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ABSTRACT

Global plastic production has been increasing annually since World War Il and is
currently at least 380 million tonnes. Plastic drinks packaging is ubiquitous; over 13
billion plastic bottles are used per year in the United Kingdom alone. Global concern
about pollution from plastics in the seas and the environmental costs of plastics
manufacture is rising. This study aimed to: i) review the costs, benefits, advantages
and disadvantages of plastics as packaging materials and ii) use life cycle assess-
ment to determine if there is less environmentally impactful beverage packaging
than plastic bottles. As different beverages have different packaging needs, three
categories were used: commonly used containers for milk, fruit juice and pressurised
‘fizzy’ drinks. The packaging types included in the assessment were glass bottles,
aluminium cans, milk cartons, Tetra Pak, polyethylene terephthalate (PET) bottles
and high-density polythene (HDPE) bottles. The ISO 14040:2006 and ISO 14044:2006
standards for life cycle assessment formed the basis of the methodology. The open
source software openLCA was used to conduct the life cycle assessments. Data
was assembled from free LCA databases such as the European reference Life Cycle
Database of the Joint Research Center (ELCD), existing life cycle assessments, sci-
entific reports and peer reviewed literature. The functional unit was set at a container
that held one litre of fluid. The results found that in each category there was a less
impactful beverage packaging than plastic bottles. In the Pressurised Beverage Cat-
egory, it was found that 100% recycled aluminium cans would be the least impactful
option, in the Fruit Juice Beverage Category it was found that Tetra Pak would be the
least impactful option and in the Milk Beverage Category it was found milk cartons

1. INTRODUCTION

Beverage containers have been in existence nearly as
long as civilisation. Needing something in which to hold
and store drinks, humans used a wide range of containers
such as animal skins, stone, earthenware and glass. These
containers were usually hardwearing and used repeated-
ly. In the modern era, many drinks containers are made of
plastic and have become single use; used once then dis-
posed of. This is due to changes in lifestyle; individuals no
longer make much of their own food or buy products such
as milk from local sources. The rise of convenience food
and mass production has changed how beverages are pur-
chased, stored and consumed. A reduction in food prices
means that consumers are buying more beverage packag-
ing because they are, in general, able to afford more food
(Andreyeva et al., 2010; Epstein et al., 2012).

Plastics have become a fundamental global feature of
everyday life. Plastic is an umbrella term for items man-
ufactured with any synthetic or semi-synthetic organic

would be the least impactful option.

polymers. Plastic may be shaped when soft and then
hardened to retain a given shape. A polymer is a chain in
which each link is the “mer,” or monomer (single unit). The
chain is manufactured by joining, or polymerizing, at least
1,000 links together. The most produced polymers are, in
descending order: polyethylenes (low and high density)
(PE), polypropylene (excluding fibres) (PP), fibres of acrylic,
polyamide and polyester, then polyvinyl chloride (PVC), pol-
yethylene terephthalate (PET) and polystyrene (PS) (Geyer
etal. 2017).

Plastics have a number of benefits as a packaging ma-
terial for beverages as they are light, durable and cheap to
produce, able to withstand pressure and can contain many
different fluids safely. Nevertheless, plastics have limited
recyclability; they are made of polymer chains that shorten
each time they are recycled and thus usually ‘downcycled’
into a lower quality product rather than back into packaging
(La Mantia, 2004). Methods such as life cycle assessment
(LCA) enable an evaluation of the true costs and benefits of
plastic packaging materials.
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Plastic bottles are the world’'s most common beverage
packaging. In the UK; in the year 2016, >13 billion plastic
bottles were produced, with only 7.5 billion of those going
for recycling (Environmental Audit Committee, 2017). The
most common types of plastic bottles for beverages are
made from PET or HDPE. Both plastics have been high-
lighted as a priority pollution problem (Environmental Au-
dit Committee, 2017). Indeed, a ban on plastic bottles for
beverages has been widely touted for both environmental
and public health reasons (see e.g. Thompson et al, 2007).
However, a ban on plastic beverage bottles would remove
a practical option for water storage and dissemination dur-
ing times when municipal tap water supplies are contam-
inated. Plastic bottles are versatile (can keep liquids hot
or cold), relatively inexpensive, and can keep beverages
healthy, safe, and convenient. In developing countries with
poor infrastructure, bottled water offers a partial solution
to unsafe drinking water. Clearly, there are well-developed
arguments on both sides

The abundance of plastics, particularly disposable
items, has generated a global public outcry over plastic
pollution. Items such as plastic straws are being banned
(The Ellen McArthur Foundation, 2016). There is a focus
on plastic bottles as a waste product or plastics as a pol-
lutant but the entire life cycle of a plastic bottle must be
considered to understand its full environmental impacts.
Plastic manufacture relies on the extraction of raw ma-
terials such as crude oil; this has environmental impacts
which are not always noted with the same attention as, for
example, marine plastic pollution (O'Rourke and Connolly,
2003). Adverse impacts can include; ozone depletion, pe-
troleum hydrocarbon emissions to the atmosphere and a
high generation of solid wastes (O'Rourke and Connolly,
2003). These impacts are purely for the extraction of the
raw material, they do not account for the energy needs and
emissions generated from manufacture or additional pro-
cesses. The whole life cycle must be assessed to address
all the impacts of plastic.

To minimise the impacts plastics have on the environ-
ment, avoidance or minimisation of use is key. However,
vital items must be manufactured from plastics, such as
personal protective equipment — so important during the
Covid19 pandemic - in the health sector. Some products
such as beverage packaging have a long history of man-
ufacture from a variety of materials. Replacing plastics
with a less impactful packaging type may help mitigate the
many impacts of plastics.

Plastics are used for packaging various beverages.
According to the UK Department for Environment, Food &
Rural Affairs’ (DEFRA) Family Food Statistics 2016/2017,
the amount of milk purchased per person is comparable to
the amount of soft drinks purchased per person. To under-
stand the impacts of plastics used to package beverages,
different beverages with different packaging needs should
be examined.

Each type of packaging has different requirements,
fizzy drinks require packaging that can be pressurised, milk
packaging needs to aid refrigeration and fruit juices are of-
ten unrefrigerated so have specific hygiene needs. Know-
ing which packaging has the least impacts for each type

of beverage could aid consumers, lawmakers, pressure
groups and businesses to understand the true impacts of
beverage packaging in relation to each.

2. LIFE CYCLE ASSESSMENT OF BEVERAGE
PACKAGING

2.1 Previous studies

LCA is a suitable tool to compare different types of
packaging that serve the same purpose as it compares the
products assessed against only each other. LCA is based
on product system results in relation to each other rather
than their impacts overall; it can only show if something is
‘better’ or ‘worse’ than another. LCA is guided by two Inter-
national Organization for Standardization (ISO) standards,
ISO 14044:2006 and ISO 14040:2006, and for an LCA to
be deemed valid by other practitioners, it should adhere to
these standards (Bjgrn et al., 2018c).

LCA is often considered when the sustainability of a
product or process or measurement of how ‘environmental-
ly friendly’ something is needed. A number of studies have
used LCA to review the environmental impacts of drinks
packaging, with some focusing just on plastics packag-
ing, or on specific types of beverages such as carbonated
drinks or milk (Amienyo et al., 2013; Romero-Hernandez
et al., 2009). Many LCAs have been conducted on bever-
age packaging, some by companies on behalf of beverage
packaging producers and others by academics. Almost all
follow the ISO standards for LCA and many assess glass
and PET bottles due to their use across different beverages.

The majority of LCAs that have assessed beverage
packaging concluded that glass is the most impactful bev-
erage packaging regardless of the other packaging types
involved (Amienyo et al., 2013; Franklin Associates, 20009;
Jelse et al., 2009; Meyhoff Fry et al., 2010; Saleh, 2016).
Amienyo et al, (2013), noted that glass had the highest
global warming potential (GWP) compared with aluminium
cans and PET bottles and concluded that the PET bottle
was the least impactful of the three. PET and HDPE bottles’
assessed impacts vary across recent LCAs, however they
are consistently presented as less impactful than glass
and more impactful than composite packaging such as
milk cartons (Franklin Associates, 2009; Jelse et al., 20009;
Meyhoff Fry et al., 2010).

A report by Franklin Associates (2009) concluded that
aluminium cans are more impactful than PET bottles as
they have higher energy demands, higher solid waste gen-
eration and greenhouse gas emissions. However, the re-
port also noted that aluminium can manufacture uses less
fossil fuels than PET bottle manufacture due to the wide-
spread use of hydropower in primary aluminium smelters
(Franklin Associates, 2009). This highlights the importance
of correctly allocating energy sources within LCAs e.g. the
work of Saleh (2016), based in Palestine, reported drasti-
cally different values than the Franklin Associates (2009)
study based in America. Data must be suitable for the
country of study.

Meyhoff et al, (2010) and Jelse et al, (2009) found prod-
uct systems with plastic elements were the most impact-
ful in the product systems compared and both advocated
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lessening plastic content. Jelse et al, (2009) found that
Tetra Pak containers with plastic caps had ~30% high-
er GWP than other Tetra Pak product systems, indicating
that even a comparatively small increase in plastic content
can cause a considerable increase in impacts (Jelse et
al., 2009). Both these studies included plastic bottles and
products that contained some element of plastic, therefore
were comparing similar products, and demonstrating how
ubiquitous plastics are in beverage packaging.

Amienyo et al, (2013) compared PET packaging to pack-
aging without plastic elements and found it less impactful,
within the system boundaries of the study, than the glass
bottles and aluminium cans in many categories. Different
levels of reuse and recycling were included as PET plastics
have a limited recyclability whereas both glass and alumin-
ium can be recycled indefinitely (Amienyo et al., 2013). The
study — unsurprisingly — found that improving recycling and
reuse of all packaging types would lessen theirimpacts. Ac-
corsi et al's (2015) conclusions seem different from that of
Ameinyo et al, (2013), classing glass bottles for extra virgin
olive oil (EVOO) as less impactful than PET bottles, though
this was under the assumption that the glass was recycled
at a higher rate and with differing transportation assessed.

Glass generally has the highest impacts out of bever-
age packaging options, followed by plastics and aluminium
cans that are found to be more impactful than composite
packaging. Many current LCAs only focus on one beverage
type, or compare packaging without being concerned with
beverage type (Cleary, 2013; Saleh, 2016).

Existing LCAs for beverage packaging are not without
flaws. An LCA is a complex undertaking and at every stage,
many decisions are made in terms of allocation, data qual-
ity, what will and will not be included in the scope of the as-
sessment and the impact categories that will be assessed.
Quality of data is essential in creating a relevant, reliable
and authentic LCA. The information that goes into the life
cycle inventory may not be perfect; some data may be hard
to find or measure or just be too ambiguous to include
(Bjgrn et al., 2018a). As each LCA has a different scope
and boundaries, there will be different data requirements
and different conclusions drawn. Several LCAs include
transport as a key variable, modelling different product
systems with different transportation distances as part of
the comparison (Amienyo et al., 2013; Fachverband and
Kartonverpackungen, 2007; Jelse et al., 2009). For these
studies, assumed distances are applied and modelled, for
other studies transportation has been decided upon by ex-
perts or given an average value (Meyhoff Fry et al., 2010).
Meyhoff Fry et al, (2010) did not provide transportation dis-
tance for all product systems causing an imbalance when
it comes to accuracy within the LCA. Transport can have
high impact contributions due to fuel usage and emissions
so inaccuracy could alter the results significantly. In some
LCAs, transport is scoped out of the system boundary
entirely due to the difficulty of accurately quantifying the
distances the packaging would have to travel (Bjgrn et al.,
2018b; Curran, 2017a). For such reasons, this study will not
include transportation.

It is clearly important to identify a relevant functional
unit for beverage packaging due to the dimensions of each

packaging type, as they are hollow vessels. A factor indi-
cated by Cleary (2013) was that the mass of the container
per amount of beverage contained is important, hypothet-
ically 1 kilogram of PET may have more impacts than a
kilogram of glass but the amount of PET to hold 1 litre of
a beverage is far below the amount of glass needed for
the same purpose (Cleary, 2013). Therefore, this study will
use a functional unit based on the volume of beverage con-
tained, not packaging weight.

Weighting, alongside normalisation, is a controversial
step used in some LCAs. It involves assigning certain im-
pacts a higher value than others, for example human health
may be considered to have a greater weight than marine
ecotoxicty in certain weighting sets (Bare et al., 2008).
Saleh (2016) created a weighting set using a survey of ex-
perts to assign values to each category. There are stand-
ard weighting sets produced by different organisations, but
some LCAs only briefly mention they have used weighting
and do not always explain the weight given to impact cate-
gories, e.g. the study by Cleary (2013).

As results are only for a specific functional unit, a LCA
cannot show any potential runaway processes that might
occur when certain levels of outputs are reached (Rosen-
baum et al., 2018). LCA data comes from different geo-
graphical areas - even within relatively small countries like
the UK - and timeframes and cannot account for any unique
characteristics of specific areas, such as existing contam-
ination, temperature or other local emissions or outputs
from other activities and products that might interact with
those from the product system (Rosenbaum, 2017).

2.2 Purpose of study

LCAs often compare a few packaging types without
specific concerns for the beverage the packaging will con-
tain or study a variety of packaging types, particularly many
variations of certain products, such as Tetra Pak variants.
This study will consider three categories of beverage con-
tainers; pressurised drinks, unrefrigerated fruit juice and
fresh milk containers. Two hypothetical 100% recycled
packaging types will be included for glass and aluminium
to indicate their near infinite recyclability only, as pack-
aging made of 100% recycled materials are not common
these hypothetical containers are purely for comparative
purposes. Plastics’ overall costs and benefits as beverage
packaging are critically evaluated for pressurised beverag-
es, fruit juice and milk.

The aims of the study were to: i) critically evaluate and
review the costs, benefits, advantages and disadvantages
of plastics as a beverage packaging material; and ii) identi-
fy, using life cycle assessment, if there are suitable replace-
ments for beverage packaging constructed from plastics
which have lower environmental impacts.

3. METHODS

Each beverage packaging category assessed had at
least one form of plastic packaging. The software package
OpenLCA (http://www.openlca.org/) was utilised as it is
a free, widely-used open source program that is compat-
ible with numerous impact methods. Data was collected
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from reliable sources such as existing LCA databases,
peer-reviewed literature and scientific reports, and collated
in a Microsoft Excel spreadsheet. The results of the LCA
were compared within each drinks category to identify if
there is a packaging type that has fewer environmental im-
pacts than plastics. The study used ISO 14044:2006 and
ISO14040:2006 standards as a framework. The data used,
and data sources can be found in Appendix 1.All impacts
were equally weighted.

3.1 Life cycle assessment stages

The four stages for LCA are outlined below; whilst they
are separate stages many inform the others and there can be
adjustment throughout the process (Mathews et al, 2018).

Goal and Scope Definition: 1SO 14044:2006 states
that the goal must be clearly defined with four statements
needed in key areas. 1) Intended application; 2) Reason for
carrying out study; 3) Audience; 4) If the results are used
in publicly released comparative assertions. The scope
consists of several qualitative and quantitative pieces of
information that define what is and is not included in the
study, the parameters of the study and which product sys-
tems were studied. Information such as the functional unit
is decided upon in this stage.

Inventory Analysis: Collection and documentation of
data gathered in accordance to the needs of the goal and
scope. Data is collected, validated, allocated to its associ-
ated processes and some data often has to be converted
to the functional unit, it was aggregated for the analysis, in
this study it was stored in Microsoft Excel. For the invento-
ry analysis product systems were collated within openLCA,
a product system includes all the gathered data involved in
the product’s life cycle organised in such a way that it can
then be used in the LCA.

A product system includes the processes for the inputs
and outputs of the system, for example for a plastic bottle
petroleum must be extracted, so the process to extract the
petroleum would be included in the product system with
the petroleum as the ‘flow’ into the next process.

Impact Assessment: This is the stage where the study
moved beyond individual flows and processes and as-
sessed that the impacts of the product system were in ac-
cordance to the goal and scope. Impact categories were
chosen that were relevant to the goal and scope of the
study and the choices must be justified. ISO14040:2006
states that these impact categories must be listed explic-
itly in the study. Using openLCA the life cycle impact as-
sessments were generated for each category, this stage
was largely automated and involved ensuring that all data
was correct, impact categories were correctly chosen and
that there were no technological errors (Rosenbaum et al.,
2018). It was in this stage that data was assessed for the

impacts of each product system for each impact catego-
ry.

It is important to understand through this stage and the
interpretation stage that what the life cycle impact analysis
shows is potential or theoretical impacts. To meet the ISO
Standards for LCAs there were three mandatory steps for
the life cycle impact assessment stage:

i. Selection of impact categories, indicators and charac-
terisation modules, this step is completed by choosing
from existing LCIA methods.

ii. Classification of the LCI results, assigning them to im-
pact categories based on what their known impacts
are, this is typically done by the software automatically.

iii. Characterisation of the results, the software will quanti-
fy how much each of the inventory flows are contribut-
ing to the impact categories.

Interpretation: The ISO standard gives less in terms of
guidance on this stage, but the aim of the interpretation
stage is to examine the results to be able to report any find-
ings, recommendations or conclusions (see Discussion).
The optional weighting and normalisation step of LCA was
not preformed. Weighting is controversial because unless
the LCA has a specific purpose, such as examining impacts
on human health, it can be difficult to justify what weight
impacts could have in relation to each other. This study will
not use weighting, mainly as it limits a study’s ability to be
used as a comparative piece of work and justification for
specific weighting is highly subjective (Bettens and Bagard,
2016; Jelse et al., 2009).

3.2 Data

Data was obtained from a range of authoritative sourc-
es, as shown in Appendix 1. Many datasets were examined
but only the most relevant and robust were selected. Data
was gathered or adapted for the functional unit. The weight
of each packaging container was estimated by calculating
an average of the weights of 10 different examples of each
packaging type. For the aluminium can, ten 500 ml cans
were weighed and a theoretical litre can was modelled.
When data from different sources or datasets was used, it
was carefully processed in order to avoid double counting
of any materials, impacts or outputs in the product system.
As datasets for processes in glass manufacture were not
available, data from many sources had to be adapted to
model these processes.

Data was assembled for three categories of beverage
packaging each containing a different liquid: non-refrig-
erated fruit juice, fresh milk and pressurised drinks such
as cola. Each of these three categories included the most
commonly used plastic packaging used for the beverage
as a baseline as well as other commonly used packaging
types (Table 1). All categories included glass bottles so a

TABLE 1: Beverage packaging categories and types of packaging assessed.

Category Plastic packaging Other packaging Other packaging  Hypothetical recycled packaging Hypothetical recycled packaging
Fruit Juice PET Bottle Tetra Pak Glass Bottle 100% Recycled Glass

Milk HDPE Bottle Milk Carton Glass Bottle 100% Recycled Glass

Pressurised : PET Bottle Aluminium Can Glass Bottle 100% Recycled Glass 100% Recycled Aluminium Can
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TABLE 2: Processes scoped in and scoped out of product systems.

Scoped In

Scoped Out

Extraction of virgin materials

Transport - for all stages of production including virgin material extraction
and end of life treatment.

“Manufacture of packaging

Filling

End of life treatment -including landfill, burning and recycling for each pro-

duct according to UK rates of disposal

Beverage manufacture

hypothetical 100% recycled glass bottle was included to
demonstrate the ability of glass to be constantly recycled
without degrading as plastic does. The same was complet-
ed for hypothetical 100% recycled aluminium cans in the
Pressurised Beverage Category.

3.3 Functional unit, goal and scope

The functional unit was the packaging required to hold
1 litre of a specific beverage. This was modelled as one
single container for each functional unit, so the aluminium
can was modelled as a hypothetical can that could hold 1
litre. This is to keep consistency of scale across the LCA,; if
the PET bottle unit used was a 1 litre bottle against ten 100
ml glass bottles the glass would hold the same amount of
fluid but the weight of glass would be far greater than for
a single 1 litre container. In accordance with the require-
ments to present the scope of the study Table 2 shows the
scoped in and out processes for product systems.

Cut-offs are points beyond which parts of the prod-
uct system are considered too small or insignificant to be
counted. In some LCAs this is when the material in ques-
tion constitutes less than 5% of the finished product and
in others it is 1% (Curran, 2017a). For other parts of the
product system it might relate to how much energy they
require or contribute; below a certain threshold they can be
considered irrelevant to the goal and scope of the specific
study (Curran, 2017a). For this study, any process that con-
tributes less than 1% of material or energy to the product
was not included in the scope of this study.

Although the methodology utilised may be universally
applied, the scope of this study relates to UK practices and
uses relevant data. We used data from 2010 onwards un-
less no reliable and robust data was available and older
data was necessarily adapted. Two different product sys-
tem ‘types’ were studied due to the inclusion of the two
hypothetical 100% recycled product systems. Figure 1
shows the product system and scoped in and scoped out
processes for the beverage packaging that is not 100% re-
cycled. Figure 2 shows the product system and scoped in
and scoped out processes for the 100% recycled beverage
packaging product systems.

3.4 Allocation and impact categories

Allocation is the process by which each process and
output is associated with the correct product, flow and the
like. Correct allocation was achieved by consulting the lit-
erature closely for each product and ensuring that when
data was taken from different sources there was no double
counting. There are many different impact categories avail-
able; each uses indicators allowing a prediction of the im-
pacts of the product system. The categories for this study
are shown in Table 3.

3.5 Assumptions and limitations

Note that some data had to be adapted using rea-
sonable assumptions made, particularly where complete
process datasets could not be found or datasets from
other countries had to be adapted with UK energy usage

Transport

Raw Materials

Filling

1l

Raw Material
Extraction

Emissions to Air

missions to

Manufacture Water,

Y A

Emissions to Soil

Beverage
Manufacture

|

Disposal (landfill,
incineration etc)

1 41

Recycling

SCOPED IN

SCOPED OUT

FIGURE 1: Product system and scoped out processes for beverage packaging made from virgin materials.
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Transport

Filling

i 4l

Beverage
Manufacture

SCOPED QUT SCOPED IN

- Emissions to Air

missions to
Water

Emissions to Soil

141

Recycling —

FIGURE 2: Hypothetical product system and scoped out processes for beverage packaging made from 100% recycled materials.

or flows. Assumptions had to be made for the Tetra Pak
product system as accurate manufacturer’s data could not
found so data for milk carton production was adapted.

4. RESULTS
4.1 Introduction

The results of all three categories showed clear dif-
ferences in each beverage packaging's impact within
each CML impact category. All three drinks categories
had glass bottles as one of the packaging types and in
all three the virgin glass bottle had the highest impacts
in most CML categories, with PET bottles showing maxi-
mum indicators in the two beverage categories in which
it was present.

When showing the data in graphical form, the maxi-
mum indicator has a value of 100% and each other prod-

uct’s indicator is shown relative to the maximum indica-
tor. To ascertain which beverage packaging types in each
beverage category were the most impactful, each bever-
age packaging was ranked for each impact category, with
the initial table showing the ranks and an additional table
showing the collated results. The lowest scoring beverage
packaging is the most impactful in that category. Whilst it
is often easy to see from the maximum indicators that are
the most impactful in a category, how the other categories
relate to each other in a cumulative fashion can be harder
to define.

Using these ranked scores, the most impactful and
least impactful beverage packaging types overall for each
category were quantified. These scores were used to iden-
tify which packaging types were most impactful across
categories.

TABLE 3: CML (Institute of Environmental Sciences, Leiden University) impact categories and their descriptions.

CML Impact Category

Description of Impact Category

Acidification Potential — Average Europe

The potential of the product system to cause acidification

Climate Change - GWP 100

The potential of the product system to impact climate change through ‘global warming
potential’

Depletion of Abiotic Resources — elements, ultimate reserves

The loss of resources due to the product system such as chemical elements and overall
reserves of resources

Depletion of Abiotic Resources - fossil fuels

The loss of fossil fuel resources due to the product system

Eutrophication — generic

The potential of the product system to cause eutrophication in all waters

Freshwater Aquatic Ecotoxicity

The potential of the product system to have toxic outputs into freshwater systems

Human Toxicity

The potential of the product system to have toxic impacts on human health

Ozone Layer Depletion

The potential of the product system to deplete the ozone layer in its current state

Photochemical Oxidisation

The potential of the product system to generate NOx and cause ‘summer smog’ due to
air pollution

Terrestrial Ecotoxicity

The product system'’s potential to have toxic impacts on terrestrial environments

Marine Aquatic Ecotoxicity

The product system’s potential to have toxic impacts on marine environments

52

A. Brock, I. Williams / DETRITUS / Volume 13 - 2020 / pages 47-61



100

80

60

40

Relative Percentage

20

Y

AULALATALAANU LA
T NS

M= @] © g I nm T
c o = @ @ o @ [=) a3 [=
oo 3 ==} [lify=] 3 M in 3
T = @ T @ ] L] o = o]
[ o o= =" = us =
o e o o =. —. —
= (9] -3 o= % o o
o = co o z ™= S
= % ==n = =4 - a
! = = =1 ey =
=3 % gg [=3 ] [ =
o | TS =4 Q =
= @ Zo & g o
@ = w A a T m
1 o @ [4s) = (=)
o ]
o© — Zuw w =1
< o @ 2 2 o
o [=] [ERS] 5 =
o] 2 2 =)
=]
8 o 0 T
Impact Catagory

Packaging Type
FAGlass Bottle
P4 Glass Bottle 100%r
EIPET Battle
B Aluminium Can
B8 Aluminium Can 100%r

NN RN RNNRNRNNNNANENSNY
Y

Yy

0 = '
gg oz < %%
= 9 = m=
£a g & I3
— = = 'U:,L=
o [a+] o S0
b= 3 o =,
@ =. m =
= o % )
w) © S m
18] [w]
=] e 2 =1
T o o g
g g = o
. ] 5 =
O . l '
U o
o ['=] —_U
= =

FIGURE 3: Relative results from pressurised beverage packaging category using CML impact methods. Product with the maximum indicator
is set to 100% and other variants displayed in relation to this result indicating differences from maximum impact indicator.

4.2 Pressurised Beverage Packaging Life Cycle As-
sessment

The Pressurised Beverage Packaging Category LCA
had the highest number of product systems assessed, in-
cluding the PET plastic bottle (entirely plastic packaging)
and a hypothetical 100% recycled glass bottle and a hypo-
thetical 100% recycled aluminium can. Results from the life
cycle assessment are presented in Figure 3.

The recycled containers were assessed to have lower
impacts overall than their counterparts made of virgin ma-
terials. The 100% recycled aluminium had the lowest im-
pacts overall in this category with the lowest impacts in all
categories except ‘Marine Aquatic Ecotoxicity’ (lower than
its virgin counterpart). The beverage packaging type with

the most maximum indicators was the virgin glass bottle,
the maximum in eight of the twelve categories.

The PET bottle scored the maximum indicator for two
categories; ‘Depletion of Abiotic Resources — elements,
ultimate reserves’ and ‘Ozone Layer Depletion’. The virgin
aluminium can was the maximum indicator for the ‘Marine
Aquatic Ecotoxicity’ category.

Within the Pressurised Beverage Category (ranks
shown in Table 4, combined results shown in Table 5), the
glass bottle was the highest ranked overall for environmen-
tal impacts across all impact categories with the 100% re-
cycled glass bottle second. The 100% recycled aluminium
can is the lowest ranked gaining the lowest score of 5 in
all categories bar one, Marine Aquatic Toxicity, where it

TABLE 4: Ranks for each beverage packaging in the Pressurised Beverage Packaging Category across all eleven CML impact categories; 1 is
the highest rank for the most impactful packaging, 5 is the lowest for the least impactful..
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TABLE 5: Collated rank scores for each beverage packaging type in
the Pressurised Beverage Category.

Ranked Score (lowest value is

Beverage Packaging Type most impactful)

Glass Bottle 15
Glass Bottle T00%R 29
PET Bottle 32
Aluminium Can 35
Aluminium Can 100%R 53

scored 3. Notably this is the impact category in which the
virgin aluminium was identified as the most impactful bev-
erage packaging. Both categories of aluminium cans were
less impactful overall than the PET plastic bottle according
to the ranked scores. The recycled versions of the glass
bottle and the aluminium can both came second to their
virgin counterpart.

4.3 Fruit Juice Beverage Packaging Life Cycle As-
sessment

The Fruit Juice Beverage Packaging Category was the
only one to assess the impacts of Tetra Pak. Results from
the LCA are shown in Figure 4. This category shows similar
results to the Pressurised Beverage Category, with glass
being assessed to have the highest impacts overall. The
PET bottle has the highest impacts in the same two cate-
gories as in the ‘Pressurised Beverage’ category; ‘Depletion
of Abiotic Resources — elements, ultimate reserves’ and
‘Ozone Layer Depletion’. The key difference is the inclusion
of the Tetra Pak container, which shows comparatively very
low impacts compared to the other product systems even
with no recycled content, the only categories where Tetra
Pak has noticeable impacts are both the marine and fresh-
water toxicity and fossil fuel depletion.
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Within the fruit juice beverage category, ranks shown in
Table 6, the combined results shown in Table 7, the glass
bottle was the highest ranked overall for environmental
impacts across all impact categories with the 100% recy-
cled glass bottle the second most impactful. The Tetra Pak
carton is the lowest ranked gaining the lowest score of 4
in all but two categories, scoring 3 in Depletion of ‘Abiotic
Resources elements, ultimate reserves’ and scoring 2 in
‘Freshwater Aquatic Ecotoxicity’. The PET bottle was the
third most impactful of the four ranked beverage packag-

TABLE 6: Ranks for each beverage packaging in the fruit juice bever-
age packaging category across all eleven CML impact categories; 1
is the highest rank for the most impactful packaging, 5 is the lowest
for the least impactful.
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FIGURE 4: Relative results from Fruit Juice Packaging category CML impact methods. Maximum indicator is set to 100% and other variants
displayed in relation to this result indicating differences from maximum impact indicator.
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TABLE 7: Collated rank scores for each beverage packaging type in
the Fruit Juice Beverage Category.

Ranked Score (lowest value is

Beverage Packaging Type most impactful)

Glass Bottle 13
Glass Bottle T00%R 27
PET Bottle 30
Tetra Pak 14

ing types in this category, and did score the highest ranks
in two categories ‘Abiotic Resources elements, ultimate
reserves’ and ‘Ozone Layer Depletion’ the same impact cat-
egories the PET bottle gained the highest rank for in the
pressurised beverage packaging LCA rankings.

4.4 Milk Beverage Packaging Life Cycle Assessment

The milk beverage packaging category LCA was the
only one that included the HDPE plastic bottle as the base-
line plastic. It also was the only LCA to include the milk car-
ton and HDPE plastic bottle; this LCA had the hypothetical
100% recycled glass bottle as a recycled option (Figure. 5).
Both glass bottles were the most and second most impact-
ful packaging type in all categories in this LCA, the HDPE
bottle was the third most impactful packaging type in all
the impact categories. Unlike the PET bottle in the other
beverage categories the HDPE bottle did not have a higher
impact in any impact category than the glass bottles. The
milk carton has low overall impacts in all categories.

Within the Milk Beverage Category, ranks shown in
Table 8, the combined results shown in Table 9, the glass
bottle was the highest ranked overall for environmental im-
pacts across all impact categories with the 100% recycled
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glass bottle the second most impactful. The milk carton is
the lowest ranked in all categories.

The HDPE plastic bottle scored 3 in all categories aside
from ‘Depletion of Abiotic Resources elements, ultimate re-
serves’ where it scored 4, it did not have the highest impact
in any impact category unlike the PET plastic bottle in the
two other categories.

4.5 Most Overall Impactful Beverage Packaging

Different processes within each product system had
the highest contributions to the overall impacts in each

TABLE 8: Ranks for each beverage packing in the Milk Packaging
Category across all eleven CML impact categories; 1 is the highest
rank for the most impactful packaging, 5 is the lowest for the least
impactful.
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FIGURE 5: Relative results from the Milk Packaging category CML impact methods. Maximum indicator is set to 100% and other variants
displayed in relation to this result indicating differences from maximum impact indicator.
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TABLE 9: Collated rank scores for each beverage packaging type in
the Milk Beverage Category.

Ranked Score (lowest value is

Beverage Packaging Type most impactful)

Glass Bottle 11
Glass Bottle T00%R 24
HDPE Bottle 33
Milk Carton 42

impact category. Understanding where the impacts come
from may demonstrate which processes need improve-
ment or mitigation to minimise impacts. In the ranked
scores for all its beverage categories, virgin glass had the
highest impacts across all categories, the two plastic bot-
tles both came third in their categories. However, the pres-
surised beverage packaging category had five packaging
types unlike the other two, but in all LCAs plastics ranked
below the two glass packaging types and above the other
alternatives to plastics.

As glass was overall the most impactful beverage pack-
aging type, understanding exactly where the high impacts
are originating could help in minimising them in future
packaging. As virgin glass bottles had maximum impacts
in all CML categories across the beverage categories all
impact categories are included in Table 10.

The virgin glass bottle overall had the highest impacts
coming from the glass melting process. Grouped in this
process were the extraction of composite materials that
made up the glass, the energy to melt the materials and
all emissions from the melt. This process releases a high
level of gases particularly carbon dioxide (and its equiva-

lents) which are the indicators for global warming in the
CML impact category ‘Climate Change'. In both the bever-
age categories in which the PET bottle product system was
assessed it was the maximum indicator for the same two
CML impact categories in Table 11. In both the impact cat-
egories for which PET plastic was the maximum indicator
in the pressurised beverage and fruit juice categories, the
PET granule production was the highest contributor to the
impact. PET granule production in these product systems
included material extraction.

4.6 PET and HDPE Plastic Bottle Comparison

The PET plastic bottle would appear more impactful
than the HDPE bottle. However, as life cycle assessment is
comparative only to the other product systems in its spe-
cific assessment, this could be an incorrect assumption.
To assess if there is a significant difference between the
two plastic bottles modelled in this study a further LCA was
conducted for the two plastic bottles.

The results of the LCA conducted for the HDPE and PET
bottles (see Figure 6) indicate that PET plastic bottles have
a higher impact overall and in every CML impact category
than the HDPE bottle. This demonstrates that not all plas-
tics have the same level of impacts and that even packag-
ing choices within plastic bottle options can vary the poten-
tial impact of the packaging.

As PET is the more impactful of the two plastics, and
the more abundant, understanding the sources of the im-
pacts within the processes, as with the glass bottles, can
help understand which processes may need improving to
minimise impacts.

TABLE 10: Highest contributing processes to virgin glass bottles’ product system impacts in CML impact categories, Table does not indicate
percentage contributed compared to other product systems in categories.

Impact Category Highest Contributor % Contributed Indicator

Acidification Potential Glass Melting 97.1 kg SO, eq.

Climate Change Glass Melting 99.0 kg CO, eq.

Depletion of Abiotic Resources -ele- ;| Waste Incineration 50.6 kg antimony eq.

ments, ultimate reserves

Depletion of Resources - fossil fuels | Electricity Demands 56.8 MJ

Eutrophication Glass Melting 98.4 kg PO, eq.

Freshwater Aquatic ecotoxicity Glass Melting 99.7 kg 1,4-dichlorobenzene eq.
Human toxicity Glass Melting 78.4 kg 1,4-dichlorobenzene eq.
Marine Aquatic ecotoxicity Glass Melting 85.6 kg 1,4-dichlorobenzene eq.
Ozone Layer Depletion Electricity Demands 59.1 kg CFC-11 eq.
Photochemical oxidation Glass Melting 96.6 kg ethelyne eq.

Terrestrial ecotoxicity Glass Melting 98.8 kg 1,4-dichlorobenzene eq.

TABLE 11: Highest contributing processes to PET bottles’ product system impacts for CML impact categories in which they had highest
impacts. Table does not indicate percentage contributed compared to other product systems in categories.

Impact Category

Highest Contributor

% Contributed Indicator

Depletion of Abiotic Resources -elements, ultimate reserves PET Granule Production 99.6 kg antimony eq.
Ozone Layer Depletion PET Granule Production 77.0 kg CFC-11 eq.
Depletion of Abiotic Resources -elements, ultimate reserves Waste Incineration 50.6 kg antimony eq.
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FIGURE 6: Results for HDPE bottle and PET bottle life cycle assessment using CML impact methods. Maximum indicator is set to 100% and
other variants displayed in relation to this result indicating differences from maximum indicator.

5. DISCUSSION
5.1 Key Results

The results indicate that there are less impactful pack-
aging types than the two modelled plastic bottles, PET and
HDPE in all three beverage packaging categories. The re-
placement packaging types in each category are shown in
Table 12.

In each category the glass and recycled glass bottle
were always the most impactful packaging type. Both plas-
tics always came below both glass packaging types but
above the other modelled packaging types in each cate-
gory. PET plastics showed maximum impacts in ‘Depletion
of Abiotic Resources -elements, ultimate reserves’ and
‘Ozone Layer Depletion’ CML impact method categories, in-
dicating there are still considerable costs to using plastics.

Whilst the weights of all the packaging types were fairly
consistent, the glass bottles varied greatly in weight with
the heaviest weighing 980g. This variation in weight would
likely mean that the bottles at each end of the range would
present different impact results (an average was taken
for this study). Another factor was that energy had to be
carefully allocated. Incorrect energy allocation could lead
to certain product systems, such as a milk cartons, having
far higher impacts in certain categories. This links back to
the earlier discussion on allocation; every effort was made
to ensure all data used was suitable for the UK, and if not
from a UK source modified for UK energy mixes.

The decision to not use weighting allowed all impact
categories to be given equal ranks so level of overall im-
pact was clear to understand. If this study had a specif-
ic focus, such as finding packaging with lower water de-
mands then weighting would have been appropriate, but

this study sought least impactful overall packaging without
contending with the complexities of each impact and the
controversy of placing impacts above each other.

In the Pressurised Beverage Packaging category, pack-
aging was chosen that was commonly used for pressur-
ised beverages. PET plastic bottles are the most common
packaging in this category (Hahladakis et al., 2018). Pres-
surised beverage packaging has to be able to withstand
pressurisation meaning the Tetra Pak and milk carton
types of packaging were unsuitable. It is likely weight was a
factor in the results of the assessment, the lightest packag-
ing types, the aluminium can, and recycled aluminium can
were the least impactful, although the virgin aluminium can
only ranked slightly better than the PET bottle.

This differs from results of other LCAs on PET plastic
bottles and aluminium cans. Some have found aluminium
to be more impactful than PET plastic, especially when
weighting has taken place. Others found aluminium cans
to have a far higher climate change (GWP impact) than PET
plastics (Amienyo et al., 2013; Franklin Associates, 2009).
This may be due to the scoping out of transport as much
bauxite is mined in Australia and transport to and from
that continent would have high fuel demands (Amienyo et
al., 2013). Many LCAs base their measurement on 330 ml
aluminium cans whereas we hypothesised one can that
would hold 1 litre of the beverage, thus using significant-
ly less material by comparison. The dataset used for the
manufacture of the aluminium sheet for the aluminium can
sources the majority of the energy used in production from
hydropower, which is far less damaging to the climate,
where the PET granule manufacture uses a majority of oil,
coal and gas energies.
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TABLE 12: Highest contributing processes to PET bottles’ product
system impacts for CML impact categories in which they had high-
est impacts. Table does not indicate percentage contributed com-
pared to other product systems in categories.

Packaging Types to Replace

Beverage Packaging Category Plastics

Pressurised Aluminium can or 100% recycled

aluminium can

Fruit Juice Tetra Pak

Milk Milk Carton

The fruit juice category showed similar results to the
pressurised beverage packaging category. The Tetra Pak’s
low impacts are due to the fact that around 75% of the Tet-
ra Pak packaging is made of paper, which unlike the other
materials used in beverage packaging, is renewable (Fach-
verband and Kartonverpackungen, 2007; Jelse et al., 2009).

The Tetra Pak may show low impacts due to the far
lower energy demands and the highest proportion of the
container being made of paper which does not require min-
ing or other similar processes to extract. However, the recy-
cling of Tetra Pak is problematic, whilst all the component
parts can be recycled this is an energy intensive process
as the composite material must be separated then the ad-
ditional recycling processes must take place (TERI, 2010;
Tetra Pak, 2012). The plastic and paper materials which
make up most of the Tetra Pak are not indefinitely recycla-
ble due to the shortening of the paper fibres and polymer
chains, additionally this recycled material is often downcy-
cled into less recyclable products (TERI, 2010).

The impacts on both water ecotoxicity categories for
the Tetra Pak, the categories it has the most noticeable
impacts on, is from the polythene and aluminium as char-
acterised by openLCA, the paper content of the packaging
seems to have little impact on any CML impact category.
However if a different impact category set was used that
considered water demands it may have greater impacts
due to growing trees.

In the Milk Beverage Category both the HDPE bottle
and milk carton products showed far lower impacts than
both the virgin glass and recycled glass bottles. Both are
over fifteen times lighter than the glass bottles modelled
so use far less material. Both also require far lower tem-
peratures to be manufactured, the milk carton only using
heat for the LDPE plastic coating over the main paper body
of the packaging. The milk carton has less environmen-
tal impacts than the HDPE bottle in this category as it is
made predominantly of paper and is only 5% plastic.. The
results of this study align with the findings of the extensive
literature review of by Von Falkenstein et al., (2010), which
found most LCAs assigned the lowest impacts to carton
type packaging particularly for climate change and acidifi-
cation potential.

The milk carton has similarly problematic recyclability
issues to the Tetra Pak, whilst it does not include alumini-
um so separation of the composite materials includes less
energy, there is still a limited number of councils that col-
lect cartons, and only one UK carton recycling plant (WRAP,
2017). There are similar issues to the Tetra Pak with the
materials having limited recyclability and will often be

made into downcycled materials and products. Similarly to
the Tetra Pak, the milk carton shows most impacts on the
marine and freshwater ecotoxicity categories; this is due to
the LDPE coating on the packaging. However, as the mod-
els do include end of life treatment these packaging types
still rank far lower in impacts than other packaging in their
categories even with their low recycling rate.

Whilst this study was not conducted using data direct-
ly obtained from the manufacturer or using the ecoinvent
database, as many of the studies in this area do, instead
using and adapting freely available data, similar results
have been reached (Amienyo et al., 2013; Cleary, 2013;
Eriksson et al., 2009; Meyhoff Fry et al., 2010; Saleh, 2016).
This is important to note due to the complexity of LCAs
and the general reliance of practitioners on these sources
of information. Our results are consistent with the general
outcomes from other LCAs obtained using information ac-
cessible to those without the means to access expensive
or privileged sources of information.

When the PET plastic bottle and the HDPE plastic bot-
tle were compared the HDPE's lower impact scores, and
relative lightness compared to the PET suggests light
weighting may be a solution to be explored for PET bot-
tles, as reducing the material used will reduce the impact
per container. This could be considered for all packaging
types; lighter containers are generally less impactful and
the heaviest packaging, glass, was always the most im-
pactful overall in all packaging categories.

Other studies have found virgin and recycled glass
to have a high level of impacts relative to other packag-
ing (Accorsi et al., 2015; Cleary, 2013; Saleh, 2016). Other
studies have also found plastics to have high comparative
impacts to ozone depletion and abiotic resource deple-
tion compared to other packaging types, as found in this
study (Fachverband and Kartonverpackungen, 2007; Jelse
et al., 2009; Meyhoff Fry et al., 2010). The other beverage
containers tested showed similar results to previous LCAs
that tested their product type, except for aluminium cans
showing high Aquatic ecotoxicity in previous studies. Tetra
Pak and milk cartons had lower impacts than other bev-
erage containers except those that modelled containers
not included in this study, such as pillow pouches for milk;
(Fachverband and Kartonverpackungen, 2007; Jelse et al.,
2009; Meyhoff Fry et al., 2010; Saleh, 2016). The only as-
sessed beverage packaging type that did not show similar
results, as previously discussed, was the aluminium can
when compared to the PET bottle.

One of the study’'s aims was to critically evaluate the
costs, benefits, advantages and disadvantages of plastic
as a beverage packaging material. The results of the LCA
yield some valuable results in this regard. Plastics are less
impactful on a single use basis than glass (even 100% re-
cycled glass), probably because it is considerably lighter
and requires less energy to manufacture, so there are bene-
fits from using plastics as packaging materials. The HDPE
plastic showed no maximum indicators in any category,
showing it could be a lower impact alternative to glass.

When the PET and HDPE bottles were compared, the
results for impacts in the ‘Depletion of Abiotic Resourc-
es -elements, ultimate reserves’ and ‘Ozone Layer Deple-
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tion' showed how high the impacts from PET bottles are
in these categories. HDPE in the Milk Beverage Packaging
Category did not show the lowest impacts in those catego-
ries. The HDPE bottle is lighter than the PET bottle and the
granules require less energy to manufacture (see Appen-
dix 1). The differences in the manufacturing processes of
these two polythene-based thermoplastics may factor into
the vast comparative difference between their impacts. A
higher amount of crude oil is used to manufacture the PET
granules than the HDPE granules per kilogram which like-
ly contributes in part to the impact gap between the two
(Plastics Europe, 2018).

Unlike the HDPE bottle, the PET bottle showed up as a
maximum indicator in some CML impact categories. The
categories in which PET was maximum indicator in the
pressurised and fruit juice categories (‘Depletion of Abi-
otic Resources -elements, ultimate reserves’ and ‘Ozone
Layer Depletion’) are in line with other studies (Accorsi et
al., 2015; Morales-Méndez and Silva-Rodriguez, 2018). The
biggest factor in both of these impacts is the production of
plastic granules, which encompasses inputs and outputs
of mining raw materials, processing, and preparation for
manufacture. Ozone depletion has been linked to plastic
production by several other studies, in some studies this
is found to be due to chemicals used in the blowing pro-
cess, however, this stage is not part of granule production
(Morales-Méndez and Silva-Rodriguez, 2018). Therefore,
the costs of PET plastics as a beverage packaging are high
in these processes as both contribute to the depletion of
resources, ultimate reserves and fossil fuels; this is unsus-
tainable.

Plastics are widely recycled, unlike some of the oth-
er modelled packaging such as Tetra Pak, and rPET and
rHDPE granules are now available to be used in bottle
manufacture, however they do not alter the manufacture
process which glass cullet does by lowering heat or ener-
gy demands (Meyhoff Fry et al., 2010). The only potential
reduction in impacts from using recycled plastics granules
is in relation to minimising extraction of raw materials and
initial material production. However, as plastics are not in-
definitely recyclable, raw materials will always need to be
extracted to create new bottles.

Plastics have many benefits as a packaging material,
being light, durable and less fragile than glass and need-
ing less raw materials per bottle than some of their alter-
natives (Andrady and Neal, 2009). In some cases, such
as bottled water supplied to areas with unsanitary water
stress, plastic bottles are vital, and plastics can be used
for many beverage types. However as demonstrated in this
study plastic bottles can have high environmental impacts
compared to some other beverage packaging, and in a few
impact categories are worse than the far heavier glass.

Glass bottles, both virgin and recycled had high im-
pacts compared to all other product systems, however this
does not consider the potential of reusing the glass bot-
tles. Many communities no longer have milk delivered, but
previously this was common across the United Kingdom
(Campbell, 1994). These glass bottles were reused multiple
times, this is referred to as its trippage rate, for milk bottles
this is between 20 and 40 cycles of reuse before the glass

would have to be disposed of or recycled (Campbell, 1994).
This would imply, roughly, that one glass bottle, when re-
used would be able to hold the equivalent of between 20
- 40 single use bottles. If this glass were then recycled it
could be less impactful per use than the HDPE plastic bot-
tles. The LCA by Mata and Costa, (2001) found that reused
glass bottle schemes had far lower impacts in all tested
impact categories scoped into that study, than non-re-
turned glass systems. Whilst this study was undertaken
under the former ISO standards, it still indicates that reuse
of glass would be beneficial, especially when compared to
single use glass bottles. This study is also supported by
the findings of Simon et al., (2016), which found that if a
glass bottle was reused it would reduce the environmental
impacts of the container, however reuse only continued to
net benefits for between 7 — 9 uses where it plateaus and
no further significant benefits are generated. Changing to
a reuse scheme would entail far more complex logistics,
even if door to door delivery were not put into place, po-
tentially a deposit scheme or personal refilling would have
to be set up which would be less convenient than door to
door delivery.

People could be encouraged to move away from buy-
ing beverages that could be made at home. Whilst gen-
erally people cannot produce animal milk or fruit juice at
home, people can already make pressurised beverages
with systems such as SodaStream'’s sparkling water maker
to which flavoured syrups can be added to make at-home
versions of popular sparkling drinks (Sodastream, 2019).
This makes use of reusable, durable plastic bottles rather
than single use beverage packaging. Alongside at-home
solutions, common sparkling drinks such as cola, are al-
ready frequently provided in fast food restaurants on tap at
‘free refill’ stations, these could also be utilised ‘on the go’
by people bringing their own container, much as increas-
ingly more people do with refillable coffee cups (Smithers,
2018). The United Kingdom’s government has put forward
the idea of a tax on disposable coffee cups which has, for
some, been a driving force to switch to reusable alterna-
tives, some coffee outlets also offer discounts for those
using reusable cups, or reward schemes (Environmental
Audit Committee, 2018; Smithers, 2018). Similar pressure
on single use packaging, such as a tax, could also cause
changes in behaviour and a move towards reusable bever-
age containers and refill systems.

Plastics are also considered to be less inert in the en-
vironment than glass, as plastics when broken down into
smaller microplastics have many well documented det-
rimental impacts on the environment this study has not
been able to entirely capture the complex impacts plastic
particles can have (Vethaak and Leslie, 2016; Eriksen et
al., 2014). Plastic waste in the environment is noted as a
habitat for various bacteria and pathogens that can be det-
rimental to the environment, whilst there is less research
on glass in this context it does not seem to have the same
impact potential (Vethaak and Leslie, 2016).

Whilst there would still be packaging involved in the
methods outlined above it would be far less, and more
renewable solutions could be found for those, for exam-
ple if a supermarket was providing refills, the containers
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used to transport the concentrate could also be refillable
and reusable and taken back by the beverage manufactur-
er. Companies like Sodastream already have infrastructure
in place for gas canisters for their products to be returned
and refilled. Refill stations would be arguably more difficult
for beverages such as fresh milk and fresh fruit juice that
are more prone to spoiling and have a shorter shelf life
but could be possible with appropriate management and
changes in customer behaviour.

5.2 Limitations

LCA sometimes struggles to model the impacts of
unpredictable factors. For example, the likelihood of inci-
dents due to extraction processes or dangerous manufac-
turing processes are complicated to model because they
do not occur regularly and cannot be scoped into a LCA.
The various different ways materials might be extracted or
obtained cannot all be placed into a single model and the
potential for endless iterations of the models is difficult to
manage. Similarly, the management of waste in ways that
are unpredictable (such as upcycling or fly-tipping) can add
a level of complexity that LCA cannot account for.

Transport was scoped out of the study due to the com-
plexity and variability of transportation methods; each
shipment of beverage packaging may come from different
sources depending on the company producing the bever-
age. Some may have their packaging produced in the same
factory others may ship them in from overseas. There is no
standard that can be applied. However, this does remove a
vital source of emissions from the assessment as vehicu-
lar pollutants can be highly impactful on the environment
and human health. Alongside this some studies that have
attempted to scope in transportation have found that heav-
ier, bulkier packaging types require more fuel and energy
to transport, which would likely impact the results of the
assessment for this study (Accorsi et al., 2015).

6. CONCLUSIONS

This study has successfully reviewed the costs, ben-
efits, advantages and disadvantages of plastics as pack-
aging materials and used LCA to determine if there is
less environmentally impactful beverage packaging than
plastic bottles. It compares beverage packaging through
usage, giving clear results within the scope of the LCA.
In each category there are more environmentally-friendly
alternatives to plastic bottles. For pressurised beverages,
aluminium cans, particularly recycled aluminium cans, are
less impactful. For fruit juice, Tetra Pak packaging is less
impactful and for milk, cartons are less impactful. How-
ever, glass bottles even if they are made completely from
recycled materials are more impactful than plastic bottles.

This shows that whilst there are single use beverage
packaging replacements for plastics they themselves are
not the most negatively impactful single use beverage
packaging within the scope of this study.

Whilst this study supports the results of previous LCAs
for beverage packaging, we have not used subjective
weighting and we have used: i) free, open source software
and ii) the comprehensive CML impact categories that al-

low for a wider analysis of the overall impacts of all pack-
aging types than many previous studies. Due to datasets
being frequently updated for the processes that make up
product systems LCAs need to keep current with changes
to production especially as new innovations and changes
to energy provision can drastically change the environmen-
tal impacts of products.

It is recommended that the packaging types identified
as the least impactful in each category are used in situ-
ations where single use packaging is required. However,
there should be a move towards reusable beverage pack-
aging to reduce environmental impacts and encourage
more sustainable lifestyles. Changes in infrastructure and
potential incentives to use reusable packaging should be
implemented and policies such as the proposed coffee cup
tax should be adapted for single use beverage packaging.
All beverage packaging assessed showed some form of
environmental impacts and both the milk carton and Tetra
Pak, despite being less impactful than the plastic bottles
still contain plastic elements.
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