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Abstract

Objective: Ultra-processed beverages (UPB) have known adverse impacts on health, but their
impact on the environment is not well understood across different environmental indicators.
This study aimed to quantify the environmental impacts of water-based UPB and bottled waters
sold in Australia and assess the impacts of various scenarios which may reduce such impacts in
the future. Design: This study presents a quantitative environmental impact assessment of a
major sub-category of UPB (water-based UPB, including soft drinks, energy drinks, cordials
and fruit drinks) and non-UPB (bottled waters) in Australia. Alternative mitigation scenarios
based on existing health and environmental targets were also modelled using sales projections
for 2027. Sales data from Euromonitor International were matched with environmental impact
data from peer-reviewed lifecycle assessment databases. Environmental impact indicators
included greenhouse gas emissions, land use, eutrophication potential, acidification potential,
water scarcity and plastic use. Setting: The Australian beverage supply in 2022 and projected
sales for 2027. Participants: N/A Results: Environmental impacts of UPB were higher than
bottled waters. UPB accounted for 81-99 % of total environmental impacts, partly driven by the
volume of sales. Reformulation, reducing UPB consumption and increasing recycling all led to
meaningful reductions in environmental impacts but with diverse effects across different
environmental indicators. The largest reductions occurred when policy scenarios were
combined to represent a suite of policy actions which aimed to meet health and environmental
targets (30-82 % environmental savings). Conclusions: The results indicate that implementing a
suite of policies which act to target multiple drivers of environmental harm are likely to lead to
the most environmental benefits.

Urgent changes to our global food system are needed to address environmental and health crises
such as biodiversity loss, climate change, pollution, malnutrition and diet-related non-
communicable diseases'!~>. The Australian agrifood system emits 174 900 kilotons of CO,-eq
per year (~1 % of global food system emissions) and accounts for 55 % of total land use in the
country™®, In 2018, poor diets were responsible for 5-4 % of the Australian burden of disease,
ranked third-highest in preventable factors leading to ill health®®. Finding solutions that have
co-benefits for human and planetary health could help address these intersecting challenges.

The need to improve production and reduce consumption of animal-sourced foods and
avoid food loss and waste is well established!~®). A proposed complementary strategy to
improve food systems is to reduce the production and consumption of ultra-processed foods
(UPF)(®), UPF are defined by the NOVA classification as ‘formulations of ingredients, mostly of
exclusive industrial use, that result from a series of industrial processes®. High consumption of
UPF is associated with poorer health outcomes, such as type-2 diabetes, cardiovascular diseases,
common mental disorder and all-cause mortality!”. Recent evidence suggests that
environmental impacts driven by biological, social and commercial drivers of UPF production
and consumption occur across the supply chain” and are substantial©.

Ultra-processed beverages (UPB), such as soft drinks, energy drinks, sports drinks, cordials,
flavoured waters and fruit drinks, have received significant attention for their health
impacts'1?). In Australia in 2011-2012, UPF accounted for 74 % of dietary energy from free
sugars, and much of this sugar stemmed from sugar-sweetened beverages!>). Beverages may
impact over-consumption to a greater extent than foods, as beverages do not have the same
satiation effects as foods and they do not replace energy from solid foods or result in
compensation in subsequent meal consumption'¥), Furthermore, assuming that energy and
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hydration needs are met, UPB provide little nutritional benefits
and thus are often superfluous to dietary requirements.

Both sugar-sweetened and non-sugar-sweetened UPB have been
the focus of research on health impacts''? and public health
policies'"1*), Most dietary guidelines recommend the consumption
of water as a beverage of choice, and many recommend avoiding
sugary drinks!"”), which are commonly UPB. Despite this, the
consumption of UPB in Australia rose by 16-3 g per capita per day
between 2018 and 20219, Previous studies analysing the
environmental impacts of beverages have found that tap water has
lower impacts compared with bottled water{!-!, both of which have
lower impacts than soft drinks!”). Thus, reducing the production and
consumption of UPB could preserve environmental resources used in
their production, while also delivering health benefits.

To the authors’ knowledge, no previous studies have inves-
tigated the environmental impacts of the broad category of UPB in
Australia. Filling this knowledge gap is important as more
countries consider environmental sustainability and include
UPF terminology in their food policies®”. Additionally,
Australia lacks quantitative data on the environmental impacts
of beverages, meaning limited information is available to inform
reduction strategies. In this study, we aimed to quantify the
environmental impacts of water-based UPB (UPB which con-
tained water as an added ingredient) and bottled waters sold in
Australia and assess the impacts of various scenarios which may
reduce such impacts in the future.

Methods

This study presents a quantitative environmental impact assess-
ment based on data from existing peer-reviewed life-cycle
assessment (LCA) datasets. We do not attempt to conduct an LCA.

System boundaries and indicators

Figure 1 presents the UPB and bottled water system boundaries
(i.e. lifecycle stages included in the analysis), adapted from the
peer-reviewed literature”-'#21-2%), The system is divided into four
main stages:

1. Agricultural production of ingredients, including inputs
(e.g. fertilisers and pesticides).

2. Primary, secondary and ultra-processing of ingredients and
recombination of ingredients into the beverage.

3. International freight transportation of ingredients sourced
from overseas based on the top-producing country (national
transportation of ingredients was not calculated).

4. Extraction of raw packaging materials, manufacturing of
packaging materials into preforms, bottle/ can manufactur-
ing, sterilisation, filling, capping, sealing, transport to retail,
transport of waste to landfill or recycling facility and end-of-
life-related impacts.

Excluded items and the potential impacts of exclusions on study
findings were investigated in detail and are outlined in the online
supplementary material, Supplemental Information Section 1.

We chose common environmental impact indicators to
represent the diversity of issues found in our previously developed
model of the environmental impacts of UPF”) and for which data
were available. Indicators used were greenhouse gas emissions
(GHG, kg CO,-eq), land use (LU, km? per year), eutrophication
potential (EP, kg PO4*"eq), acidification potential (AP, kg SO,eq),
water scarcity (WS, kL eq) and plastic use (kg) (Figure 1).
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Data

We used the Euromonitor Passport database to determine the
current (2022) and projected (2027) sales of beverages in Australia
and their accompanying ingredients®”). Euromonitor data are
sourced from trade associations, industry bodies, business press,
company financial reports, company filings and official govern-
ment statistics and has been widely used in food supply
analyses®27),

UPB (Asian specialty drinks, flavoured bottled water, carbon-
ates, energy drinks, ready-to-drink tea, sports drinks and
reconstituted juice) and non-UPB (carbonated bottled water, still
bottled water), which included water as an added main ingredient
were analysed. Euromonitor beverages were categorised as UPF or
non-UPF based on the Euromonitor category names and
definitions and cross-checked against a previous analysis of UPF
which used the Euromonitor database®®. We excluded alcoholic
beverages, 100 % juices (non-reconstituted) and milks as water is
not generally added during their supply chain. Additionally, milk
and 100 % juices have nutritional contributions beyond hydration
and thus comparing these products to tap water was not logical
from a nutrition perspective. We also excluded non-dairy milk
alternatives as the appropriate comparator from a dietary
perspective (dairy milk) was excluded.

Drawing upon standard LCA practices, we applied a cut-off of
99 % of the total beverage by weight including packaging®. Items
that were excluded by this rule tended to be ingredients for which
there were no available environmental impact data, such as non-
sugar sweeteners and other additives. Conversion factors for
ingredients listed in the Euromonitor Database were applied to
account for (1) the data being provided in weight instead of
volume, (2) processing of the agricultural commodity or (3) the
product requiring reconstitution prior to consumption (see
online supplementary material, Supplemental Information File
Section 3-2-2).

We sourced ingredient cradle-to-farmgate environmental
impacts from a comprehensive meta-analysis of agricultural
LCA containing standardised data from over 500 peer-reviewed
publications?” (see Figure 1). Ingredient processing, ultra-
processing, recombination in the beverage manufacturing facility
and transportation data were sourced from peer-reviewed
literature and reports. Where multiple data points were available,
we inspected the original data and chose data points reflecting
conventional production in the regions which produced the largest
quantities of that food item. In instances where multiple data
points were suitable, we chose an average impact (see online
supplementary material, Supplemental Information Section 4-2-4).

We sourced packaging data from the Warmerdam and Vickers
dataset, a recent industry commissioned and independently
reviewed cradle-to-grave LCA on beverage packages available in
Australian supermarkets in 2019/20%%. This dataset contained
GHG, EP, AP, WS, and plastic use data for cartons, polyethylene
terephthalate (PET) bottles, recycled PET bottles, high-density
polyethylene (HDPE) bottles, pouches, aluminium cans and glass
bottles of varying sizes but did not contain any information about
packaging-associated land use. Instead, we calculated land use by
entering packaging sizes and types from the Warmerdam and
Vickers dataset'>” into LCA software, PIQET (Packaging Impact
Quick Evaluation Tool®”. PIQET was specifically designed to
calculate the environmental impacts of packages in Australia®®®.
Further details on the data are found in the online supplementary
material, Supplemental Information, or original publications®2~2%).


https://doi.org/10.1017/S1368980025000187
https://doi.org/10.1017/S1368980025000187
https://doi.org/10.1017/S1368980025000187
https://doi.org/10.1017/S1368980025000187
https://doi.org/10.1017/S1368980025000187
https://doi.org/10.1017/S1368980025000187
https://doi.org/10.1017/S1368980025000187
https://doi.org/10.1017/S1368980025000187

The environmental impacts of Australian beveragese

Agricultural production Packaging

Agricultural
inputs

Extraction of
raw packaging
INEICETS

Agricultural
production of
ingredients

Manufacturing
of packaging
materials

Primary
processing

Packaging
manufacturing

Ultra- (forming)

processing of
ingredients

Sterilisation,
filling, capping
and sealing

Beverage
manufacturing

& International transportation

@ Domestic transportation
Retail & food

0 Water scarcity (L-eq) service

Aa | and use (m? per year)
Q Greenhouse gas emissions (kg CO,-eq)
% Eutrophication potential (kg PO,% -eq)

y Acidification potential (kg SO,-eq) Waste

management

g Plastic production (kg of plastic)

Figure 1. System boundaries for the analysis of the environ-
mental impact of ultra-processed beverages and bottled water.
Items in green indicate data from Poore & Nemecek (2018)
databasel®?, orange items indicate data from Warmerdam &
Vickers® and yellow items indicate data from PIQETv?. Blue
items indicate data were sourced from the wider peer-reviewed
literature and reports (see Supplementary Information for
details). Note: ‘packaging’ includes primary, secondary and
tertiary packaging. Secondary and tertiary packaging includes
corrugated board, LDPE film and wooden pallets used to
transport the bottles from the manufacturer to the retailer.

M

Euromonitor Passport data and LCA data were matched
manually in excel by the first author) and checked by a second
author. We used consumer reports, FAOSTAT data and the
scientific literature to determine the most likely match in instances
where Euromonitor data were insufficiently disaggregated in
comparison with the LCA data (see online supplementary material,
Supplemental Information Section 4-2). For example, the
Euromonitor ingredient ‘sugar’ was matched with sugar cane
environmental data because sugarcane is responsible for the
majority of sugar produced and utilised in Australia®”. Where
multiple ingredients were likely to be used, we took an average of
the most common ingredients (see online supplementary material,
Supplemental Information Section 3-2-1). Tea extract and plant
extracts were excluded from the analysis due to limited
environmental data.

Packaging types and sizes listed in the Euromonitor database
were matched with the closest possible size and packaging type
available in the Warmerdam & Vickers dataset, scaled to the actual
product size. The weight of the PET bottles was not available in the
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Euromonitor database, but this information is important as weight
of PET bottles substantially impact the related environmental
impacts®?, In order to address this, a supermarket audit was
conducted to determine which products use lightweight v. regular
strength PET plastic (see online supplementary material,
Supplemental Information File Section 4-1).

Data were further extended by calculating GHG from
international freight transportation based on the most common
production centres for internationally produced ingredients (see
online supplementary material, Supplemental Information File
Section 5-2). We assumed that 100 % of each ingredient came from
the country, which was the largest supplier of that ingredient to
Australia.

Data analysis

All analyses were based on the volume of beverages sold. The
analysis was conducted in RStudio using cowplot, dplyr, ggplot2
and stringr.
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Sales and packaging use

To retain the categorisations required to differentiate between UPB
and non-UPB, we applied the proportions of packaging types to the
sales categories and presented findings in bar charts. We combined
the Euromonitor packaging data (2022 sales data) with an average
packaging weight for each packaging type reported in Warmerdam
and Vickers®>. We further conducted a detailed market audit of
the type of packaging used for non-carbonated beverages to
differentiate products using lightweight v. regular weight PET
packaging (carbonated beverages do not tend to be packaged in
lightweight PET due to issues pertaining to carbonation retention).
See online supplementary material, Supplemental Information
Section 4-1 for further details.

Environmental impacts

Total environmental impacts were calculated, grouped by beverage
type. For the intensities per litre calculations, we applied dilution
factors, as recommended in LCA standards®”,

Estimating the environmental impacts under different
scenarios

We modelled four scenarios based on existing health and
environmental targets (Table 1). The scenarios were based on
real-world targets, and environmental savings were calculated for
the year 2027 using sale projections from the Euromonitor
Passport database relative to a 2022 baseline.

The first scenario was based on the WHO’s target for free sugar
to contribute <5 % of total dietary energy®’. We assumed this
would be achieved through reformulation. Data on the total energy
from added sugars from beverages were available from the most
recent Australian Health Survey®®, which enabled us to calculate
the percent reductions in added sugars from products in our
dataset to achieve the WHO target. We assumed that added sugars
from food would also be reduced.

The second scenario was a 20 % reduction in the purchasing
and consumption of UPB across all UPB categories, based
on a French National target for reducing UPF consumption®?.
This target was announced in the 2019-2023 National Nutrition
Target, by the French Ministry of Health. To our knowledge,
this was the only quantifiable UPF target from any government.
Because many dietary guidelines encourage avoidance of UPF?),
we also modelled reductions in UPB consumption beyond the 20 %
target.

We based the third scenario on the Australian Government’s
2030 ‘National Waste Policy Action Plan’, which resolved
to achieve an 80 % recycling rate for all waste streams by 2030¢%).
This was exclusively applied to the use of recycled PET bottles
due to data limitations and justified because some of the
other materials, such as aluminium, were already recycled at rates
close to the target (aluminium recycling rates were 72 % in 2018)(%%).,
We applied linear interpolation to determine the proportional target
for 2027, based on a baseline recycling rate of 12-6 % in the 2020-
2021 financial year®). This resulted in the target of 58 % of PET
bottles being made from recycled PET in 2027.

Finally, we created a ‘mixed approach’ that included all of the
above targets to determine the impacts of a suite of policies.
All scenarios were compared with the impacts of beverages in 2022,
i.e. our baseline data.
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Table 1. Scenarios used to project the potential environmental impacts of
Australian beverages in 2027 Scenarios were based on Euromonitor projections
and modified according to existing global targets. Further descriptions are
available in the Methods section

Scenario name Description

2022 Baseline Beverages sold in Australia in 2022, used as a

baseline comparator for all other scenarios.

2027 Business
as usual

2027 sales projections, assuming no changes in
product formulation, consumption or recycling
methods.

Reformulation Sugar and fruit juice concentrate levels reduced to
only achieve the WHO target of <5 % total dietary energy
from added sugars®Y,

20 % UPB
reduction*

A 20 % reduction in the purchasing and consumption
of UPB across all UPB categories, based on the
French National target of 20 % UPF reduction®®?. Half
of the avoided UPB were replaced with bottled
water, the other half were replaced with tap water.

58 % recycled 58 % of PET bottles were replaced with recycled PET,

PET based on the Australian Government’s national
recycling target of 80 % recycled materials by
203002,

Mixed Combined approach modelling the collective impacts

approach of reformulation, UPB reduction and improving

recycling.

*Further reductions of 25 %, 50 %, 75 % and 100 % were also modelled to create online
supplementary material, Supplemental Figure 4.
PET, UPB, ultra-processed beverages; UPF, ultra-processed beverages.

Results
Sales and packaging use

A total of 3623 million litres of beverages were sold across the
Australian retail and food service sector in 2022 (Figure 2), with
sales projected to rise by ~180 million litres by 2027 (~5 %) (see
online supplementary material, Supplemental Figure S1). In 2022,
UPB comprised 81 % of total sales by volume, with carbonates
contributing the largest share of total sales (49 % of total sales by
volume, Figure 2). The most common packaging type, in million
litres sold, was PET bottles (50 %), followed by aluminium cans
(28 %) and lightweight PET (28 %) (Figure 2).

Environmental impacts of Australian water-based UPB
compared with bottled waters in 2022

Our analysis revealed that on a per litre basis, non-UPB generally
had lower impacts compared with UPB. The exception to this was
plastic use where carbonated bottled water ranked third highest in
overall contribution to plastic (Figure 3; see online supplementary
material, Supplemental Figure S2). Impacts from still bottled water
remained low due to the use of lightweight PET.

When impacts were estimated on the basis of 2022 sales, it was
found that UPB accounted for the majority of aggregate impacts
from beverages in 2022 (88 % of GHG, 95 % of AP, 96 % of EP,
98 % of WS, 99:6 % of LU and 81 % of plastic use; see online
supplementary material, Supplemental Table S6). Carbonates
contributed the most to GHG, WS and plastic, whereas juice drinks
accounted for the largest proportion of LU, AP and EP (Figure 4).

GHG from beverages were primarily driven by packaging
(53-100 % of impacts per total sales in 2022, depending on the
beverage) (see online supplementary material, Supplemental
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Figure 2. Total volume of beverages sold in Australia in 2022 and the associated quantity of consumer packaging. Results are displayed according to beverage category.
X’ indicate the sales (million litres sold in 2022), and bars refer to the packaging used (kilotonnes sold in 2022). RTD, ready-to-drink; UPB, ultra-processed beverage.

Figure S2 & S3), with plastic packaging (PET, lightweight PET and
HDPE) contributing the most to GHG (see online supplementary
material, Supplemental Figure S2). Conversely, LU, AP, EP and
WS were driven by ingredients, with packaging playing a smaller
role (see online supplementary material, Supplemental Figure S2 &
S3). Plastic use impacts are exclusively derived from the
packaging stage.

Online supplementary material, Supplemental Figure S3 shows
impacts according to the supply chain stage and highlights the
dominant role of the agricultural production stage, particularly in
LU and WS (see online supplementary material, Supplemental
Table S6). These impacts were driven by the juice drinks category
due to the reliance of these products on fruit juice concentrate
(Figure 4), which had a higher environmental intensity relative to
other ingredients. Sugar also made a substantial contribution to
WS footprints among UPB.

Environmental mitigation potential under different scenarios

Our modelling suggests that inaction between 2022 and 2027
would result in a 6 % increase in GHG and 5 % increase in plastic
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use associated with beverages (Figure 5). However, based on
market predictions, AP, EP, LU and WS show a slight reduction
(1-12 %) decrease by 2027 owing to a projected 13 % decrease in
juice drink sales, which makes a significant aggregate contribution
across these indicators (see online supplementary material,
Supplemental Table S7).

The reformulation strategy resulted in limited GHG savings
(3 %) and increased plastic use (by 5 %). However, reformulation
resulted in the largest improvements for LU, AP, EP and WS
from any single strategy (45-77 % reductions in impacts, see online
supplementary material, Supplemental Table S7). This was
driven by reductions in agricultural production of sugar and fruit
juice concentrate. Reducing UPB by 20 % was moderately effective
for all indicators (10-29 % reductions in impacts). Online
supplementary material, Supplemental Figure S4 & Table S7
indicate that more ambitious reductions in UPB led to
corresponding reductions in environmental impacts, with the
most substantial savings associated with avoiding UPB
altogether. Increasing the use of recycled PET plastics was also
moderately effective across all indicators (2-19 % reductions in
impacts).
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Figure 3. The environmental intensities of
beverages sold in Australian in 2022 per litre
of beverage content, grouped according to
beverage categories, ingredients and pack-
aging materials. Colours indicate the propor-
tional impacts from the ingredients and
packaging materials, both of which substan-
tially contributed to environmental impacts.
Greenhouse gas emissions are expressed in
carbon dioxide equivalents per litre of
beverage, land use is expressed in metres-
squared per litre of beverage, eutrophication
potential is expressed in phosphate equiv-
alents per litre of beverage, acidification
potential is expressed in sulphur dioxide
equivalents per litre of beverage, water
scarcity is expressed in kilolitres equivalent
per litre of beverage and plastic use, which
exclusively applies to the consumer packag-
ing (i.e. it does not account for plastic used
throughout the packaging or ingredient
supply chains), is measured in grams per
litre of beverage. RTD, ready-to-drink; UPB,
ultra-processed beverage.
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The ‘mixed approach’ resulted in the greatest environmental
savings (30-82 % reductions in impacts), compared with any other
individual scenario. The ‘mixed approach’ scenario resulted in a
32 % reduction in GHG, 60 % reduction in AP, 67 % reduction in
EP, 77 % reduction in WS, 82% reduction in LU and 30 %
reduction in plastic use (see online supplementary material,
Supplemental Table S7).

Discussion

This study analysed the environmental impacts of water-based
UPB and bottled waters in Australia using six key environmental
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indicators. Our results indicate that UPB are associated with higher
environmental impacts than bottled waters. Specifically, carbon-
ates (i.e. soft drinks) were a key driver of greenhouse gas emissions,
water scarcity and plastic use. Carbonates also made the largest
contribution to many of the environmental impacts according to
total sales in 2022, and projected 2027 sales, even though they did
not have the highest intensities per litre. This highlights the
importance of considering impacts according to sales or
consumption patterns, as ultimately the products with the highest
impacts are likely to be those that are frequently purchased and
consumed, as found previously®®). In contrast, juice drinks had the
highest environmental intensities per litre and also by sales when
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Figure 4. The environmental impacts asso-
ciated with the total volume of beverages
sold in Australia in 2022, grouped according
to beverage categories, ingredients and
packaging materials. Colours indicate the
proportional impacts from the ingredients
and packaging materials, both of which
substantially contributed to environmental
[ impacts. Greenhouse gas emissions are
expressed in carbon dioxide equivalents, land
use is expressed in metres-squared, eutrophi-
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considering land use, acidification and eutrophication potential,
which can be attributed to the agricultural production of fruit (see
online supplementary material, Supplemental Table S7).

All scenarios modelled in this study resulted in meaningful
reductions in environmental impacts. The reformulation strategy
we modelled suggested a successful reduction in impacts for most
indicators, driven by the removal of substantial quantities of added
sugar and fruit juice concentrate. However, it is critical to note that
we did not model any replacements for these ingredients as they
comprised < 1 % of the total beverage and had no available LCA
data. In reality, reformulation strategies tend to result in increased
use of non-sugar sweeteners®”), which are also associated with
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negative health impacts!?, and are likely to also have some
environmental impacts®®”). Indeed, addressing food system issues
using reformulation alone has been criticised for being reduc-
tionist®® as this strategy may fail to address the broader issues
driving the sales and consumption of superfluous foods and
beverages. Further, reformulation is unlikely to promote dietary
shifts and thus may not assist in achieving the recommendations
set out by food-based dietary guidelines, which in this case is to
choose tap water®?,

Reductions in UPB consumption to meet the target of a 20 %
reduction in UPF purchasing and consumption resulted in modest
environmental benefits across all indicators. We also modelled
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Figure 5. Modelled environmental impacts of water-based beverages sold in Australia under different policy-based scenarios based on sales projections to 2027. All results are
presented as percentage environmental savings compared with a 2022 baseline. Scenario descriptions are found in Table 1. PET, polyethylene terephthalate.

reductions in UPB beyond the 20 % target, with environmental
benefits more or less proportionate to UPB reductions. Indeed, a
hypothetical 75 % reduction of UPB outperformed the ambitious
reformulation target modelled in this study for all indicators except
for land use where an equal benefit was found.

In the scenarios where UPB reductions were modelled, we
assumed that half of the UPB avoided would be replaced by bottled
water and the other half replaced by tap water, given tap water is
generally regarded as safe to drink in Australia®”. Evidence
suggests the environmental impacts of tap water are substantially
lower than bottled water(!’-1), even when it relies on high energy-
consuming filtration technologies such as desalination!!®.
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Switching to tap water could help meet international plastic
reduction agreements*"), as well as deliver health®? and economic
benefits"”). However, consumers who prefer to drink bottled water
for taste, convenience or due to safety concerns? may need to be
convinced of this change. This may be possible given approx-
imately 80 % of Australian consumers would consider reducing
their purchases of bottled water for sustainability reasons*>.
The packaging scenario we modelled in this study focused
exclusively on improving the use of recycled PET, one of
Australia’s most common beverage packaging materials
(Figure 1). Existing rates of recycling PET bottles in Australia
are low (12:6 % of Australian plastics recycled in 2020-2021)¢%,
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and falling®¥, decreasing the chance of meeting the ambitious
target of 80 % recycling by 2030, However, a potential upturn in
Australian PET bottle recycling rates is likely over the next few
years due to the construction of new PET recycling facilities, which
are proposed to recycle the equivalent of 1 billion 600 ml PET
bottles annually®).

The final ‘mixed’ scenario demonstrated the highest potential
savings due to cumulative reductions in impacts from each
scenario. This finding aligns with previous studies suggesting that
meaningful reductions in food system environmental impacts are
likely to require concurrent shifts in consumption, production
methods and waste management®), all of which were modified in
the ‘mixed’ scenario. Ultimately, combining impact reduction
methods and thus making changes across the system resulted in the
most benefit.

Strengths of our study included the use of peer-reviewed data
sources to compile a comprehensive database of country-specific
environmental intensities for each relevant unit process (see online
supplementary material, Supplemental Information for full
details), alignment with core lifecycle assessment principles and
the focus on overall sales, rather than comparisons based solely on
a per litre basis. The latter factor was important to measure the
real-world impacts of Australian beverages, rather than a
hypothetical comparison between products. As the Euromonitor
dataset is global, this study provides an approach that could be
replicated to estimate the impacts of UPB in other geographies.

Another key strength was the use of multiple indicators in the
analysis which were purposely chosen to represent a wide variety of
environmental impacts. Previous research demonstrates that the
metrics used to quantify environmental impacts in this study
provide a comprehensive view of broader environmental issues
and are likely to be associated with flow-on impacts for other
environmental issues, such as biodiversity loss and soil degrada-
tion”). As a result, this study enables a relatively holistic view of
environmental sustainability issues.

Despite these strengths, some limitations exist. Methodological
assumptions and heterogeneous data sources potentially create
uncertainty around our estimates. Key sources of uncertainty
include transportation impacts (only international transportation
was measured, and all commodities were assumed to originate
from the top producing country), included ingredients (e.g. juice
values were based on the juice flavours with highest sales; orange
and apple). Uncertainties likely also arose from dataset matching.
For example, packaging impacts differed based on the size of the
package, although we addressed this by scaling packaging impacts
according to package size. Further, we did not measure all supply
chain stages, such as refrigeration, due to limited data availability
(see online supplementary material, Supplemental Information
Section 1).

Our study included beverages that had water added during their
production lifecycles and thus excluded 100 % fruit juices,
milk-based beverages and alcoholic beverages. The impacts of
tap water were not included in the analysis due a lack of
comparable data. This is justified because water was found in all the
included beverages, the environmental impacts of tap water were
assumed to be nullified when implementing a comparative
assessment. If other beverages were included environmental
impacts from both UPB and non-UPB would likely have been
higher, and savings resulting from switching from UPB to non-
UPB may not have been as apparent. For example, plant-based
milks, which are often UPB, tend to have lower environmental
impacts than dairy milks®”),
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Despite these limitations, our findings are aligned with previous
studies. Specifically, the greenhouse gas emissions and water
scarcity values estimated here align with studies from the UK and
Europe(!7:1921:4849) At the time of writing, only one other study had
been published on acidification and eutrophication impacts of
beverages, and estimates differed significantly from those
presented here), most likely because acidification and eutrophi-
cation are highly region-dependent. No comparable published
estimates of land or plastic use were identified.

Conclusion

This study found that the environmental impacts of water-based
UPB are significantly larger than bottled waters across all key
environmental indicators in Australia. Scenarios to reduce
environmental impacts based on relevant health and recycling
targets were modelled. The largest potential environmental savings
were found when a combination of strategies from diverse policy
portfolios were used to reduce overall consumption of UPB, reduce
the use of UPB ingredients (i.e. reformulation) and utilise recycled
PET bottles. Findings demonstrate that policies may be more
effective when they are implemented in a suite of complementary
strategies.

Supplementary material. For supplementary material accompanying this
paper visit https://doi.org/10.1017/51368980025000187
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