data!® for the single-use system is retrieved for the manufacturing and recycling process
of the corrugated packaging solution. The most recent data is referred to the year 2018 (see CEPI
and FEFCO, 2018). Personal communication with FEFCO is referred to the year 2021 and early
2022.

Secondary data is retrieved for the plastic crate solution, when possible, from the past 5 years
(2017-2021). In general, for both solutions, if no data can be retrieved in the past 5 years, the
research is extended to the past 10 years, especially for the secondary data of the multiple-use
system which is mainly based on desk-research findings.

14 Further information regarding transportation routes in Europe is collected among some FEFCO’s members.
15 This data can be considered as primary data since it represents specific data collected among manufacturers associated to FEFCO.
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3.1.5 Handling and modelling of end-of-life stage

Recycling of material from one product system to another constitutes an omnipresent
methodological challenge (i.e. allocation problem) in LCA studies, because the same material is
used in at least two different products (Hauschild, 2017). This is mainly due to the aspiration of
analyzing individual product systems based on the main function they provide despite their real-
world implications and interrelations with potential other functions or processes. The increasing
popularity and adoption of the concepts of a Circular Economy (CE) further intensify the need for
consistent handling of multifunctionality-related challenges with regard to e.g. cascading use of
resources and quality changes during recycling.

In order to deal with such issues, the ISO standard 14044 presents a hierarchy of procedures.
These procedures are a prerequisite for comparative assertions between different product systems
and allow for a hotspot analysis of a single product system. In general, the ISO hierarchy for
solving multifunctionality is as follows (Hauschild, 2017):

1. Perform sub-division of the affected process, i.e. cut off subprocesses providing secondary
functions;

2. Perform system expansion, i.e. integrate the secondary function into the system
boundaries (displacement/avoidance of impacts or crediting for avoided production);

3. Perform allocation using physical causality, representative physical parameter, or another
parameter (e.g. economic) (in this order), i.e. partition the environmental flows and
associated impacts between the primary and secondary functions and cut off the part
related to the secondary functions.

First, it is important to ensure consistency and symmetry in assumptions and modelling choices
between both systems and associated life cycles. For the selection of an appropriate modelling
approach, it is therefore important to differentiate whether recycling is characterized as a closed-
loop or an open-loop. In general, open-loop recycling refers to material being recycled from one
product into another, while closed-loop recycling applies when a material is recycled into the same
product system, or when it is recycled into another product system without changes in the
properties of the material. Arguably, paper recycling can occurs in an open-loop due to the
decreasing length of recycled fibers during consequent recycling of the same fibers, ultimately
reducing its quality and altering inherent properties when compared to virgin fibers (Hohenthal et
al., 2019) - arguably this argumentation can equally be applied to the plastics industry (Volk et
al., 2021). Although an open-loop assumption can be considered realistic at B2C level, this study
investigates B2B transport packaging. At B2B level, paperboard recycling is mostly a closed-loop
process in paperboard industryl®,

In order to represent recycling situations in LCA studies, several allocation methods have been
developed and can be applied depending on the goal and scope of the assessment. With respect
to the goal and scope of this assessment as well as in order to fulfill the ISO requirements (i.e. at
least two variants of the allocation of credits from energy or material recovery have to be
considered for comparative LCA studies) applicable allocation methods are presented in Table 2.

6 paper cycle at B2B level is almost completely closed, as reported by FEFCO’s LCI (2018), as well as many industry reports (see, e.g., KCPK
“Recycling of paper and board in the Netherlands in 2019” available at:
https://circpack.eu/fileadmin/user upload/Recycling of Paper and Board in The Netherlands in 2019 - final.pdf, where it is stated that
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Table 2: Overview of applicable allocation methods for this study (list based on Ekvall u. a., (2020) and Heijungs

u. a. (2021))

Allocation
method/

Alternative/
frequently used
terms

Recommended

Evaluation considering goal

and scope of this
assessment

approach
Avoided burden
approach -
baseline scenario

e Closed-loop
approximation

e 0/100 method

e End-of-life
approach

e Recyclability
substitution

e Value of scrap
approach

e Allocation to
material losses

e System
expansion

e ISO
14044:2006

e ISO
14044:2020

e ISO 14067

e ISO 20915

e GHG Protocol

e PAS 2050

(+) Recommended approach
when the product service life is
short and/or well known

(+) Relatively easy to apply
(+) does not require additional
data or significant modelling
choices

(+) Comprehensible

(+) Adopted approach in
European Database for
Corrugated Board (CEPI and
FEFCO, 2018)

(-) Does not differentiate
between virgin and recycled
material and different quality of
material

(-) does not take into account
how often a material is recycled
(-) less reproducible

Simple cut-off -
sensitivity
scenario

e Recycled
content
approach

e 100/0 method

e EPD system
e GHG Protocol
e PAS 2050

(+) Easy to apply as only the
recycling process needs to be
allocated between product
systems

(+) Comprehensible to large
audience

(+) Often used supplementary
to closed-loop-approximation

(-) Does not reflect decisive
characteristics of the system
(e.g. provision of secondary
raw materials, different
qualities of materials)

50/50 method -
sensitivity
scenario

e Nordic
Guidelines on
LCA

e German
Environment
Protection
Agency

(+) Fairly easy to use and
understand

(+) No need for data on quality
or price

(-) Additional collection of data
on virgin material use or
disposal are needed for the
product life cycles where no
virgin material is used or no
disposal occurs, respectively
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Allocation Alternative/ Recommended Evaluation considering goal
method/ frequently used by and scope of this

approach terms assessment

Circular e PEF approach e Product (+) Differentiates between
Footprint Environmental | virgin and recycled material,
Formula (CFF) - Footprint between different fate of
sensitivity Guide recovered resources and the
scenario different quality of material

(-) Difficult to apply due to
incorporation of several
additional factors (e.g. factors
to quantify the quality of the
recycled materials)

(-) complex to explain and
illustrate

(-) impeded reproducibility due
to complexity

REFFIBRE - e Based on ISO | (+) Considers the number of
(Hohenthal et al., 14067 subsequent uses of recycled
2019) = not fibers and the recycled fiber
considered in this age

assessment

(-) Readily applicable only for
paper products; applicability to
plastic products would need to
be investigated for symmetry
reasons

According to the ISO hierarchy (and the latest amendment 2, ISO 14044:2020) system expansion
(i.e. avoided burden approach) is the preferred approach for solving multifunctionality in several
end-of-life scenarios (e.g. open- or closed-loop recycling, incineration with energy recovery)
(Hauschild, 2017). More specifically, material outputs from recycling processes are credited based
on the assumed reduced requirement of virgin material production. Similarly, incineration of some
materials in the EoL stage produces heat and electricity, which is credited using average energy
equivalents (e.g. residual energy mix from grid) based on the assumption that respective primary
energy generation is substituted. The adopted approach does not account for the alternative
waste disposal avoided through recycling and is therefore aligned with the guidance underpinning
the CFF.

The system expansion (avoided burden) approach is also the most recognized method to solve
consequential end-of-life multifunctionality. Hence, this allocation method can be described as a
consequential approach that includes avoided activities but is nevertheless applicable to
attributional assessments (Ekvall et al., 2020). The attributional and consequential versions of
this method both reflect the view that material lost from the technosphere must be replaced
through virgin material production. From a policy perspective, this approach leads to a focus on
recycling at the end-of-life and promotes the concept of the circular economy (Ekvall et al., 2020;
Nilsson et al., 2021), while the so-called cut-off approach (or: recycled content approach) leads to
a focus on increasing the percentage of recycled materials in a new product.

The cut-off approach is not considered appropriate for biogenic materials such as paper, since this
approach may lead to the conclusion that waste disposal can even have a net positive impact on
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the environment. This can be the case if the disposal is, for example, incineration with energy
recovery of paper and other biogenic materials. In these cases, the simple cut-off gives an
incentive not to recycle the biogenic material, even if recycling is good for the environment.
Hence, a drawback of the simple cut-off is that it does not give incentives for recycling after use,
when the final disposal has little or positive net environmental burdens (Ekvall et al., 2020).

System expansion approach and closed-loop recycling are chosen for the baseline
comparison in both systems. This is in line with several other relevant LCAs, as identified in
the Literature Screening (see also section 1.2.2). The following LCA studies adopted an avoided
burden approach (system expansion) for either the baseline scenario or as part of the sensitivity
analysis:

e Lo-Iacono-Ferreira et al. (2021): Carbon Footprint Comparative Analysis of Cardboard and
Plastic Containers Used for the International Transport of Spanish Tomatoes.
Sustainability”

e Ldpez-Galvez et al. (2021): Reusable Plastic Crates (RPCs) for Fresh Produce (Case Study
on Cauliflowers): Sustainable Packaging but Potential Salmonella Survival and Risk of
Cross-Contamination. Foods

e Abejon et a. (2020): When plastic packaging should be preferred: Life cycle analysis of
packages for fruit and vegetable distribution in the Spanish peninsular market. Resources,
Conservation & Recycling

e Thorbecke et al. (2019): Life Cycle Assessment of Corrugated Containers and Reusable
Plastic Containers for Produce Transport and Display

e Stiftung Initiative Mehrweg [Foundation for Reusable Systems] (2018): Carbon Footprint
of Packaging Systems for Fruit and Vegetable Transports in Europe

e Koskela et al. (2014): Reusable plastic crate or recyclable cardboard box? A comparison
of two delivery systems. Journal of Cleaner Production

The modeling approach for the baseline comparison in this study therefore ensures comparability
with existing studies. Adhering to the ISO 14044 requirements, different applicable methods for
the allocation of credits resulting from energy or material recovery are also considered (see Table
2). This is ensured by a sensitivity analysis (see section 3.3.4).

Lastly, it is important to bear in mind that the ISO standard does not specify any exact formula or
approach to model the recycling stage, while the EU harmonized Product Environmental Footprint
(PEF) methodology proposes the use of the so-called Circular Footprint Formula (CFF) (see Table
2 above). While the formula addresses some important aspects for a fair comparison between
different product systems (e.g. introduction of a factor to allocate burdens and credits between
two life cycles) it comes also with some shortcomings: e.g. not considering how often a material
is recycled, potentially inadequate and too generic quality correction factors. When modelling
closed-loop systems, the PEF methodology is even in conflict with the ISO 14044 standard as only
up to 80% of credits can be assigned by using the CFF, whereas ISO allows for 100% of the
credits to be allocated to the product system. It is even argued that the PEF methodology is
rather applicable to internal product and process optimization purposes but not suitable for fair
comparative assertions (Bach et al., 2018).

In December 2021 the European Commission (EC) published a “revised Recommendation on the
use of Environmental Footprint (EF) methods, helping companies to calculate their environmental

7 This study was referenced in an official newsletter of the European Commission
(https://ec.europa.eu/environment/integration/research/newsalert/pdf/569nal_en-1313_Ica-of-agricultural-tomato-packaging-boxes-for-climate-

impact_v2.pdf)
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performance based on reliable, verifiable and comparable information, and for other actors”18,
Following the EC recommendation, with the aim at helping industry to know and eventually
reduce environmental emissions of its products, the CFF is applied in this study along with the
Avoided burden approach. Results of these two methodologies are transparently reported in
Section 3.3.3.

3.1.5.1 Inherent allocation at process level

Datasets adopted from existing databases (e.g. Ecoinvent, GaBi Professional database) for the
modelling of background processes adhere to inherent allocation procedures. The respective
datasets coming from databases are transparently documented for the affected processes.

3.1.6 Impact categories and assessment method (LCIA)

This study is conducted in accordance with ISO 14000/14040, and the comparative assessment is
expressed via Environmental Footprint (EF) impact categories. A general requirement for
comparative life cycle assessments disclosed to the public is that the choice of environmental
categories shall be as complete as possible, as well as appropriate and reasonable in relation to
the goal of the study so that a fair comparison is facilitated. All EF impact categories are included
in this study with the exception of the EF Land Use [Pt] impact category, which is excluded due to
intrinsic difficulties in interpreting results due to the following reasons (which are part of the
ongoing scientific research): inconsistency between databases (the use of both GaBi professional
and Ecoinvent), insufficient data on relevant parameters (e.g. land management parameters such
as crop or forest management and conservation practices), lack of common agreement on a
cause-effect chain for modelling impacts, risk of overestimating or underestimating impacts in
large countries. Table 3 gives an overview of the impact categories covered by the PEF
methodology and used in this assessment.

Table 3: List of selected EF impact categories (source: PEF guidel?)

EF Impact Impact Category Indicator Unit
category
Acidification Accumulated Exceedance (AE) mol H+
equivalent
Climate Change, Radiative forcing as Global Warming kg CO2
total?° Potential (GWP100) equivalent
Climate Change, Radiative forcing as Global Warming kg CO2
biogenic Potential (GWP100) equivalent
Climate Change, Radiative forcing as Global Warming kg CO2
land use and land Potential (GWP100) equivalent
use change
Climate Change, Radiative forcing as Global Warming kg CO2
fossil Potential (GWP100) equivalent
Ecotoxicity, Comparative Toxic Unit for ecosystems CTUe
freshwater
Eutrophication, Fraction of nutrients reaching freshwater kg P equivalent
freshwater end compartment (P)

18 Source: https://ec.europa.eu/environment/eussd/smgp/ef methods.htm
19 https://ec.europa.eu/environment/eussd/smgp/pdf/PEF%20webinar%20Nov%202020 Data%20and%20Impact Final .pdf
20 The impact category “Climate Change, total” is constituted of three sub-impact categories: Climate Change, fossil, Climate Change, biogenic,

Climate Change, land use and land use change. For the sake of transparency, all these three sub-categories are included in this study and
disclosed. However, only Climate Change, total is discussed in the interpretation of the results in the charts.
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EF Impact Impact Category Indicator

category

Eutrophication, Fraction of nutrients reaching marine end kg N eq

marine compartment (N)

Eutrophication, Accumulated Exceedance (AE) mol N equivalent

terrestrial

Human toxicity, Comparative Toxic Unit for humans CTUh

cancer

Human toxicity, Comparative Toxic Unit for humans CTUh

non-cancer

Ionising radiation, Human exposure efficiency relative to kBg U235

human health U235 equivalent

Ozone Depletion Ozone Depletion Potential (ODP) kg CFC-11
equivalent

Particulate matter Impact on human health disease incidence

Photochemical Tropospheric ozone concentration increase kg NMVOC

ozone formation - equivalent

human health

Resource use, Abiotic resource depletion - fossil fuels MJ

fossils (ADP-fossil)

Resource use, Abiotic resource depletion (ADP ultimate kg Sb equivalent

minerals and reserves)

metals

Water use User deprivation potential (deprivation- m3 world equiv.

weighted water consumption)

Impacts are presented by splitting life cycle stages to facilitate disclosure and interpretations of
relative contributions. For both systems, the following life cycle stages are separated (with
indication of the respective system):

e Raw material production and manufacturing [CB; RPC]

e Transport [CB; RPC]

e Service center (washing) [RPC]

e EoL of post-consumer product: incineration [CB; RPC]

e EoL of post-consumer product: recycling [CB; RPC]

e Avoided emissions: material [CB; RPC]

e Avoided emissions: energy (electrical and thermal) [CB; RPC]

3.1.7 Data quality requirements
According to ISO 14044 data quality requirements must be included for the following aspects:

e Time-related coverage: Primary datasets and inventories are not older than 2018 for
the CB system. Only for the RPC system, secondary data older than 2018 (2017-2021) is
considered (see section 3.1.4.2). Crucial life cycle stages and processes refer to the most
recent literature or otherwise publicly available information and have been discussed with
market experts in order to ensure applicability. At the time of modelling latest available
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secondary data is implemented for background processes (Ecoinvent 3.7.1 as well as GaBi
Professional database 2021.2).

¢ Geographical coverage: In general, all data and assumptions refer to or are applicable
to an average EU context, as long as data availability allows. Geographical coverage is,
however, dependent on the available data. Geographical coverage of primary and
secondary data is disclosed in the respective inventories in section 0.

¢ Technological coverage (i.e. technological standard of production, distribution,
use and EolL processes): Primary data and information covers state-of-the-art paper
production, corrugated box manufacturing, and recycling and is therefore considered
representative of the current technology level. Other secondary data represents average
technologies used in the EU, as described in respective background datasets.

e Precision: Representative and precise primary data is used to the extent possible. The
influence of unavoidable variability in key parameters is tested by means of sensitivity
analyses.

¢ Completeness: Completeness of data is achieved through the iterative process of data
collection and modelling. Data gaps are disclosed transparently but not expected to have
significant influence on the results and comparative assertion. Simple validation checks
(e.g. mass or energy balances) are performed. Moreover, primary data as well as results
are benchmarked with literature data, as far as possible.

e Representativeness: The degree to which data and assumptions reflect an average EU
situation is addressed under time-related, geographical, and technological coverage. The
study represents whole packaging and transport systems comprised of clearly defined
product items.

e Consistency: Consistency in the assumptions, modelling choices, and the selection of
data sources is of utmost importance for this comparative assessment (see also sections
3.1.3 and 3.1.5). In the absence of unambiguous data or references for critical
assumptions equal assumptions or references are applied to both systems. The LCA
methodology is uniformly applied to both systems and sub-systems and it is ensured that
modelling and methodological choices do not affect the results and conclusions. If so,
respective modelling and methodological choices are reflected in the sensitivity analysis.
It is evident from previous LCA studies on paper products that environmental credits
associated with the assumed avoided production of materials or energy can play a
significant role for the total results and comparison. This holds particularly true when
high-material volume systems (i.e. single-use) are compared with low-material volume
systems (i.e. multiple-use). Inconsistent use of data for the upstream (i.e. raw material
extraction and processing) and downstream (i.e. recycling and avoided production) can
potentially cause an over- or underestimation of environmental benefits from recycling.
This study therefore ensures consistency between the datasets used for both raw material
processing and EoL crediting by adopting a closed-loop approximation for both systems.
This assumption is tested by means of sensitivity analysis.

¢ Reproducibility: Primary data is confidential, but context information and reference
flows are disclosed to the extent possible. All other assumptions as well as
implementation of secondary data is documented in a way that allows for reproduction of
the underlying models.

¢ Uncertainty of information: Major uncertainties are addressed by means of a sensitivity
analysis as well as qualitative discussions. Remaining uncertainties are taken into
consideration when interpreting results. In particular, uncertainty on information for the
manufacturing of a plastic crate solution is due to lack of primary data. Therefore,
secondary data is used (see section 3.1.4.2), and this can be seen as a limitation of this
study.
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3.1.8 General assumptions and exclusions form the assessment
The following overarching assumptions and simplifications are made:

e Capital goods and infrastructures (e.g. for the reconditioning of plastic crates; recycling
facilities) as well as auxiliary processes (e.g. refrigeration of infrastructure) are not
considered, except in cases where the selected inventory data incorporates this
information as part of an aggregated dataset;

e Additional and/or deviating space requirements for storage of containers are neglected;

e Additional quantities of excess plastic crates (i.e. float) in order to ensure a stable and
flexible system are not considered; The effect of an additional stock of plastic crates is
assumed to be negligible as a larger stock would also mean that individual plastic crates
are less frequently used and therefore would lead to a lower average reuse rate of a
certain stock; This observation is assuming the functional unit to be fixed (i.e.
transporting 1 ton of fresh produce), hence individual crates would need to be moved less
frequently to meet the same function/service. This obviously means that this larger stock
can be used longer, which again would mean that only a fraction of this stock would need
to be allocated to the functional unit of this assessment. In conclusion, assuming a larger
stock would not make any difference from a purely analytical perspective. Any
organizational aspects that may have to be factored in are beyond the scope of this
assessment;

e Potential implications and effects on the contained food (e.g. protection of food) due to
the respective packaging solution are not taken into account;

e Potential implications due to the inherent thermal properties of the containers are
excluded due to lack of data.

Any additional assumptions and limitations are reported in the respective sections.

3.1.9 Normalization and weighting
According to ISO 14040, normalization and weighting are optional parts of the life cycle impact
assessment procedure. In this study, they are not taken into account.

3.2 Life Cycle Inventory Analysis
This section provides a detailed and transparent description and discussion of data quality,
assumptions, allocation procedures, data gaps, and accompanying calculations. Necessary data
and information are collected through different sources and hence can be classified as:
¢ Primary data: data collected/measured directly by a company; e.g. raw material
demand, energy (electricity, natural gas, etc.), wastes (emissions as well as solid waste)
inputs and outputs for a particular process or product. Data are collected and maintained
by subject-matter experts such as material and product engineers, research and
development managers, or LCA experts.
¢ Secondary data: data collected through publications, scientific literature, statistics, and
LCI databases.

Primary or secondary data can entail full LCI datasets/LCIA results, input-output tables (e.g. bill
of materials), assumptions, and certain reference flows or values. The respective classification of
incorporated inventory data is marked in sectionO.

3.2.1 Data collection

3.2.1.1 Data collection from industry

Primary data collected from manufacturers is implemented through either complete LCIA results
or own modelling based on received input/output sheets (i.e. connecting reference flows and
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values with applicable datasets and flows from LCI databases). All data and information received
are checked for applicability, completeness, consistency, and plausibility. Data and information
obtained are disclosed to the extent confidentiality agreements allow.

3.2.1.2 Data collection from literature sources and LCI databases

In case primary data is not available nor accessible, secondary data from literature or LCI
databases are incorporated and documented. As is common practice in comprehensive LCA
studies, LCI datasets (e.g. electricity from grid) are required to integrate primary information
from e.g. input-output sheets for processes. Moreover, it is assured that the use of secondary
data is applicable and representative in light of the goal and scope of this assessment.

LCI of corrugated board, commissioned by FEFCO in 2018

FEFCO conducted a LCI study to evaluate inputs and outputs for average corrugated board
manufacturing. This study adheres to the system boundaries adopted in the LCI study conducted
by FEFCO (CEPI and FEFCO, 2018), as reported in Figure 4, where a closed-loop corrugated board
packaging system is assumed.

INPUTS OQUTPUTS
transport CCB data CCB data
Pf pulp and Rf pulp and
* wood Pf paper(Ppf): Rfpaper(Prf) leq ° byproducts
* fuels Kraftliner Testliner * emissions to air
® electricity Semichemical Recycled Fluting * water
* ywater Fluting * ywaterborne
® additives emissions
® processing aids I * residues
* transport transport
FEFCO data
CB corrugated
sheet/ box
production
v
product corrugated box ~ product use
) —T> use, transport > '
production waste

product

| !

corrugated box
collected, but
not recycled

v Y

corrugated box other treatment,
e.g. incineration or final disposal

corrugated box
not collected

Figure 4: Flow chart of unit processes involved in the LCI of FEFCO?!

LCI of wastepaper to pulp production

For modeling environmental burdens of the recycling process, data present in the FEFCO LCI
database is adapted considering information presented in the “"Best Available Techniques (BAT)
Reference Document for the Production of Pulp, Paper and Board” (Suhr et al., 2015). This data
was compiled by RISE on behalf of CEPI and FEFCO during 2021 as part of a specific project and a
pre-publication version of the results was provided for use in this assignment. The data has been
checked by a major producer of recycled corrugated case materials, considering operating

21 https://www.fefco.org/lca/dscription-of-production-system/paper-production
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experiences. This data can be considered a “hybrid” of primary and secondary data. Assumptions
made for this LCI are reported in section 3.2.3.4. and LCI data used in the model is reported in
Appendix 1.

3.2.2 Product systems and process flowcharts

The following table defines the characteristics of both systems for the model. A typical RPC model
retrieved from a website source of RPC manufacturer is considered as reference for the RPC
system. Its weight is adapted to have the same functionality as the CB model. Source of data are
reported in the table and as footnotes.

Table 4: Description of the modelled solutions

Single-use Multiple-use
corrugated box (CB) plastic crate (RPC)

Modelled reference Model 6421 Modelled reference

Material corrugated board HDPE HDPE/PP
Mass of one box/crate (kg) 0,77 1,98 1,82
External dimension (mm) 600x400x210 600x400x229 600x400x210
Max loading capacity (kg) 15 20 15
Source of data Personal communication | CPR system?2 -

with FEFCO (2021)

By considering modelled references in the previous table, the following Table 5 shows number of
CBs and RPCs used in the model (with calculation), as well as mass of one CB/RPC and mass of all
CBs/RPCs. The comparison is therefore made by considering the manufacture of 73,33 kg of CB
manufactured and 7,22 kg of RPC. Total mass of RPC is calculated considering humber of
rotations assumed in the baseline scenario (24 rotations); therefore, number of RPCs needed for
transporting 1 ton of goods is divided by 24.

Table 5: Description of parameters used in the model

Single-use Multiple-use
corrugated box (CB) plastic crate (RPC)

Modelled reference Modelled reference

Mass of good transported 1 ton of transported vegetables

Max loading capacity (kg) 15

Loading capacity (real) assumed?3 70%

Number of CBs/RPCs 1.000 / (15 kg * 70%) = (1.000 / (15 kg *
95,23 boxes 70%))/24 =

3,96 crates

Mass of one CB/RPC (kg) 0,77 1,82

Mass of all CBs/RPCs (kg) 73,3 7,2

Overall distance of one CB/RPC (km) 1.145 1.537,5

Overall transport distance of one RPC is also calculated considering number of rotations, as
described in the followjng table

22 https://www.cprsystem.it/wp-content/uploads/2021/08/CPR _Rev3 Scheda-informativa-Casse-Ortofrutta.pdf

23 A realistic loading weight (70%) of the maximum capacity is assumed for both systems (arbitrary)
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Table 6: Overall transport distances

Single-use system (CB) Multiple-use system (RPC)

distances (km) n-times gistances (lom) distances (km) n-times distances (km)

er f.u. per f.u.

Transport routes

manufacturer - food 55 1 55 370 1/24 1542
producer

f[_)od_pro_ducer - 840 1 840 840 1 840
distribution center

distribution - retailer 50 1 50 50 1 50
retailer - distribution na. 1 n.a. 50 1 50
center

distribution - service

center (washing and n.a. 1 n.a. 165 1 165
sanitizing)

service center - food . 1 n.a. 380 1 380
producer

Transport routes (Eol )
E

oL recyding (CB: after
each use; RPC: after the
last route at end of
lifespan)
EoL indneration (CB:
after each use; RPC:
after the last route at
end of lifespan)
Overall distances of one
box / crate (km)

150 1 150 840 1/24 35,00

50 1 50 50 1/24 2,08

1.145,0 1.537,5

3.2.3 Data sources
3.2.3.1 Raw material acquisition and processing

Single-use system (CB)
The general sequence of a paper production process is depicted in Figure 5.

Paper production
dewatering
stock:
gravity/suction,
pressing, drying

Processing of raw Pulping and stock
material: wood preparation:

(chips) and/or screening,
recovered paper cleaning, refining

Figure 5: Paper production process (own depiction based on FEFCO?*%)

The life cycle reported in FEFCO LCI (2018) starts from the forest operations, extraction of fuels,
and acquisition of other raw materials, and ends at the corrugated box production’s gate. The
dataset covers all relevant process steps / technologies over the supply chain of the represented
cradle-to-gate inventory. All upstream operations, such as production and transportation of used
chemicals, and production of purchased energy are included. This dataset has variable paper
inputs, and the type of paper can be chosen individually. Following the information given by
FEFCO members regarding the composition of the CB, the LCI is adapted to the specific situation,
as shown in Table 4.

Table 7: Description of the paper grades used in the single-use system (source FEFCO LCI, 2018)

Single-use Kraftliner Semi-chemical fluting

corrugated box (CB)

24 https://www.fefco.org/Ica/dscription-of-production-system/paper-production
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Recycled content?> 0,35 kg waste paper input 0,09 kg waste paper input
per kg Kraftliner per kg Semichemical Fluting
Cut-off rules for each unit Coverage of at least 95% of mass and energy of the input
process and output flows, and 98% of their environmental
relevance (according to expert judgment)

The CB production is modelled with average composition for the scope of the study. This
information is gathered among FEFCO members. Hence, a composition (by weight, input material)
of 53% kraftliner and 47% semi-chemical fluting is considered. In the production process, around
1.1 kg of paper input is required to obtain 1 kg of CB. The manufacturing process follows the
indications reported in the FEFCO LCI (2018): “Corrugated Board is manufactured from a number
of specially conditioned layers of recycled and/or virgin papers, called Fluting Medium and
Linerboard. Reels of Fluting Medium and Linerboard are fed into a machine called a Corrugator.
The Fluting Medium paper is conditioned with heat and steam and fed between large corrugating
rolls that give the paper its fluted shape. Starch is applied to the tips of the flutes on one side and
the inner liner is glued to the fluting. The corrugated fluting medium with one liner attached to it
is called single face web and travels along the machine towards the Double Backer where the
single face web meets the outer liner and forms corrugated board. A number of layers of single
faced web may be built up to produce double and triple wall corrugated board. The corrugated
board is slit into the required widths and cut into sheets which are then stacked or pelletized. The
final stage of the process consists of printing and then slotting, folding and gluing the corrugated
board to manufacture a corrugated box.” All these steps are included in the LCI. The
manufacturing process of both paper grades and CB is modelled by using database entries as
reported in Table 8.

Table 8: Secondary data for paper grades and corrugated box production

Provider process Data Source Geographical
classification coverage
Kraftliner (2018) Secondary FEFCO26 EU-28
data
Semichemical Fluting (2018) Secondary FEFCO EU-28
data
Corrugated board excl. paper Secondary FEFCO EU-28
production (2018), open paper input data

Multiple-use system (RPC)

The RPC manufacturing stage is based on the composition reported in Del Borghi et al. (2021).
According to the study developed by the University of Stuttgart, the plastic crate analyzed in this
study is made of a polymer granulate mix of high-density polyethylene (HDPE) and polypropylene
(PP) with a proportion of 58.4% and 41.6% by weight, respectively.

This composition is adopted in the model and a fixed recycled content of 10% by weight is
assumed. The recycled content for plastic crates with focus on fruits and vegetables in the past
five years in Europe is investigated with a desktop-based screening. To determine the percentage
of recycled HDPE and PP in plastic crates the legislation around recycled content in packaging
directly in contact with food is taken into consideration, as follows:

25 From FEFCO, Cepi Container Board: European database for corrugated board life cycle studies LCI (2018): “based on mostly primary fiber and a
smaller part of waste paper/recovered paper”.
26 All these database entries are considered by Sphera: “interpretation of FEFCO LCI (2018)”".
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e EU has strict legislation around plastics in contact with food, and the use of recycled
plastics needs to be approved by EFSA27

e Based on the EFSA publication registry — only 5 companies have received this certification
by mid-2021 for HDPE and PP relevant to the scope.

In addition, websites of eleven providers?® in Europe were visited to determine if there were
indications of recycled vs. virgin content. Based on this research it is evident that virgin material
is the default due to food safety reasons, but a few firms advocate for providing options made
from recycled materials upon request. It is therefore assumed that no more than 10% recycled
content is found in plastic crates for food contact.

Plastic waste fractions?® occurring during the production process are assumed to be entirely
incinerated with energy recovery.

The selected database entries for the manufacturing of plastic crates are shown in Table 9

Table 9: Secondary data for RPC manufacturing

Provider process Data Source Geographical
classification coverage
Polyethylene, HDPE, granulate Secondary PlasticsEurope EU-28
data
Polypropylene, PP, granulate Secondary PlasticsEurope EU-28
data
Market for polyethylene, high Secondary Ecoinvent 3.7.1 Europe (RER)
density, granulate, recycled data
Plastic injection molding Secondary Sphera EU-28
data
Electricity grid mix Secondary Sphera EU-28
data
Polyethylene (PE) in waste Secondary Sphera EU-28
incineration plant data

3.2.3.2 Transport

Transport is assumed to represent an average distance for distribution within Europe. The
approach is illustrated in Figure 6 for partial distances between manufactures to retailers.

27 https://ec.europa.eu/food/safety/chemical-safety/food-contact-materials/legislation _en

28 providers: Paviplast (Greece), PSAplast (Portugal), CargoPlast® GmbH (Germany), Boxline (Germany), Bekuplast (Germany), Svenska

retursystem (Sweden), morssinkhofplastics (The Netherlands), Tepsa (Spain), Conip (Italy), Obal centrum (Check Republic), Schoeller Allibert

(Sweden)

29 A standard value (3%) for plastic material losses within the injection molding process is accounted (source: Sphera).
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Cardboard boxes (CBs) Plastic crates (RPCs)
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Figure 6: Scheme of the transport life cycle stage

Distances, calculations, and respective references adopted in the model are thoroughly described
and reported in Appendix 2.

Regarding the means of transportation, transport between manufacturers and food producers is
modelled with a generic articulated lorry, while the transport between food producers and
distributions centres, as well as all other transports, are modelled as 50% truck EURO 5 and 50%
truck EURO 6. Table 10 reports the database entries adopted in the model.

Table 10: Secondary data for transport

Provider process Data Source Geographical
classification coverage
Articulated lorry transport incl. fuel, Secondary Sphera EU-28

Euro 0-6 mix, 40 t total weight, 27 t data
max payload

Truck-trailer, Euro 6, 34 - 40t gross Secondary Sphera GLO
weight / 27t payload capacity data
Truck-trailer, Euro 5, 34 - 40t gross Secondary Sphera GLO
weight / 27t payload capacity data

3.2.3.3 Service center (washing) in the Multiple-use system (RPC)
Modeling potential environmental impacts within a service center implies considering the steps in
the washing process of plastic crates, in general, as described in Table 11.

Table 11: General steps in a service centre for washing plastic crates3°

Steps of the service centre Description of the process

Visual control of plastic crates | RPCs are sorted out based on their optical and functional
quality

30 These steps and their description are adapted from https://www.elpress.com/products/industrial-washing-systems/washing-systems/crate-

washers/ and https://www.boonsfis.com/en/blog/the-advantages-of-a-crate-washer/30 and https://www.elpress.com/products/industrial-
washing-systems/washing-systems/crate-washers/
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Steps of the service centre Description of the process

Pre-washing Spray nozzles clean the crates at a low water temperature
(approx. 30-40 °C). This removes residues from the crates.

Washing (control temperature | In the main wash zone, spray nozzles clean the crates with hot
and chemical concentrations) | water (approx. 50-65 °C). Fats and bacterial contaminants are
removed in combination with the right chemicals. This keeps
the germ count in the wash tank as low as possible.

Rinsing The products are rinsed with fresh cold or hot water, with the
aim of effectively removing the cleaning/disinfectant agent.
Rinsing with hot water helps with the drying of the crates. The
assumed crate washers are designed as to enable optimal re-
use of the rinse water containing the chemical residue.

Drying In the blow off unit, air is blown over the crates by means of
fans. In general, air is heated up to approx. 50 °C.

For modeling potential environmental impacts, a recent LCA study in the EU on plastic crates (Tua
et al., 2019) is used as reference for the steps involved. Post-consumer plastic crates are washed
and dried with specified inputs to the process (i.e. water demand, heat demand, electricity
demand, detergent demand). Organic residues are incinerated, and wastewater is treated in
municipal treatment facilities. It is assumed that RPCs are sorted out based on their optical and
functional quality. Discarded crates per cycle (2.5%?3!) are recycled - the percentage of
broken/discarded crates is referred to as “breakage rate”. New RPCs are consequently required
for compensating the assumed breakage rate. The steps involved in the reverse logistics, as well
as their relative unit processes, are shown in Figure 7.

Service centre (washing)

Water ‘ ’ Energy ‘ ’ Detergents ‘

Washing and drying Selection

|

=l Wastewater Discarded Virgin
residues crates material
for
l compensa

ting
: : Wastewater Closed-loop discarded
EEEUET treatment recycling crates

Figure 7: Scheme of the service center (washing) life cycle stage

Inputs for the washing and drying process are retrieved from literature. Table 12 presents the
results of a literature screening of plastic crates washing processes in the last five years.

31 This is an average value, sources: (Tua et al., 2017; Thorbecke et al., 2019)
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Table 12: Literature screening of service centre (washing) - values given per plastic crate (reference weight of a
plastic crate is 1,82 kg, as reported in Table 1)

Parameter Datasheet (Tua et al., (Thorbecke et al., | (Lo-Iacono-
2019) 2019) ferreira et al.,
2021)
Energy demand [kWh] 0,077 - 0,077 0,050
Water demand [liters] 0,40 0,67 0,17 0,93
Complned detergents . 3,50 3,06 17,3
and rinse demand [g]

An average value from the reported values is calculated for 1 kg of RPC. Table 13 shows these

parameters.

Table 13: Parameters used in the model for the service centre (washing) life cycle stage for RPC system

Parameter Average value per kg of plastic crate
(RPC)

Energy demand [kWh] 0,037

Water demand [liters] 0,301

Combined detergents and rinse demand [g] 4,4

Table 14 reports the database entries adopted in the model. Discarded RPCs within this life cycle
stage are assumed to be recycled, in accordance with relevant literature.

Table 14: Secondary data for service centre (washing)

Provider process Data Geographical
classification coverage

Market for non-ionic surfactant Secondary Ecoinvent 3.7.1 GLO
data

Residual grid mix Secondary Sphera EU-28+3
data

Tap water from groundwater Secondary Sphera EU-28
data

Municipal waste in waste incineration | Secondary Sphera EU-28

plant data

Municipal wastewater treatment Secondary Sphera EU-28
data

3.2.3.4 Post-consumer EoL

For the EoL treatment of both systems, assumptions are made due to the lack of reliable
information regarding material flows of disposable packaging items. It is assumed that post-
consumer CBs and RPCs are recycled, and therefore EU statistical data in the baseline scenario is
used for modelling the impacts at EoL (see Table 15).

Table 15: Statistical data for EoL treatment3*

EU28 (from 2020) - Eurostat 2018

recycling rate

assumed incineration

(%)

(%)

32 Source: Reich firm (2021), available at http://reich-gmbh.net/wp-content/uploads/2016/05/Metzger-ENG-Flyer-Waschmaschine V08-eMail.pdf

33 Weight of the modelled multiple-use plastic crate is reported in Table 4.
34 Source: https://ec.europa.eu/eurostat/databrowser/view/ENV_WASPACR__custom_1226307/default/table?lang=en EU-28 countries, year 2018,
waste categories “paper and carboard packaging” and “plastic packaging”
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paper and cardboard packaging 82,9 17,1

plastic packaging 41,8 58,2

Boundaries for both systems and unit processes are shown in Figure 8 and Figure 9.
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Figure 8: Scheme of the Eol life cycle stage for CBs
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Figure 9: Scheme of the EoL life cycle stage for RPCs

In general, following the indications of Table 15, it is assumed for both systems that:

e environmental credits associated with the avoided production of virgin pulps and avoided

production of virgin granulate plastics are entirely attributed to the systems (Avoided
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burdens approach - baseline). The explanation regarding the approach taken for avoided
emissions is reported in the following paragraph “Approach for credits”

¢ Remainder of wastepaper material fractions and waste plastics are entirely incinerated
with energy recovery. Environmental credits associated with the avoided provision of
average electricity from grid and thermal energy are entirely attributed to the systems.

Recycling
To represent an appropriate recycling scenario as well as to account for environmental credits of

recycling in the single-use system, gate-to-gate inventory data of a dedicated recycling process
for wastepaper recycling is implemented by using a hybrid approach, as introduced in section
3.2.1.2. For the calculation of the repulping of wastepaper, FEFCO’s LCI is divided in two inputs:
one related to the pulp production, and the other related to the paper machine.

For the first input, 150 kWh electricity per ton of pulp is considered (see Table 6.1 in Suhr et al.,
2015). For the second input, 550 kWh electrical energy demand per ton is considered (see Table
7.11 in Suhr et al., 2015), and 403 kWh thermal energy demand per ton (see Table 2.9 in Suhr et
al., 2015). By using these shares, the total share of purchased electricity demand for recovered
pulp production is estimated at around 37 kWh/ton with a self-generated energy demand
estimated at around 526 kWh/ton. Therefore, the share of fossil fuels used for internal energy
demand is estimated at around 552 MJ/ton. The latter is therefore assumed to be required to
have 1 ton of fiber in an integrated mill process. Wastepaper is therefore recycled to wet
pumpable pulp, which is identified as output of this process.

The resultant LCI describes the recycling of wastepaper from placing the recovered wastepaper
into the pulper to recovered pulp (see Table 16). This LCI considers mechanical and agitation
processes and refers to 1 ton of recovered pulp - details of the LCI are reported in appendix (see
Appendix 1).

Table 16: Primary data for wastepaper paper recycling implemented by means of inventory data and own

modelling
Provider process D E] ] Source Geographical Reference
name classification coverage value
Wastepaper recycling | Hybrid data Calculations and Europe 1,000 kg
to wet pulp (primary and expert judgment
secondary)

Table 17 reports the database entries adopted in the model.

Table 17: Secondary data for for wastepaper paper recycling

Provider process Data Source Geographical
classification coverage

Residual grid mix Secondary Sphera EU-28+3
data

Hard coal mix Secondary Sphera EU-28
data

Lignite mix Secondary Sphera EU-28
data

Diesel mix at refinery Secondary Sphera EU-28
data

Light fuel oil at refinery Secondary Sphera EU-28
data
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Provider process Data Source Geographical
classification coverage

Natural gas mix Secondary Sphera EU-28
data

Heavy fuel oil at refinery Secondary Sphera EU-28
data

Hydrogen peroxide Secondary Sphera EU-28
data

Thermal energy from biomass Secondary Sphera EU-28
data

Maize starch production Secondary Ecoinvent 3.7.1 DE
data

market for alkylketene dimer sizing Secondary Ecoinvent 3.7.1 RER (EU)

agent, for paper production data

Municipal waste in waste incineration | Secondary Sphera EU-28

plant data

Municipal wastewater treatment Secondary Sphera EU-28

(sludge incineration) data

Paper and board (water 0%) in waste | Secondary Sphera EU-28

incineration plant data

Tap water from groundwater Secondary Sphera EU-28
data

Municipal wastewater treatment Secondary Sphera EU-28

(mix) data

Secondary inventory data is implemented to represent a recycling scenario in the multiple-use

system, as reported with database entries adopted in the model in Table 18.

Table 18: Secondary data for for plastic crates recycling

Provider process

Data
classification

Source

Geographical

coverage

Residual grid mix Secondary Sphera EU-28+3
data

treatment of waste polyethylene, for | Secondary Ecoinvent 3.7.1 CH

recycling, unsorted, sorting data

Plastic granulate secondary Secondary Sphera EU-28
data

Approach for credits

By adopting a closed-loop approximation for the EoL modelling (as done consistently for both
systems and introduced in Section 3.1.5) it is assumed that the system is not affecting the
secondary material market by potentially displacing recycled materials from other products.
Therefore, this assumption is less disputable and circumvents the open-loop allocation problem

(see also section 3.1.5).

To model the avoided environmental emissions in the multiple-use system, the same composition
of granulated plastic is used for the RPC (see section 3.2.3.1: Multiple-use system).

To model the avoided environmental emissions in the single-use system (CB system), the

following approach is taken:
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e Itis assumed that the recycled pulp as output of the wastepaper recycling is substituted
by virgin pulp

e The point of substitution (functional equivalence) of the CB life cycle following the
wastepaper recycling process is wet pulp ready to pump onto the paper machine.
However, the available data for virgin pulp in database sets (e.g., Ecoinvent) is linked to
the production of market pulp (dry market pulp). Therefore, dry market pulp is considered
in the baseline scenario. Therefore, dry market pulp is considered in the baseline scenario,
since it is line with the current PEFCR3> guidelines for paper intermediate products. For full
transparency, a sensitivity analysis is presented by assuming wet pulp as different point
of substitution (see 3.3.4 section for further description)36.

e Itis assumed in the baseline scenario that credits for avoided emissions of virgin pulp
products are assigned by considering similar paper grades that compose a CB: 53%
kraftliner and 47% semi-chemical fluting (see section 3.2.3.1: Single-use system).

e The following dry market virgin pulps are considered: 53% chemical pulp and 47%
mechanical pulp.

e The chemical pulp is assumed to be sulphate pulp.

e The mechanical pulp is assumed to consist of one third stone groundwood pulp, one third
thermo-mechanical pulp and one third chemi-thermomechanical pulp. This assumption is
made to create a technology mix, given a lack of more detailed information on the semi-
chemical fluting part and due to lack of information regarding semi-chemical pulp
production in databases. For these three virgin pulp production products, life cycle
inventory datasets are available in the Ecoinvent database.

e Inputs of the model are shown in Table 19.

Table 19: Secondary data for virgin pulp production

Provider process Data Source Geographical
classification coverage

Sulfate pulp production, from softwood, Secondary ecoinvent Europe (RER)

unbleached data 3.7.1

Stone groundwood pulp production Secondary ecoinvent Europe (RER)
data 3.7.1

Thermo-mechanical pulp production Secondary ecoinvent Europe (RER)
data 3.7.1

Chemi-thermomechanical pulp production Secondary ecoinvent Europe (RER)
data 3.7.1

In order to evaluate this approach against other virgin paper grades, a sensitivity analysis is
conducted by considering different scenarios, described in Section 3.3.4.

Incineration
Wastepaper and plastic waste incineration processes are implemented next to inventory data on
the recycling process, distinct (see Table 20).

Table 20: Secondary data for waste incineration processes

Provider process Data Source Geographical

classification coverage
Paper and board (water 0%) in waste Secondary Sphera EU-28
incineration plant data

35 https://ec.europa.eu/environment/eussd/smap/pdf/PEFCR Intermediate%?20paper%20product Feb%202020.pdf
36 This approach takes into account indications for improvement by the third-party review panel.
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Provider process Data Source Geographical
classification coverage
Polyethylene (PE) in waste incineration plant Secondary Sphera EU-28
data

In order to account for environmental benefits associated with the recovered energy during
incineration processes, electricity as well as thermal energy are implemented as avoided burdens
(see Table 21).

Table 21: Secondary data for avoided provision of energy due to energy recovery from waste incineration

Provider process Data Source Geographical
classification coverage
Residual grid mix Secondary Sphera EU-28+3
data
Thermal energy from natural gas Secondary Sphera EU-28
data

Transport processes during EoL treatment are implemented with the entry reported in Table 22.

Table 22: Secondary data for transport in EoL treatment

Provider process Data Source Geographical
classification coverage

Truck-trailer, Euro 5, 34 - 40t gross Secondary Sphera GLO

weight / 27t payload capacity data

3.3 Impact assessment results

By using the baseline models for both systems, impact results are provided, and main
contributors to the results are presented per each impact category. The relevant comparative
assertion is shown as “aggregated total” values in the respective figures (see dashed bars and
absolute numbers in figures), thus accounting for all positive and negative impact contributions
within a system.

3.3.1 Baseline comparison results3?

The following sections present the potential impacts per category and allow for a comparison
between the two systems. Moreover, a contribution analysis is facilitated by showing contributions
from certain life cycle stages within the respective systems. For dealing with negative values, the
approach suggested in the PEFCR32 is taken: the percentage impact contribution for any process
is calculated by using absolute values (i.e., the minus sign is ignored). This procedure allows to
consider the relevance of any credits (e.g., from avoided emissions at EoL) to be identified.
Consequently, the total impact score is recalculated including the converted negative scores and
set to 100%. Percentage impact contribution for any process is assessed to this new total impact
score.

37 Results for the raw material production and manufacturing life cycle stage in the single-use system are differentiated between kraftliner
production, semi-chemical fluting production, and corrugated board production (which exclude paperboard manufacturing, accounted in their
relative contributions).

38 Source: PEFCR Guidance, available at https://ec.europa.eu/environment/eussd/smgp/pdf/PEFCR guidance v6.3.pdf
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3.3.1.1 Acidification
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Figure 10: EF-Acidification [mol H+ equivalents], Functional unit, for transporting 1 ton of good: SU system:

73,3 kg of CB, MU system: 7,2 kg of RPC

The most relevant sources of emissions to the Acidification impact category in the CB system are:
e Nitrogen oxides (42,4%), with the most relevant processes as kraftliner and corrugated

board production (38,3%)

e Sulphur dioxide (30,9%), with the most relevant processes as semi-chemical fluting
manufacturing (14,5%) and avoided emissions of mechanical pulp products (14,6%, this
is considered a credit, and it can be noted that chemical pulp plays a minor role in this

category).

The most relevant sources of emissions to the Acidification impact category in the RPC system

are:

e Sulphur dioxide (48,4%), with the most relevant process as raw material production and

manufacturing (RPC) (32,2%, mainly due to HDPE granulate production, followed by PP
granulate production)

Nitrogen oxides (40,8%), with the most relevant process as raw material production and
manufacturing (RPC) (24,6%, mainly due to HDPE granulate production, followed by PP

granulate production)

3.3.1.2 Climate Change, total
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Figure 11: EF-Climate change, total [kg CO2 Equivalents], Functional unit, for transporting 1 ton of good: SU
system: 73,3 kg of CB, MU system: 7,2 kg of RPC

The most relevant sources of emissions to the Climate change, total impact category in the CB
system are:

Carbon dioxide (91,7%), with the most relevant processes as semi-chemical fluting
(18,2%), board production (17,5%), kraftliner production (16%), and avoided emissions
(material) (23,5%, with main contributions of CTMP with 7,3% and TMP with 6,8% - this
is considered a credit, it can be noted that chemical pulp play a minor role in this
category)

Methane (group VOC to air) (4,9%), with the most relevant processes: with the most
relevant processes as raw material production and manufacturing (CB) (2,5%, mainly due
to corrugated board production).

The most relevant sources of emissions to the Climate change, total impact category in the RPC
system are:

Carbon dioxide (95,0%), with the most relevant processes as raw material production and
manufacturing (RPC) (34,4%, mainly due to HDPE granulate production, followed by PP
granulate produc