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Glossary

Allocation

fiPartitioning the input or output flows of a proces:
under study and one or mor e4040200& sectipnrP3A uct systemso

Background system

iThose processes, where due to the averaging effect
with average (or equivalent, generic data) can be assumed to appropriately represent the respective

process ¢é osepracésses that dre operated as part of the system but that are not under

direct control or decisive i nf(JRG0LE pp. 008 Astae producel
general rule, secondary data are appropriate for the background system, particularly where primary

data are difficult to collect.

Closed-loop and open-loop allocation of recycled material

i An eqgopatiocation procedure applies to open-loop product systems where the material is
recycled into other product systems and the materi al

i A ¢ |-laop alatation procedure applies to closed-loop product systems. It also applies to open-
loop product systems where no changes occur in the inherent properties of the recycled material. In
such cases, the need for allocation is avoided since the use of secondary material displaces the use

ofvirgin(primar y) materi al s. 0o
(ISO 14044:2006, section 4.3.4.3.3)
Comparative assertion

AEnvironment al claim regarding the superiority or e
product that performs the same function.o (1 SO 1404:

Critical Review

iProcess intended to ensure consistency between a ||
requirements of the I nternational Standards on 1ife
3.45).

Foreground system

fiThose processes of the system that are specific to
anal ysed i nJREREO, p.9d7A) This tymically includes first-tier suppliers, the

manufacturer itself and any downstream life cycle stages where the manufacturer can exert

significant influence. As a general rule, specific (primary) data should be used for the foreground

system.

Functional unit

AfQuantified performance of a pr odu@14048:3086fsectionf or us e
3.20)
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Life cycle

A view of a product system as ficonsecutive an
or generation from nat ur @30 14040s20086,sect®ors 3.1). dhisfincludes |
all material and energy inputs as well as emissions to air, land and water.

Life Cycle Assessment (LCA)

ACompilation and evaluation of the inputs, ou

d intel
di spo:
tputs

product system throughout ieton3?2) fe cycled (1 SO 1404«

Life Cycle Impact Assessment (LCIA)

iPhase of | ife cycle assessment ai med at wunde
significance of the potential environmental impacts for a product system throughout the life cycle of
t he pr od 4040:8004, 3eQi@h 3.4)

Life cycle interpretation

rstand,]

iPhase of | ife cycle assessment in which the findin:i
assessment, or both, are evaluated in relation to the defined goal and scope in order to reach

conclusions and recommendationso (1 SO 14040: 2006, sectio
Life Cycle Inventory (LCI)

iPhase of | ife cycle assessment involving the compi |
for a product throughout its I|life cycleo (1 SO 14040
Packaging efficiency

In this report, this term refers to packaging-to-product ratio, i.e. the less packaging material required

to provide the functional unit of fill volume, the more efficient the packaging is in delivering the

product.

Recycling and collection rates

Recycling and collection rates are both referred to in this report. The significant difference between

the two terms in practice is that recycling rates tend to be lower than collection rates because of

material losses during the sorting process (contamination and process inefficiencies). However,

these losses are not quantifiable by the authors of this study due to lack of available data. Recycling

rates themselves may also be variable depending on whether they are measured as the input of

recycling material into the recycling plant, or the output of recycled material from that plant. Unless

specified otherwise, collection and recycling rates as used in this report both refer to material inputs

into the recycling plant.

Sensitivity analysis

iSystematic procedures for estimating the effects of
on the outcome of a study.o (I SO 14044:2006, secti ol

System boundary

iSet of criteria specifying which (80 1404420@6C e s
section 3.32)

Value of scrap

Estimated environmental burdens associated with the provision of secondary material prior to
recycling (i.e. scrap). Calculated as the environmental impact of primary material minus the impact
of recycling.
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Executive Summary

The goal of the study is to conduct a Life Cycle Assessment (LCA) analyzing the environmental
performance of single-use, small-to-medium size aluminum cans and bottles compared to
competing alternative packages: PET bottles, glass bottles and beverage cartons in three different
markets: EU, US and Brazil. One focus of the study is on varying degrees of recycling rates and
recycled content to understand interdependencies between circular product design and
environmental impacts of different beverage packaging options.

The study has been commissioned by Ball Corporation. As the study includes comparative
assertions of different beverage packaging systems a Critical Review by an external panel was
performed.

The primary intended application of the study is to provide up-to-date and objective results in
various sustainability metrics of specific beverage packaging alternatives.

The main reason for carrying out the study is to identify the environmental hotspots of the aluminum

cands |ife cycle and r &Heaecondhry ragsoniisrio cangare anchconrastt e nt i al
various beverage packaging alternatives, with the intention of comparative assertions intended to

be disclosed to the public (except for confidential primary data), in three regional settings, using

different End of Life methods.

The study is intended for publication to beverage producers as the primary audience, but also to
provide credible communication material for retailers and other interested parties.

This study meets the requirements of the international standards for Life Cycle Assessment (LCA)
according to 1ISO 14040 (ISO, 2006) / ISO 14044 (1SO, 2006).

In three regional contexts, four beverage packaging alternatives in various sizes are compared. The
assessment includes raw material extraction and manufacturing of primary and secondary
packaging but excludes the beverages themselves. The system boundaries are cradle to grave,
thus including transports to filling and distribution, as well as end of life of the packaging materials.

In the EU, the political context made the Product Environmental Footprint Circular Footprint Formula
(PEF CFF) method the most up-to-date and relevant approach to handling secondary material
inputs and recycling credits. In the US, the cut-off approach is considered the most widely accepted
and practiced, whereas in Brazil the substitution approach is applied for baseline scenarios.
Alternative approaches were considered as scenarios for the EU and US.

In each region, a specific selection of 2-4 products per packaging material were purchased,
measured and weighed. Ball Corporation supplied primary data on can manufacturing, while all
other background and foreground data were based on industry averages and association datasets
from the GaBi Databases 2019.

To make the study an overarching reference materi al
sensitivity analyses are not only considered for data uncertainty but also to display variability in:

1 Collection/recycling rates 0-100%
1 Recycled content 0-100%

1 Lightweighting 5-10%

1 Glass bottle refill scenarios 0-20x
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1 Methodology (PEF CFF vs substitution, substitution vs. cut-off)

The LCIA includes global warming potential (EF 3.0 for Europe, TRACI for US and ReCiPe for
Brazil), acidification, eutrophication and other environmental impact categories. These traditional
LCA considerations are complemented by the material circularity indicator (MCI), developed by the
Ellen MacArthur Foundation and Granta Design. MCI measures how restorative the material flows
of a product are. While it does not consider material efficiency, it is a socio-economic metric which
is increasing in popularity and leverage among private and public stakeholders. It should be used in
conjunction with the LCA results to enable a more comprehensive understanding of product
sustainability.

Figures 1-1 to 1-3 provide an overview of the baseline performance of each packaging alternative
per region, showing the potential for variation in the climate change based on the influence of each
sensitivity analysis and scenario performed. This allows the user to easily see the potential
minimum climate change impact and the maximum worst recorded climate change impact,
assessed in this study. Further impact categories need to be considered as well, and can be found
in chapters 4.1.1, 4.1.2, 4.1.3 for the EU region, in chapters 5.1.1, 5.1.2, 5.1.4 for the US region and
in chapters 6.1.1, 0 and 6.1.4 for the Brazil region.

Variability in EF 3.0 Climate change [kg CO2 eq.]
across all scenarios and sensitivity analyses,
per liter of fill volume,
cradle-to-grave incl. transports

min M Baseline mmax

1.20
1.00
0.80

0.60
0.4

o “ 1 || 1 || || “ |I |I II

0.2
033L 05L 038L 0.50L 0.30L 050L  025L 1.00L 033L 0.25L 033L 0.50L
(©) (€©) (NC) (NC)

Beverage PET bottles Glass bottles Aluminum cans
cartons

o

(=]

Figure 1-1:Variability of the EF 3.0 Climate change [kg CO2 eq.] impact of products scaled to 1 liter of
fill volume, cradle-to-grave incl. transports, across all scenarios and sensitivity analyses in the EU.
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Variability in TRACI 2.1 Global warming air [kg CO2 eq.]
across all scenarios and sensitivity analyses,
per gallon of fill volume, cradle-to-grave incl. transports
us

min mBaseline mmax

6.00

5.00

4.00

3.00

2.00

- I II II I I
11.20z 16.90z 20z 16.90z (C) 16.90z (NC) 120z 160z

(ATB)

Beverage cartons PET bottle Glass Aluminum can

Figure 1-2:Variability of the TRACI 2.1 Global Warming Air [kg CO2 eq.] impact of products scaled to 1
gallon of fill volume, cradle-to-grave incl. transports, across all scenarios and sensitivity analyses in
the US.

Variability in Global Warming Potential excl. biogenic C [kg CO2 eq.]
across all scenarios and sensitivity analyses,
per liter of fill volume, cradle-to-grave incl. transports
BR, ReCiPe 2016

min ®Baseline mmax
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o
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Figure 1-3:Variability of the Global Warming Potential excl. biogenic C [kg CO2 eq.] of products scaled
to 1 liter of fill volume, cradle-to-grave incl. transports, across all scenarios and sensitivity analyses in
Brazil.

Conclusions from this study include:
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1 Packaging efficiency has a significant impact on the environmental burdens of the
packaging. A packaging container with a larger volume requires relatively less material to
provide a given quantity of product. This is an important factor to consider when making
comparisons across different packaging formats and sizes. It is important to note here, that
the study focused on small-to-medium sized products, not all beverage packaging types
and formats such as 2 liter or 1 gallon bottles.

1 Among non-carbonated beverages, the best performers in Europe and the US tend to be
PET bottles for water, where thin wall designs result in relatively small impacts. In Europe,
where non-carbonated PET bottles also covered a juice bottle, beverage cartons in fact
perform more consistently well. In Brazil, the 97% recycling rate of aluminum beverage
cans make them the best performer in all but one impact categories.

1 Among carbonated beverages, aluminum cans and PET bottles compete for most favorable
LCA results. In Europe, PET bottles tend to have somewhat more consistently high
performance, whereas in the US aluminum cans have a lower global warming potential and
acidification, while PET performs better in other impact categories. In Brazil, aluminum cans
are the best performers across all but one impact categories.

1 The regional variation in rankings has mostly to do with differences in recycled content and
recycling rates, but is also impacted by the choice of methodology: in the EU, the PEF CFF
method generates markedly higher impacts for aluminum cans with medium recycled
content and high recycling rates compared with lower impacts when other methodologies
are applied. With high recycled content and medium recycling rates, the US applies a
slightly more favorable method for aluminum cans (cut-off vs substitution). By contrast, in
Brazil both recycling and recycled content are at their highest among all regions and the
methodology most favorable to aluminum cans (substitution) has been applied.

1 Single-use glass bottles consistently show the highest environmental burdens across all
impact categories due to their high mass and energy intensive manufacturing process.
However, extensively reused bottles outperform single-use bottles..

1 Aluminum cans have the second highest improvement potential in terms of their
environmental footprint (see Figure 1-1 through Figure 1-3), which can be achieved, in
particular, by further increasing recycling rates and average recycled content.

i Cartons show no potential to improve by increasing recycling rates. This is because
recycled paper most often relies on external (fossil) energy sources, whereas virgin paper
when produced in integrated mills benefits from renewable energy carrier by-products.
However cartons can benefit from lightweighting.

1 The material circularity scores tend to correlate with findings on global warming potential for
aluminum cans, glass bottles and cartons. A notable exception are PET bottles. Aluminum
cans tend to outperform other packaging materials, as a result of the well-developed
infrastructure for collection, sorting and recycling, the extremely low yield losses during
recycling, and very high levels of recycled content, closing the material loop very well.
Despite the fact that fiber, polymer and aluminum layers in beverage cartons are difficult
and costly to separate, cartons achieve decent MCI scores. This is due to their renewable
main raw material, paperboard, which the MCI methodology assumes to be circular. Other
circularity methodologies do not equate renewable content as circular, rather look at
whether a material is recycled in reality. A near-perfect MCI can be achieved by refillable
glass bottles, if refilled many times. The notable differences between MCI scores and LCA
results (especially on climate change) stem from the fact that material and energy efficiency
are not taken into account by the MCI methodology. Therefore, it is strongly recommended
that any statement or decision should consider findings from environmental impact data
from LCAs in conjunction with MCI scores.
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Key limitations and considerations include:

il

Due to access to more granular and more recent aluminum and beverage can
manufacturing data, there is a data quality difference between the primary data used for
aluminum cans and the secondary data used for packaging alternatives. However, using
conservative assumptions and a range of scenarios and sensitivity analyses , results have
been checked for robustness and uncertainties highlighted to avoid any false conclusions.
While Brazilian baseline results include a refillable glass bottle, the European study
considers product refill and reuse as part of the sensitivity analyses. Other refill options and
deposit return schemes (DRS) have not been considered as part of this study because
market shares of refillable packaging alternatives in the regions considered are relatively
low, and because there is no reliable data available for the actual number of refill trips per
bottle. As far as DRS for recycling is concerned, the statistics used for this study does not
differentiate different types of collection systems. Excluding refill systems from the scope
has meant that only a part of the aspects of benefits and challenges of circular economy
could be explored. Refill systems have the theoretical potential to distribute manufacturing
impacts of all materials across several life cycles and thereby reduce impacts considerably.
However, the logistics are not to be underestimated and assessing the sustainability
potential of these systems requires more focus than was allotted in this study.

Production of the actual beverages is not included because this study focuses on beverage
packaging only, and it is assumed the beverage would have a comparable impact on the
LCA of each packaging type. If included and depending on the beverage considered, it is
expected that the beverage could significantly increase the absolute environmental impact
results and will put the packaging assessment and its conclusions into a different
perspective.

MCI scores should be considered when evaluating the sustainability credentials of different
packaging options, while recognizing that they do not account for material and energy
efficiency. Circularity scores should be understood as complementary to the main LCA
results to help interested stakeholders understand the bigger picture of product
sustainability in the context of economic, environmental and social considerations.

Key recommendations include:

1

The study findings indicate the paramount importance of enhancing circular systems,
especially for materials that have a high level of embedded energy such as aluminum and
glass. This entalils:
0 Increasing collection rates and real recycling of the collected materials,
0 Increasing recycled content,
o0 Maximizing the number of refills for refillable bottles,
0 Supporting the logistics of closing the product loop, i.e. providing the scrap input in
the quality and quantity that is required by the recycling system and those that
intend to incorporate recycled material in their packaging.

Given the different characteristics of packaging materials, each substrate can improve its
sustainability profile through a set of different optimization measures. As shown by this study and
the variability graphs above, some substrates have a higher potential to effectively reduce
environmental impacts than others. Lightweighting and energy-related measures, in particular
energy efficiency improvements and the use of renewable energy, are additional optimization
measures that can benefit different packaging options to varying degrees.
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Goal of the Study

The goal of the study is to conduct an LCA analyzing the environmental performance of single-use,
small to medium-size aluminum cans and bottles compared to competing alternative beverage
packages (i.e. PET bottles, glass bottles and beverage cartons) in three different markets: Europe,
US and Brazil. One focus of the study is explicitly on varying degrees of recycling rates and
recycled content to understand interdependencies between circular product design and
environmental impacts of different beverage packaging options.

The study has been commissioned by Ball Corporation and is intended to be disclosed to the public.
This excludes confidential primary data. As the study includes comparative assertions of different
beverage packaging systems, a panel of independent experts was assigned to carry out a critical
review of the study.

The intended applications of the study are

i to provide up-to-date and objective results of various environmental metrics for specific
beverage packaging alternatives;

1 to provide a comprehensive overview of product sustainability and potential for overall
improvement by complementing life cycle assessment results with the material circularity
(MCI) methodology, a socio-economic metric;

1 to apply the learnings of regional results to develop communication and/or product
marketing strategy, and in the medium term, further optimize product design;

1 to pinpoint the advantages and disadvantages of specific aluminum packaging types over
alternatives, and to provide a benchmark between most common beverage packaging
alternatives in the three regions (EU, US and BR).

The reasons for carrying out the study are

1 toidentify the environmental hotspots oft h e a |l u mi lfeucycle ana relatsed
optimization potential;

1 to understand the environmental advantages/drawbacks of beverage cans and bottles in
the specific context of each investigated region (EU, US and BR);

1 to understand sensitivity to End-of-Life methodology in general and recycling rates across
the span of 0-100% (all four materials, one EoL method, one region);

1 to compare the environmental impacts of various beverage packaging alternatives, with the
intention of comparative assertions intended to be disclosed to the public (except for
confidential primary data);

1 to provide comparative environmental impact information to brands and other interested
parties that may result in further market share growth of aluminum beverage cans;

1 to understand product material circularity;

T to inform and i mprove the commi ssioner6s corpor at

The study is intended for publication, to beverage manufacturers as the primary audience, but also
to provide credible communication material for retailers and other interested parties. By disclosing it
to the public, end-consumers are also potential audience, though not directly targeted by the
commissioner.
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This study meets the requirements of the international standards for Life Cycle Assessment (LCA)
according to ISO 14040 (ISO, 2006) / ISO 14044 (1SO, 2006).
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2.

Scope of the Study

The following sections describe the general scope of the project to achieve the stated goals. This
includes, but is not limited to, the identification of specific product systems to be assessed, the
product function(s), functional unit and reference flows, the system boundary, allocation procedures,
and cut-off criteria of the study.

2.1. Product Systems

The product systems to be studied are single-use, small to medium-size beverage packaging
alternatives for carbonated (c) and non-carbonated drinks (nc). Beverages are not included (see
chapter 2.3). A scenario overview for each region is given in Table 2-1, Table 2-2 and Table 2-3.
Details regarding the choice of EoL Scenarios can be found in chapter 2.4.2.

The sample product systems are treated as single use, however the PET bottles, glass bottles and
beverage cartons are resealable except for the beverage carton with straw. Aluminum cans are not
resealable except for the 160z AlumiTek bottle (ATB) manufactured in the US. The consequences
of resealability are not considered in this study because of uncertainties related to the beverage
contents and consumption patterns. Representative products have been selected by the
commissioner of this study as they are considered to be competing products in each of the three
regions.

Table 2-1: Packaging products and scenarios under study for the EU region (C: carbonated, NC: non-
carbonated)

Baseline Additional scenarios
EoL / EoL /
. . Treatment of | Treatment of
Material Sizes
secondary secondary
materials materials Collection rate Others
0.33L Substitution,
E:r\;irna}sge PEF CFF Substitution Collection rate 0- -
0.38L PET bottle weight reduction
PET bottle (C) 0.50L Substitution, by 5-10%
PEF CFF Substitution Collection rate 0-
PET bottle 0.30L 100% Manufacturing
(NC) 0.50L energy for blow molding
0.25L Substitution,
gli?]sslebgétg PEF CFF Substitution Collection rate 0- -
g 1.00L 100%
Glass bottle
(refillable) 0.33L |- - - Reuse bottle 0.33L (20x)
0.2 Substitution, Renewable ener
Aluminum can |0.33L | PEF CFF Substitution Collection rate 0- f ¢ 9y
100% or can manufacturing
0.50L
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Table 2-2: Packaging products and scenarios under study for the US region

Baseline Additional scenarios / sensitivity analyses
EoL /
Material Treatment of EoL / Treatment
secondary of secondary

Sizes materials materials Others

11.20z Beverage carton weight reduction by 5-
Beverage (0.33L) 3 - 10%
cartons 16.907 Cut-off Substitution

(0.50L) Recycled content 0-100%

12.00z PET bottle weight reduction by 5-10%
PET bottle (C)

16.90z Cut-off Substitution Manufacturing energy for blow molding
PET bottle 16.90z Recycled content 0-100%
(NC)

12.00z Glass bottle weight reduction by 5-10%
gliisslebggel:)e Cut-off Substitution

9 16.00z Recycled content 0-100%

12.00z Renewable energy for manufacturing
Aluminum 16.002 Cut-off Substitution Aluminum can weight reduction by 5-
can 10%

16.00z

(AlumiTek) Recycled content 0-100%

Table 2-3: Packaging products and scenarios under study for the BR region

Brazil

Baseline Additional scenarios
. . EoL / Treatment of
Material Sizes -
secondary materials
Beverage 0.20L
9 Substitution Collection rate 0-100%

cartons

1.00L

0.25L
PET bottle (C) 0.6L Collection rate 0-100%

Substitution

0.51L Manufacturing energy for blow molding
PET bottle (NC) |0.90L
(Czli?]zslebl?;g? 0355 Substitution i Collection rate 0-100%
Glass bottle 5, 10, 15, 20 0

. 0.60L -

(refillable) refills

120z

(0.355L)
Aluminum can 160z Substitution Collection rate 0-100%

(0.473L)

240z

(0.71L)
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2.2. Product Function(s) and Functional Unit

The function of the compared products is to contain beverages, enabling transportation, and
protecting beverages against mechanical stress and material loss up to their consumption. It is
understood that the minimum legal standards applicable to products coming in direct contact with
food and beverage for human consumption are fulfilled in all products in this study.

The LCA results are not meant to be compared between regions due to differences in the product
portfolios, regional waste management infrastructure, supply chains and preferred methodologies
for LCIA. As such, the functional unit is defined separately for each region under study,

1 1 liter fill volume of small to medium-size, single-use beverage packaging at point of sale for
the EU region;

1 1 gallon fill volume of small to medium-size, single-use beverage packaging at point of sale
for the US region;

1 1 liter fill volume of small to medium-size, single-use beverage packaging at point of sale for
the BR region.

Primary beverage packages under study are assumed to be technically equivalent regarding the
mechanical protection of the packaged beverage during transport, the storage and at the point-of-
sale.

It has to be mentioned that while the protective function regarding mechanical stress is comparable
among the different packaging systems, they differ in terms of physicochemical influences, i.e., UV-
transmittance and airtightness. While transparent packaging systems (PET, glass) are UV-
transmittant, tinted glass bottles, aluminum cans and beverage cartons are not. The shelf life of
certain beverages can be negatively influenced by the UV-permeability of the packaging.
Furthermore, aluminum cans are 100 % airtight while e.g. packaging systems with screw caps or
crown corks are not, which can also influence the shelf life of beverages. However, usually for the
choice of the ideal packaging system for a beverage regarding all potential protective functions,
those factors are already considered. Therefore, this study neglects potential differences in
protective performance.

For simplicity, products are assumed to be fully emptied and consumed® as consumer behavior is
not foreseeable, meaning the impacts of beverage residues cannot be taken into account. Beverage
manufacturing, cooling for quality and losses at any part of the chain are not considered in this
study.

Furthermore, the aluminum cans compete with packaging products that only cover part of the
product palette aluminum cans may provide packaging for: from beer to juices and water,
carbonated and non-carbonated, the same aluminum can may be used. By contrast, cartons are
typically only used for non-alcoholic, non-carbonated beverages and PET bottles require different

! The different packaging systems may differ slightly regarding the amount of beverage remaining in
the packaging at the end-of-life, e.g., bottles can be emptied easier than beverage cartons and
aluminium cans. Even non-resealable product design may create differences from the product
shape and material. Increased product residues in the packaging lead to decreased amounts of
beverage consumed compared on a same volume base. However, these differences are not taken
into consideration in this study because they are expected to be very small and can therefore be cut
off.
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design when used for carbonated and non-carbonated contents (weights and layers change).
Therefore, a spectrum of packaging alternatives is compared with aluminum cans to cover the most
market-relevant applications and competing products.

The reference flow for the product systems is Beverage container (packed), including both the

primary and the secondary packaging. The fl ow has
kilograms. For each product, the reference flow was defined based on individual product mass and

volume, to arrive at the functional unit specified above.

Table 2-4: Reference flows (beverage container, packed) per product in the EU region.

Reference flow (kg) per Pieces of product per

Packaging material

functional unit (liter) functional unit (liter)

0.33L 0.05 3.03
Beverage cartons

0.50L 0.08 2

0.38L 0.08 2.63
PET bottle (c)

0.50L 0.05 2

0.30L 0.07 3.33
PET bottle (nc)

0.50L 0.03 2

i 0.25L 0.73 4

Glass bottle (single-use)

1.00L 0.52 1
Glass bottle (re-fillable) 0.33L 0.59 3.03

0.25L 0.07 4
Aluminum can 0.33L 0.08 3.03

0.50L 0.04 2

Table 2-5: Reference flows (beverage container, packed) per product in the US region.

Reference flow (kg) Pieces of product

Packaging material per functional unit per functional unit
(gallon) (gallon)

11.20z 0.42 11.5
Beverage cartons

16.90z 0.62 7.57

120z 0.28 10.7
PET bottle (c)

16.90z 0.29 7.57
PET bottle (nc) 16.90z 0.09 7.57

) 120z 3.97 10.7

Glass bottle (single-use)

160z 1.97 8

120z 0.22 10.7
Aluminum can / bottle 160z 0.28 8

160z (AlumiTek) 0.28 8
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Table 2-6: Reference flows (beverage container, packed) per product in the BR region.

Reference flow (kg)

Pieces of product per

Packaging material per functional unit functional unit (liter)
0.20L 0.06 5
Beverage cartons
1.00L 0.05 1
0.25L 0.08 4
PET bottle (c) 0.51L 0.05 1.96
0.6L 0.04 1.67
PET bottle (nc) 0.90L 0.05 111
Glass bottle (single-use) | 0.355L 0.63 2.82
Glass bottle (re-fillable) 0.60L 0.74 1.67
120z 0.05 2.82
Aluminum can 160z 0.04 2.11
240z 0.04 141

2.3. System Boundary
The study considers cradle-to-grave systems from production of raw materials up to end-of-life,
including:
1 raw material manufacturing;
9 transport of raw materials to bottle/can manufacturing - these were only included for main
raw materials, whenever data was available (aluminum cans and beverage cartons) (see
details in section 3.2);
9 transport of final packaging systems to filling plant;
9 transport of final packaging (empty) to retailer; secondary packaging (e.g. corrugated carton
boxes and/or trays, shrink foil);
1 in some specific cases reuse is considered in the use phase; this includes bottle washing
and additional logistics (see details in 3.3.1 and 3.5.1)
1 End-of-Life (incineration, landfill and recycling).

Details to the specific system boundaries can be found in the corresponding descriptions of
the regions of the different product systems (chapter 3.3, chapter 3.4 and chapter 3.5).

Excluded are

f

Packaging materials except the final beverage packaging under study (primary and
secondary packaging) because they are expected to have a negligible influence on the
overall results and because they were not consistently available. In detail, this includes the
following packaging materials:
0 packaging of pre-products used for the manufacturing of packaging systems
0 packaging used to transport empty beverage containers to filling plant
o tertiary packaging (e.g. wood pallets and shrink foil) .To justify this exclusion a
scenario has been calculated for a beverage carton including tertiary packaging in
Annex G: Tertiary Packaging.
the filling process as there are not many differences expected between the compared
products and the energy consumed is not expected to make a significant difference;
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1 cooling of beverages because not all products require cooling and therefore, overall results
would not be comparable. Aluminum is expected to benefit from the cooling requirements
compared with other materials, see (ICF International , 2016). Besides the fact that
aluminum could benefit from an inclusion of the cooling process, other beverages requiring
little or no cooling would also benefit in a direct comparison of total LCA results;_

1 the beverage manufacturing including its ingredients and additives, as this study is intended
to compare beverage packages?;

1 any wasted beverage products as there are not many differences expected in terms of e.g.
spillages etc.;

1 consideration for the durability and protective capabilities of the packaging, as the use
phase and shelf life are not focal points for this study. One should note that aluminumé s
intrinsically protective properties are thus not taken into consideration, making the study
results very conservative;

1 capital goods such as processing machines, trucks and buildings are excluded in the
foreground system. For industrialized production of goods in high volumes, the impact of
this infrastructure is commonly negligible for most impact categories when applied to fast
moving consumer goods;

1 while product re-use is considered in sensitivity analyses, refill schemes are excluded
because the market share for refillable packaging alternatives in the regions considered is
generally very small. For instance, the UK is a key consumer of the beverage packaging
systems considered in this study and had a market share of <10% refillable beverage
packaging in 2017 (FEVE, 2018). Excluding refill systems from the scope has meant that
only a part of the aspects of benefits and challenges of circular economy could be explored.
Refill systems have the theoretical potential to distribute manufacturing impacts of all
materials across several life cycles and thereby reduce impacts considerably. However, the
logistics are not to be underestimated and assessing the sustainability potential of these
systems requires more focus than was allotted in this study.

The system boundaries are depicted for each product system in the Life Cycle Inventory in section
3.2 and summarized in Table 2-7.

2 Beverage production was not included in this study because it is assumed that the influence to the overall
LCA results to all packaging systems under study would be comparable. Beverages usually contribute to the
largest share (>60 %, expert judgement based on a variety of internal, non-official studies) to the carbon
footprint of a packaged beverage. It can be expected that the overall LCA results would increase significantly
for many of the environmental impacts under study if beverages were included.
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Table 2-7: System boundaries

Included Excluded

\%
\%

<K<K <KKL

Manufacturing of raw materials U Packaging of raw materials/pre-
Transport of raw materials to products

manufacturing, Production of beverages

if available Tertiary Packaging

Transport to filling station Packaging to filling station
Secondary packaging Filling and refilling process
Distribution to retailer Cooling of filled beverage containers
Reuse, if applicable Capital Goods

End of Life (incineration, landfill and

recycling)

cccccc

2.3.1.

2.3.2.

2.3.3.
f

Time Coverage

The time reference for primary data collected for the aluminum cans is 2018.

The time reference for all other beverage containers is also 2016-2019, as the products
were purchased, weighed and measured in 2019 July through September.

It is assumed that the results are valid at least/at most for the next 5 years or for as long as
no significant technological changes occur in the manufacturing of the compared products;
The collection data is documented in detail in chapter 3.

The actual temporal representativeness and overall data quality has been assessed in
chapter 7.4.

Technology Coverage

The intended technology reference is the most current available industry average; even
though Ball has provided primary data for can manufacturing, the regional data included
averages across various sites;

The competing packaging products also aim to represent current industry averages. The
technological coverage regarding beverage cartons can be considered good based on
recent discussions with the corresponding association. The dataset is considered to be up
to date and representative. The PET bottle blow-molding process was approximated with
blow-molding process of HDPE bottles, and therefore has a lower technological
representativeness. In terms of energy consumption, however, the dataset was compared
with other datasets ( e . g . Pl ast i cly&ailabte PETO®W rhoalding dataset)
and has been found a very close match. Sensitivity analyses are performed to account for
an uncertainty in both direction, as the exact impact is not known (see more in 4.5.4, 5.5.3
and 6.4.3). For glass bottles, association data for container glass was used, which can be
considered representative of the industry average;

The data collection is documented in detail in chapter 3

The actual technological representativeness and overall data quality has been assessed in
chapter 7.4

Geographical Coverage

The intended geographical reference of the study is tri-focal: Europe (focus on United
Kingdom and France), US and Brazil
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1 The geographical coverage of the data used is documented in detail chapter 3
1 Overall representativeness and quality of the data used has been assessed in chapter 7.4.

2.4. Allocation

2.4.1. Multi-output Allocation

Liquid packaging board (LPB, used to make composite carton beverage containers like those by
Tetra Pak or Elopak) has been mass allocated. Multi-output allocation generally follows the
requirements of ISO 14044, section 4.3.4.2. In the LCI dataset of liquid packaging board production
by ACE (2011) there are two co-products listed, tall oil (19.3kg / 1000kg LPB) and turpentine (1.3kg
/ 1000kg LPB). Mass allocation has been applied to distribute the environmental burdens between
the main and co-products. This approach does not differ from other comparative studies (Ifeu,
Comparative Life Cycle Assessment of TetraPak® carton packages and alternative packaging
systems for liquid food on the Nordic market, 2017).

Beyond this, there are no significant multi-output processes within the foreground system. As a
result, all impacts from the foreground system are fully allocated to the products under study.

Allocation of background data (energy and materials) taken from the GaBi 2019 databases is
documented online at http://www.gabi-software.com/deutsch/my-gabi/gabi-documentation/gabi-
database-2019-Ici-documentation/.

2.4.2. End-of-Life Allocation

End-of-Life allocation generally follows the requirements of ISO 14044, section 4.3.4.3. The text
below describes all methods applied in this study, while the next chapter will explain where each of
those approaches have been used and why. The decision for which methodological approach
should be chosen for each product system were taken in a joint process with the commissioner,
based on the regional significance and acceptance of the methodology. In order to also produce
comparable results for all product systems, a substitution approach was included in all systems
(either as a main scenario or as an additional scenario). The substitution approach is most
commonly used as it enables the best observation for the impact of variable recycling rates, which
is a focal point for this study.

Material recycling

I substitution approach: A value of scrap burden was calculated for the input amount of scrap
metal (i.e. recycled content enters the product system with corresponding burdens), while
recovered material at the End of Life was assigned a credit. Although common in many
metal-focused studies, a net scrap approach was not used here (i.e., scrap collected at EoL
is reduced by any scrap inputs to the product system). The original burden of the primary
material input is allocated between the current and subsequent life cycle using the mass of
recovered secondary material to scale the substituted primary material, i.e., applying a
credit for the substitution of primary material so as to distribute burdens appropriately
among the different product life cycles. These subsequent process steps are modelled
using industry average inventories.

1 cut-off approach: Any open scrap inputs into manufacturing remain unconnected. The
system boundary at end of life is drawn after scrap collection to account for the collection
rate, which generates an open scrap output for the product system. The processing and
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recycling of the scrap is associated with the subsequent product system and is not
considered in this study.

1 PEF CFF: The PEF EolL formula aims to find a market-driven balance between the
substitution and the cutoff approach. An all ocat
material and application (e.g., aluminum cans, PET bottles etc.), can be found in Annex B:
of the guidance document. The factor distributes the burdens/credits from the above-named
approaches to the product system.An al | ocation factor of fi00 enab
appr oach whereas a f act o-approath. Ifdrder tecappiyheRE: t he cut ¢
CFF, the prescribed values for the factor must be taken from Annex C (European
Comission, 2018) and range between 0.2 and 0.8. The lower value of 0.2 is used for
recyclates in high demand such as aluminum or glass, whereas the higher value of 0.8 is
applied for recyclates that are currently not in high demand.

Energy recovery

9 substitution approach: In cases where materials are sent to waste incineration, they are
linked to an inventory that accounts for waste composition and heating value as well as for
regional efficiencies and heat-to-power output ratios. Credits are assigned for power and
heat outputs using the regional grid mix and thermal energy from natural gas. The latter
represents the cleanest fossil fuel and therefore results in a conservative estimate of the
avoided burden, while it may not be a conservative assumption specifically for cans,
because materials with high energy recovery value receive lower credits when substituted
with the cleanest energy source.

1 Cut-off: see below

Landfilling

1 substitution approach: In cases where materials are sent to landfills, they are linked to an
inventory that accounts for waste composition, regional leakage rates, landfill gas capture
as well as utilization rates (flaring vs. power production). A credit is assigned for power
output using the regional grid mix.

1 Cut-off: see below

Energy recovery & landfilling

1 cut-off approach: Any open scrap inputs into manufacturing remain unconnected. The
system boundary includes the waste incineration and landfilling processes following the
polluter-pays-principle. In cases where materials are sent to waste incineration, they are
linked to an inventory that accounts for waste composition and heating value as well as for
regional efficiencies and heat-to-power output ratios. In cases where materials are sent to
landfills, they are linked to an inventory that accounts for waste composition, regional
leakage rates, landfill gas capture as well as utilization rates (flaring vs. power production).
Power from landfill gas may only be considered in case of biodegradable material included
in the product, but not for aluminum, glass or plastics. No credits for power or heat
production are assigned.

1 CFF: The PEF EolL formula aims to find a market-driven balance between the substitution
and the cutoff approach. In order to apply the PEF CFF, the prescribed values for
incineration with and without energy recovery, and landfill are taken from Annex C
(European Comission, 2018) of the PEF Guide.
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2.5. Cut-off Criteria

No cut-off criteria for the foreground system are defined for this study within the primary data
collection. As summarized in section 2.3, the system boundary was defined based on relevance to
the goal of the study. For the processes within the system boundary, all available energy and
material flow data have been included in the model. It has to be mentioned that for the US region,
the cut-off-method is applied for the EoL whereby credits as well as secondary materials are outside
of the system boundaries unlike in other regions. In order to check whether this has a significant
effect on the outcome, a substitution approach was also modelled.

In cases where no matching life cycle inventories are available to represent a flow, proxy data have
been applied based on conservative assumptions regarding environmental impacts.

The choice of proxy data is documented in Chapter 3. The influence of proxy data on the results of
the assessment has been carefully analyzed and is discussed in Chapter 7.4.

2.6. Selection of LCIA Methodology and Impact Categories

Three different markets are in scope of this study. For each market one relevant set of indicators
has been identified as representative:

1 EU region: Environmental Footprint 3.0,
I USregion: TRACI 2.1,
1 BRregion: ReCiPe 2018,

The impact assessment categories and other metrics considered to be of relevance to the goals of
the study are shown in the respective tables. Not every single category will be shown in the result
tables of the main report. However, they can be found in Annex F: Extended LCIA Results.

It shall be noted that the below mentioned impact categories represent impact potentials, i.e., they
are approximations of environmental impacts that could occur if the emissions would (a) actually
follow the underlying impact pathway and (b) meet certain conditions in the receiving environment
while doing so. In addition, the inventory only captures that fraction of the total environmental load
that corresponds to the functional unit (relative approach). LCIA results are therefore relative
expressions only and do not predict actual impacts, the exceeding of thresholds, safety margins, or
risks.

As this study intends to support comparative assertions to be disclosed to third parties, no grouping
or further quantitative cross-category weighting has been applied. Instead, each impact is discussed
in isolation, without reference to other impact categories, before final conclusions and
recommendations are made.

2.6.1. Region: EU

Various impact assessment methodologies are applicable for use in the European context, including

CML, ReCiPe, and selected methods recommended by the ILCD. This assessment is

predominantly based on the compilation of impact categories recommended by the Product

Environmental Footprint Guidelines. Implementations in the Life Cycle Assessment software, GaBi

92, follow the European Commission Joint Research Ce
published in March 2019.
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This collection of indicators applicable to the European context includes some widely used and
respected indicators and LCIA methodologies, e.g. from the well-known ReCiPe or CML
methodologies, as well as some less known methodologies and others still under debate by the
scientific community. However, since the framework has gained broad attention from industry and
academia alike due to its potential application in future EU regulations, it was deemed as the right
set of impacts to evaluate for a study in the European context.

The impact assessment categories and other metrics considered to be of high relevance to the
goals of the project are shown in Table 2-8 and Table 2-9.

Climate change (Global warming potential, impact category) was chosen because of its high public
and institutional interest due to their environmental relevance and international acceptance
(confirmed by the IPCC). The calculation methods are scientifically and technically valid (Guinée, et
al., 2002). The impact category climate change is assessed based on the current IPCC
characterization factors taken from the 5th Assessment Report (IPCC, 2013) for a 100-year
timeframe (GWP100) as this is currently the most commonly used metric.

The climate change results exclude the photosynthetically bound carbon (also called biogenic
carbon). Because the products are fast moving consumer goods, the CO2 incorporated by the
plants upstream will be degraded predictably within 100 years, and will thus be released back into
the atmosphere. Therefore, the biogenic carbon is not sequestered and will be carbon neutral over
the life cycle of the product unless this carbon is converted into methane, in which case the impact
is considered.

Eutrophication and acidification were chosen because they are closely connected to air, soil, and
water quality and capture the environmental burdens associated with commonly regulated
emissions such as NOx, SOz and others. Eutrophication, marine and terrestrial, and Photochemical
ozone creation potential are reported in the Annex F: Extended LCIA Results, as their trends in the
results are expected to be similar to the main results reported in chapters 4-6..

Blue water consumption, i.e., the anthropogenic removal of water from its watershed through

shipment, evaporation, or evapotranspiration, as well as the Water scarcity footprint (WSF)

according to the AWaRe method (UNEP, 2016), both, have a high political relevance. The UN

estimates that roughly a bill i on cfeadainkingwaien t he pl an:
which entails a variety of problems around ecosystem quality, health, and nutrition. They are

included for reasons of completeness in the Annex F: Extended LCIA Results. Results from the

water scarcity footprint are to be interpreted with care as the underlying association data in the

study does not allow for a reliable water scarcity assessment.

The Montreal Protocol on Substances that Deplete the Ozone Layer was implemented in 1989 with
the aim of phasing out emissions of ozone depleting gases. The protocol has been ratified by all
members of the United Nations 7 an unprecedented level of international cooperation. With a few
exceptions, use of CFCs, the most harmful chemicals, has been eliminated, while complete phase
out of less active HCFCs will be achieved by 2030. As a result, it is expected that the ozone layer
will return to 1980 levels between 2050 and 2070. In addition, no ozone-depleting substances are
emitted in the foreground system under study. For these reasons, ozone depletion potential is not
considered in this study. The indicator is, however, included for reasons of completeness in the
Annex F: Extended LCIA Results.

Land use is only included in the Annex, as it has little relevance for the production processes in
question. Further impact categories were excluded from the report but included in the Annex based
on the descriptions provided in (Guinée, et al., 2002) related to their fulfilment of ISO criteria:
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Human toxicity and ecotoxicity impact categories have got a high uncertainty and are, similar to
ionizing radiation, still being discussed in the scientific community.

Despite 20 years of research, there remains no robust, globally agreed upon method - or even
problem statement - for assessing mineral resource inputs in life cycle impact assessment
(Drielsmaa, et al., 2016). One may further argue that the concern regarding the depletion of scarce
resources is paviasnmeohahd O6ne, but rather about
supply shortages. These shortages, in return, are driven by various factors that are not captured
adequately by current metrics. Accordingly, resource criticality has emerged as a separate tool to
assess resource consumption (Nassar, et al., 2012; Graedel & Reck, 2015). However, a complete
criticality assessment is out of scope for this work. Therefore, this study simply reports the CML
(Institute of Environmental Sciences, Faculty of Science of Leiden University) assessment of abiotic
depletion potential (ADP) (van Oers, de Koning, Guinée, & Huppes, 2002), because the
implementation of the EF 3.0 impact category in GaBi is not fully in line with the background data of
ILCD compliant GaBi datasets®.

Table 2-8: EF 3.0 impact category descriptions

Impact Category |Description Reference Main| Annex
report

Climate change |A measure of greenhouse gas kg CO2 (IPCC, 2013) \Y

(GWP100) emissions, such as CO2z and methane. |equivalent

These emissions are causing an
increase in the absorption of radiation
emitted by the earth, increasing the
natural greenhouse effect. This may in
turn have adverse impacts on
ecosystem health, human health and
material welfare.

Eutrophication EUTREND model, Fraction of nutrients |kg P eq. (Struijs, van \% \%
freshwater reaching freshwater end compartment Wijnen, van
P) Dijk, &
Huijbregts,
2009)
Eutrophication EUTREND model, Fraction of nutrients |kg N eq. (Struijs, van \%
marine reaching freshwater end compartment Wijnen, van
(N) Dijk, &
Huijbregts,
2009)
Eutrophication Accumulated Exceedance (AE). Mole N eq. (European \%
terrestrial Change in critical load exceedance of Commission,
the sensitive area in terrestrial and main 2011)

freshwater ecosystems.

3 The ILCD flowlist allows use of molecules such as NaCl, whereas the EF 3.0 only characterizes single
substance flows (i.e. Na, Cl). The GaBi datasets have been built using the ILCD flowlist, and the EF
characterisations do not allow to apply them to such molecules/substances. As a consequence, resource flows
are not fully characterized and the EF 3.0 impacts are not reliable.
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Impact Category |Description Reference Main| Annex
report
Acidification Accumulated Exceedance (AE). Mole H+ eq. |(European \% \%
terrestrial and Change in critical load exceedance of Commission,
freshwater the sensitive area in terrestrial and main 2011)
freshwater ecosystems.
Photochemical Expression of the potential contribution |kg NMVOC (Van Zelm, et \%
ozone formation i |to photochemical ozone formation eq. al., 2008)
human health following the LOTOS-EUROS model.
Tropospheric ozone concentration
increases as NOx equivalents.
Ozone depletion |Ozone Depletion Potential (ODP) kg CFC-11 eq. |(WMO, 2014) \%
calculating the destructive effects on the
stratospheric ozone layer over a time
horizon of 100 years.
lonizing radiation |lonizing Radiation Potentials: The kBqg U235 eq. |(Frischknecht, \%
- human health impact of ionizing radiation on the Braunschweig,
population, in comparison to Uranium Hofstetter, &
235. Suter, 2000)
Land use Soil quality index based on the LANCA |Pt (Bos, Horn, \%
methodology Beck, Lindner,
& Fischer,
2016)
Cancer human Comparative Toxic Unit for human CTUh (Rosenbaum, \Y
health effects (CTUh). Estimated increase in morbidity et al., 2008)
in the total human population per unit
mass of a chemical emitted (cases per
kg).
Non-cancer Comparative Toxic Unit for human CTUh (Rosenbaum, \Y
human health (CTUh). The estimated increase in et al., 2008)
effects morbidity in the total human population
per unit mass of a chemical emitted
(cases per kg).
Resource use, Abiotic resource depletion fossil fuels  |MJ (van Oers, de \Y
energy carriers (ADP-fossil) Koning,
Guinée, &
Huppes, 2002)
Resource use, Abiotic resource depletion (ADP kg Sb eq. (van Oers, de \% \%
mineral and ultimate reserve). Koning,
metals Guinée, &
Huppes, 2002)
Respiratory Disease incidences due to kg of PM2.5 |Disease (Fantke, etal,, v
inorganics . incidences 2016)
emitted.
Water scarcity User deprivation potential (deprivation- |m3world eq. |(UNEP, 2016) \%
weighted water consumption)
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Table 2-9: Other environmental indicators for the EU region

Description Unit Reference Main Annex

report

Blue water A measure of the net intake |Liters of |(thinkstep, 2014) \%
consumption and release of fresh water water
across the life of the product
system. This is not an
indicator of environmental
impact without the addition of
information about regional
water availability.

CML2001 A measure of the depletion of |[kg Sb  |(van Qers, de \% \%
Abiotic non-living (abiotic) resources |eq.] Koning, Guinée,

Depletion (ADP |such as fossil fuels, minerals, & Huppes, 2002)

elements) and clay.

2.6.2. Region: US

TRACI 2.1 has been selected as it is currently the only impact assessment methodology framework
that incorporates US average conditions to establish characterization factors (Bare, 2012) (EPA,
Tool for the Reduction and Assessment of Chemical and other Environmental Impacts (TRACI) 1
User 6 s Ma n. Thelimpactzagsds@ment categories and other metrics considered to be of
relevance to the goals of the study are shown in Table 2-10 and Table 2-11.

Global warming potential (GWP) was chosen because it is of high public and institutional interest
and deemed to be one of the most pressing environmental issues of our time. The GWP impact
category is assessed based on the current IPCC characterization factors taken from the 5t
Assessment Report (IPCC, 2013) for a 100-year timeframe (GWP100) as this is currently the most
commonly used metric.

As this study is a cradle-to-grave study, the GWP results do not include photosynthetically bound

carbon (also called biogenic carbon), nor the release of that carbon during the use or end-of-life

phase as COs-.. Biotic CHa is taken into consideration with a reduced characterization factor of 22,3.

The results shall be s-tomrave studiesp Howvaever, IGWWPB resultsinclude a d | e
emissions from direct land use change which are calculated using the Direct Land Use Change
Assessment Tool* . This is consistent with PAS 2050-1:2012 (BSI, 2012) and WRI GHG Protocol

Product Life Cycle Accounting and Reporting Standard (WRI, 2011). For more information, please

refer to http://www.gabi-software.com/support/gabi/gabi-modelling-principles/. Emissions from land

use change are expected to be of low relevance in this study.

Eutrophication, acidification, and photochemical ozone creation potential were chosen because they
are closely connected to air, soil, and water quality and capture the environmental burden

4 http://blonkconsultants.nl/en/tools/land-use-change-tool.html
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associated with commonly regulated emissions such as NOx, SOz, VOC, and others.
Eutrophication, marine and terrestrial, as well as POCP will be reported in Annex D:

The Montreal Protocol on Substances that Deplete the Ozone Layer was implemented in 1989 with
the aim of phasing out emissions of ozone depleting gases. The protocol has been ratified by all
members of the United Nations i an unprecedented level of international cooperation. With a few
exceptions, use of CFCs, the most harmful chemicals, has been eliminated, while complete phase
out of less active HCFCs is estimated for 2030. As a result, it is expected that the ozone layer will
return to 1980 levels between 2050 and 2070. In addition, no ozone-depleting substances are
emitted in the foreground system under study. For these reasons, ozone depletion potential is not
considered in this study. The indicator is, however, included to improve completeness in Annex D: .

Water consumption, i.e., the anthropogenic removal of water from its watershed through shipment,
evaporation, or evapotranspiration, has also been selected due to its high political relevance. The
UN estimates that roughly a billion peopl e on
water, which entails a variety of problems around ecosystem quality, health, and nutrition. It is
included for reasons of completeness in the Annex F: Extended LCIA Results.

Additionally, the study includes an evaluation of human toxicity and ecotoxicity by employing the

USEtoxXE characterization model . -aJsidble appréachitosevatuate r ent | y

toxicity in LCA and is the consensus methodology of the UNEP-SETAC Life Cycle Initiative. The

precision of the current USEt oxE rohl@0i1a000tfe humanat i on

health and 101 100 for freshwater ecotoxicity (Rosenbaum et al 2008). This is a substantial
improvement over previously available toxicity characterization models, but still significantly higher
than for the other impact categories noted above. Given the limitations of the characterization
model s for each of these factors, results are
be used to make comparative assertions. Results of these indicators are included for reasons of
completeness in the Annex F: Extended LCIA Results.

Despite 20 years of research, there remains no robust, globally agreed upon method - or even
problem statement - for assessing mineral resource inputs in life cycle impact assessment
(Drielsmaa, et al., 2016). One may further argue that the concern regarding the depletion of scarce

resources is not as much aenabdukthe vulnerabilitynd markatsté one

supply shortages. These shortages, in return, are driven by various factors that are not captured
well by current metrics. Accordingly, resource criticality has emerged as a separate tool to assess
resource consumption (Nassar, et al., 2012; Graedel & Reck, 2015). However, a complete criticality
assessment is out of scope for this work. Therefore, the study at hand reports the assessment of
abiotic resources out of completeness reasons but gives out the warning to interpret its results
carefully.

Table 2-10: TRACI 2.1 impact category descriptions

Impact Category Description Unit Reference Main Annex
report

Global Warming A measure of greenhouse gas kg CO2 (IPCC, 2013) \Y \%

Air, excl. emissions, such as CO2 and equivalent

biogenic carbon methane. These emissions are
causing an increase in the absorption
of radiation emitted by the earth,
increasing the natural greenhouse
effect. This may in turn have adverse
impacts on ecosystem health, human
health and material welfare.
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Impact Category Description Unit Reference Main Annex
report
Eutrophication  Eutrophication covers all potential kg N (Bare, 2012) N \Y
impacts of excessively high levels of equivalent (EPA, Tool
macronutrients, the most important of for the
which nitrogen (N) and phosphorus Reduction
(P). Nutrient enrichment may cause and
an undesirable shift in species Assessment
composition and elevated biomass of Chemical
production in both aquatic and and other
terrestrial ecosystems. In aquatic Environment
ecosystems increased biomass al Impacts
production may lead to depressed (TRACI) T
oxygen levels, because of the User 6s
additional consumption of oxygen in Manual,
biomass decomposition. 2012)
Acidification A measure of emissions that cause kg SOz As for \% \%
acidifying effects to the environment. equivalent Eutrophicatio
The acidification potential is a n
measur e of @&apanityloe
increase the hydrogen ion (H*)
concentration in the presence of
water, thus decreasing the pH value.
Potential effects include fish mortality,
forest decline and the deterioration of
building materials.
Smog Air A measure of emissions of precursors kg Os As for V
that contribute to ground level smog equivalent Eutrophicatio
formation (mainly ozone Os), n
produced by the reaction of VOC and
carbon monoxide in the presence of
nitrogen oxides under the influence of
UV light. Ground level ozone may be
injurious to human health and
ecosystems and may also damage
crops.
Ozone Depletion A measure of air emissions that kg CFC-11 As for V
Air contribute to the depletion of the equivalent Eutrophicatio
stratospheric ozone layer. Depletion n
of the ozone leads to higher levels of
UVB ultraviolet rays reaching the
earthés surface w
effects on humans and plants.
Ecotoxicity A measure of toxic emissions which Comparative  (Rosenbaum, V
are directly harmful to the health of  toxic units et al., 2008)
humans and other species. (CTUN, CTUe)
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Table 2-11: Other environmental indicators for the US region

Indicator Description Unit Reference Main report  Annex
Blue water A measure of the netintake  Liters of water (thinkstep, V \Y
Consumption and release of fresh water 2014)

across the life of the product
system. This is not an
indicator of environmental
impact without the addition of
information about regional
water availability.

2.6.3. Region: BR

As advised by the University of Brasilia (Laboratory of Energy and Environment, Department of
Mechanical Engineering, Faculty of Engineering), the scientific community in Brazil predominantly
uses the ReCiPe methodology. Table 2-12: ReCiPe impact category descriptions below
summarizes the applicable references for each of the impact categories evaluated in this report. As
for EU and US, the selection of impact categories follows the logic of robustness, relevance and the
pattern of results. The latter means that i for the sake of brevity and a clearer focus i impact
categories with the same outcome in terms of order of results and underlying reasons (e.g. use of
fossil fuels and fossil material resources) will not be discussed in Chapter 4, but will only be listed
without interpretation in Annex F: Extended LCIA Results. Selected for inclusion are:

1 Climate change (Table 2-12)

Freshwater eutrophication (Table 2-12)

Terrestrial acidification (Table 2-12)

Freshwater consumption (Table 2-12)

Abiotic depletion, CML (Table2-13, i n pl ace of ReCi Pebs Fossil de
can be considered more robustly applied in the GaBi Databases).

= =4 —a A

The following impact categories are excluded from the interpretation based on lack of robustness:

1 Allimpact categories of Human Toxicity and Ecotoxicity
1 Depletion of fossil resources

The following impact categories are excluded from the interpretation based on similarity of patterns
to Climate change (driven by energy consumption):

1 Photochemical ozone formation i human health
1 Photochemical ozone formation i ecosystems
1 Fine particulate matter formation

1 lonizing radiation

The following impact category is excluded based on inconsistencies in background data:

Stratospheric ozone depletion i refrigerant use in aluminum association datasets are still contained
in some of the datasets, all of which are in fact banned substances and can be safely assumed to
be out of use.
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Table 2-12: ReCiPe impact category descriptions

Impact Category Description Unit Reference Annex
Climate change, A measure of greenhouse gas kg CO2>  (IPCC, 2013) \%
default, excl. emissions, such as COz and  equivalent
biogenic carbon methane. These emissions
are causing an increase in the
absorption of radiation emitted
by the earth, increasing the
natural greenhouse effect.
This may in turn have adverse
impacts on ecosystem health,
human health and material
welfare.
Freshwater Phosphorus increase in fresh kg P eq. (Helmes, Huijbregts, \%
eutrophication water Henderson, & Jolliet,
2012)
(Azevedo, Henderson,
van Zelm, Jolliet, &
M.A.J., 2013a)
(Azevedo, et al.,
2013b)
(Azevedo,
Development and
application of stressor
I response
relationships of
nutrients, 2014)
Terrestrial Ability of certain substances to kg SO2  (Van Zelm, Preiss, Van \%
acidification build and release H+ ions eg. Goethem, Van
Dingenen, &
Huijbregts, 2016)
Photochemical  Tropospheric ozone kg NOx  (Van Zelm, Preiss, Van \Y,
ozone formation population intake increase eg. Goethem, Van
T human health (M6M) Dingenen, &
Huijbregts, 2016)
Photochemical  Tropospheric ozone increase kg NOx  (Van Zelm, Preiss, Van \%
ozone formation, (AOT40) eg. Goethem, Van
ecosystems Dingenen, &
Huijbregts, 2016)
Stratospheric Ozone Depletion Potential kg CFC- (Hayashi, Nakagawa, \Y
ozone depletion (ODP) calculating the 11 eq. Itsubo, & Inaba, 2006)
destructive effects on the (De Schryver, et al.,
stratospheric ozone layer over 2011)
a time horizon of 100 years.
lonizing radiation Absorbed dose increase kBg Co-  (Frischknecht, \Y
60 eq. Braunschweig,
Hofstetter, & Suter,
2000)
(De Schryver, et al.,
2011)
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Impact Category Description Unit Reference Main report  Annex

Human Toxicity T Risk increase of cancer kg 1,4- (Van Zelm, Huijbregts, \Y

cancer disease incidence DCB eq. & Van de Meent, 2009)

Fossil depletion  Upper heating value kg oil eq. \%

Land use Occupation and time- mz2xyr (De Baan, Alkemade, \Y
integrated transformation annual & Koliner, 2013)

crop land (Elshout, Van Zelm,
Karuppiah, Laurenzi, &
Huijbregts, 2014)
(Kéllner & and Scholz,

2007)
Terrestrial Hazard-weighted increase in kg 1,4- . \Vj
ecotoxicity natural soils DCB eq.
Freshwater Hazard-weighted increase in kg 1,4- . \Y;
ecotoxicity fresh waters DCB eq.
Marine Hazard-weighted increase in kg 1,4- (Van Zelm, Huijbregts, \Y;
ecotoxicity marine waters DCB eq. & Van de Meent, 2009)
Fine particulate PM2.5 population intake kg PM2.5 (Van Zelm, Preiss, Van \Y,
matter formation increase eq. Goethem, Van

Dingenen, &

Huijbregts, 2016)
Freshwater Fresh water use m3 . \Y,
consumption
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Table 2-13: Other environmental indicators for the BR region

Indicator Description Reference Main Annex
report

Blue water A measure of the net intake Liters of (thinkstep, 2014) V \%

consumption and release of fresh water water

across the life of the product
system. This is not an indicator
of environmental impact
without the addition of
information about regional
water availability.

Abiotic Depletion A relative measure derived for kg Sbeg. (van Oers, de V V
Potential the extraction of elements, Koning,
minerals and fossil fuels. Guinée. &

Huppes, 2002)

2.7. Material Circularity Indicator

In addition to the impact categories and LCI metrics discussed above, this report also explores the
circularity of the products assessed. Product circularity relates to the concept of a circular economy,
an economic and industrial model which designs products and systems to be restorative and
regenerative rather than depleting finite virgin materials and creating high levels of waste.

Circularity is increasingly included in political agendas, for example the European Commission put
forwardthe NewCi r cul ar Economy Strategy to support t
increasing number of companies are also observing opportunity for growing business value by
adopting a circular economy strategy, as it theoretically captures additional value from products and
materials which might otherwise be discarded as waste. Reducing waste flows and resource
depletion can have significant benefits to the environmental performance of products and systems.
For these reasons, circularity is considered a critical aspect to capture in this study that goes

beyond traditional LCA considerations.

The Material Circularity Indicator (MCI) scores are calculated for each product using the
methodology described in Circularity Indicators - An Approach to Measuring Circularity (Ellen
MacArthur Foundation & Granta Design, 2015). MCI scores are assessed on a scale from 0-1. One
represents a theoretical perfectly circular product where all input and output flows are restorative
and there are no losses associated with activities such as recycling.

When measuring circularity, the mass of materials consumed is not considered in the MCI score.
Further, while the MCI metrics reveal the circularity of product, they do not account for material
efficiency nor the overall environmental impacts of the product itself. It is therefore essential that the
scores are used in tandem with the impact indicators provided by the LCA impact categories
discussed above, to identify whether pursuing product circularity is the best pathway to optimize the
environmental performance of the product.

For example, a product with high durability might have a high circularity score because it has an
extended number of use cycles, but much higher embodied environmental impacts. If the benefits of
pursuing the more circular product do not improve or even worsen the environmental impacts of the
original product, then a circular economy may not be the most desirable sustainability strategy in
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this instance. The results returned from a life cycle assessment (LCA) provide the knowledge to
determine whether this is the case.

In this study, material circularity assessment is included alongside the LCA to allow the user to
measure the actual environmental performance of products and consider the relevance of circular
strategies. The aim is to allow the user to understand how to fully optimize the environmental
performance of each packaging option by combining the knowledge provided from both tools.

Threemanaspects of the productédés | ife cycle influence

1 Proportion of input material flows that are restorative (i.e. from reused or recycled sources)

1 Proportion of waste flows that are used restoratively (i.e. reused or recycled at end of life),
including the efficiency of material recycling processes (material losses during recycling).

1 Product utility compared to that of an average product in the market. This can relate to use
intensity, serviceable lifetime, etc. For packaging applications, the number of refill cycles
can be considered a suitable measure of product utility, with single use items being the
average situation.

The current MCI methodology has been designed with a focus on non-renewable resources and the
report does not go into details regarding how to assess renewable resources (e.g. paper,
cardboard, biopolymers) i the Ellen MacArthur Foundation is in the process of further developing
the methodology to evaluate how to deal with such materials. In this study it is assumed that
renewable resource inputs such as fibers used in beverage cartons and secondary packaging are
sourced sustainably. This is because some of the biggest producers of the paper and carton
products assessed in this study have declared certified sustainable sourcing by the FSC. As such,
the position was adopted that these inputs are completely restorative and so resource scarcity is not
of concern. Treatment of such materials at end of life follows the same approach as for non-
renewable materials, where recycling results in circularity benefits but landfill and energy recovery
do not.

2.8. Interpretation to Be Used

The results of the LCI and LCIA were interpreted according to the Goal and Scope. The
interpretation addresses the following topics:

1 Identification of significant findings, such as the main process step(s), material(s), and/or
emission(s) contributing to the overall results

1 Evaluation of completeness, sensitivity, and consistency to justify the exclusion of data from
the system boundaries as well as the use of proxy data

1 Conclusions, limitations and recommendations

Since ISO 14044 rules out the use of quantitative weighting factors in comparative assertions to be

disclosed to the public, the evaluation of the environmental performance of the packaging systems

under study will take place qualitatively and the defensibility of the results therefore depend on the
authorsod expertise and a linebfreaspning tbatleddotheénal t he under | )
conclusion.
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2.9. Data Quality Requirements

The data used to create the inventory model shall be as precise, complete, consistent, and
representative as possible with regards to the goal and scope of the study under given time and
budget constraints.

1 Measured primary data are considered of highest precision, followed by calculated data,
literature data, and estimated data. The goal is to model all foreground processes using
measured or calculated primary data.

1 Completeness is judged based on the completeness of the inputs and outputs per unit
process and the completeness of the unit processes themselves. The goal is to capture all
data in this regard.

1 Consistency refers to modelling choices and data sources. The goal is to ensure that
differences in results reflect actual differences between product systems and are not due to
inconsistencies in modelling choices, data sources, emission factors, or other artefacts.

1 Reproducibility expresses the degree to which third parties would be able to reproduce the
results of the study based on the information contained in this report. The goal is to provide
enough transparency with this report so that third parties are able to approximate the
reported results. This ability may be limited by the exclusion of confidential primary data
(company-specific) and access to the same background data sources.

1 Representativeness expresses the degree to which the data matches the geographical,
temporal, and technological requirements definedint he st udyo6s goal and scoj
to use the most representative primary data for all foreground processes and the most
representative industry-average data for all background processes. Whenever such data
were not available (e.g., no industry-average data available for a certain country), best-
available proxy data were employed.

The datasets used for each region can be found in Chapter 3.3, Chapter3.4 and Chapter 3.5 . An
evaluation of the data quality regarding these requirements is provided in Chapter 7.4 of this report.

2.10. Type and format of the report

In accordance with the 1ISO requirements (1ISO, 2006) this document aims to report the results and
conclusions of the LCA completely, accurately and without bias to the intended audience. The
results, data, methods, assumptions and limitations are presented in a transparent manner and in
sufficient detail to convey the complexities, limitations, and trade-offs inherent in the LCA to the
reader. This allows the results to be interpreted and used in a manner consistent with the goals of
the study.

2.11. Software and Database

The LCA model was created using the GaBi 9 Software system and Service Pack 39 for life cycle
engineering, developed by thinkstep (now Sphera Solutions). The GaBi 2019 LCI database
provides the life cycle inventory data for several of the raw and process materials obtained from the
background system.
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2.12. Critical Review

The results of this study are intended to be used by the commissioner (Ball Corporation). Further,
results with comparative assertions are intended to be disclosed to the public. A third-party critical
review of the study according to ISO 14040 (paragraph 6.3), ISO 14044 (1SO 2006) and ISO/TS
14071 (ISO 2014) will be carried out by a review panel. In this study, the critical review process was
done as an accompanying process. Thus, the critical reviewers were able to comment on the
project from the time the goal and scope description and preliminary results have been available.

The critical review panel consists of

f
f

1

Pere Fullana (Chair) UNESCO Chair in Life Cycle and Climate Change, ESCI-UPF
Angela Schindler, Umweltberatung und Ingenieurdienstleistung (Environmental
consultancy and engineering services)

Ivo Mersiowsky, Quiridium

The Critical Review Statement can be found in Annex A. The Critical Review Report is available
upon request from the study commissioner.

Following ISO 14044 clause 6.1, the critical review panel wants to state that, within their knowledge:

1

= =4 -4 -

the methods used to carry out the LCA are consistent with the above International
Standards,

the methods used to carry out the LCA are scientifically and technically valid,

the data used are appropriate and reasonable in relation to the goal of the study,
the interpretations reflect the limitations identified and the goal of the study, and
the study report is transparent and consistent.
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Life Cycle Inventory Analysis

3.1. Data Collection Procedure

Aluminum cans

Primary data were collected using customized data collection templates from Ball Corporation,
which were sent out by email to the regional company representatives for Europe, US and Brazil.
Upon receipt, each questionnaire was cross-checked for completeness and plausibility using mass
balance, stoichiometry, and internal and external benchmarking. If gaps, outliers, or other
inconsistencies occurred, thinkstep (now Sphera Solutions) engaged with the data provider to
resolve any open issues.

Primary data collected this way covered can body and can end manufacturing for 3 sizes/types in
each of the regions. Primary data also extended to the secondary packaging for selected final
products that use Ball beverage cans.

PET bottles, glass bottles and beverage cartons

For all other beverage containers secondary data was collected based on sample products selected
by Ball for most relevant market shares in the specified regions, adjusted in some instances based
on access to those products near thinkstep (now Sphera Solutions) office locations. The final set of
specific products is summarized in the sections 3.3.1, 3.4.1 and 3.5.1. The specified products were
purchased by thinkstep (now Sphera Solutions), and materials were then identified by consultants,
measured and weighed to the precision available in-house at the thinkstep (now Sphera Solutions)
offices. In Brazil, the same procedure was applied by collaborators at the University of Brasilia
(Laboratory of Energy and Environment, Department of Mechanical Engineering, Faculty of
Engineering). For most products, the precision of measurements was at least one decimal place
(0.19), giving a relative error of at most 10% by weight in case of caps (1-2g), but well under 1%
relative to the entire primary packaging (bottle plus cap). The precision of weighing scales available
at the German office, was, on the other hand only +1g, which affected only 1 PET bottle and 2 glass
bottles (potential error up to 5% of the primary packaging as a whole). For carton products
produced by Tetra Pak, information on product weight and composition was taken from online
resources (Tetra Pak 2019).

3.2.  Overview of Product Systems

This chapter outlines the examined product systems insofar as they are relevant for all regions.
Further details are provided in the specific regional sub-chapters 3.3, 3.4 and 3.5.
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3.2.1. Aluminum cans

Figure 3-1: Schematic representation of the aluminum can life cycle as modelled in this study.

Aluminum cans at Ball are manufactured from specific alloys, named AA3104 for the body stock
and AA5182 for the can end and tab stock. The most dominant alloying elements, albeit in minute
guantities, in both specific alloys are magnesium and manganese and they differ only slightly in
terms of the remaining elements. Iron was only modelled as part of the Ferro-Manganese mixture
dataset used to proxy the Manganese contents, while not adding to the total mass (thus resulting in
a minute overestimation of impact). The missing mass has been filled up with aluminum.

The primary aluminum ingot is mixed with the specified alloying elements to form the input mass of
primary aluminum ingot required for the sheet making. As shown in Figure 3-1, sheet making uses a
mixture of primary and secondary aluminum ingot and varies regionally in terms of the amount of
secondary aluminum and energy and material consumption (see details in the region-specific
chapters).

Thusly formed aluminum sheets (fican body stocko and
manufacturing sites where further conversions take place, cutting, welding, forming, coating,

spraying etc. included in a single black box module filled with primary data from Ball Corporation

(Confidential Data). The data has been divided (allocated) to individual can sizes in each region, by

Ball, such that some minor variation may take place between the manufacturing impact of different

sizes due to separate data collection for some product lines.

After cans and can ends have been manufactured the two are shipped to the beverage producer,
where cans are filled, sealed (not included in this study) and put into the respective secondary
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packaging. The transportation to point of sales is referred to as transport to distribution and is
modelled as transport by truck. The end of life considers both the primary packaging (aluminum
cans) and the secondary packaging and is modelled based on regional statistics and, whenever
available, regional datasets from the GaBi Databases. The specific list of used datasets is detailed
later in this chapter.

3.2.2. PET bottles

PET PET HDPE
Granulate Granulate Granulate

LDPE
Granulate

Film

Bottle Converting Cap Esxtrusion

Converling

Transport

Secondary

(Filling and) Packaging Packaging

Distribution to
Retailer

Waste
Collection

: En
e =

Figure 3-2: System boundaries for the PET bottle system for retail distribution. Filling is only a
placeholder for applying the secondary packaging and represents no environmental burdens.
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