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Beverage cartons are an important packaging material for dairy and other food products. Despite this impor-
tance, there are few studies that provide an in-depth characterization of beverage cartons when they become
waste. This study aims to fill important data gaps on this packaging waste by presenting the results of a
comprehensive characterization of beverage cartons, using the case study of Vienna. Through manual sorting
analysis and high-temperature washing, moisture and dirt content and beverage carton types were assessed and
annual quantities and separate collection rates were calculated. The results show that over 6,000 tonnes of
beverage carton waste are generated in Vienna each year, mainly from fresh milk and juice. Over 80% of these
are disposed of in mixed MSW, resulting in a net separate collection rate of 19.6%. The specific separate
collection rate varied significantly depending on the type of packaging, ranging from 5 to 36%. In particular,
beverage cartons with a high plastic content (up to 38%) showed a lower separate collection rate, undermining
recycling efforts of beverage cartons. Moisture and dirt levels reached up to 28% of the gross mass, but only
moderate differences were found between beverage cartons from mixed MSW and separate collection. Targeted
consumer education and improved recycling processes would be essential to increase the usability of beverage
carton secondary raw materials for high-value applications.

1. Introduction

Packaging has become an integral part of today’s society, playing a
crucial role in global trade and modern consumer behaviour (Emblem,
2012; Robertson, 2012). However, as household sizes shrink, e-com-
merce and on-the-go consumption grows, the demand for packaging
—especially single-use packaging- is growing and packaging waste
generation has reached record levels (EC, 2022a; Geyer et al., 2017;
Jang et al., 2020). This trend has led to a growing awareness of the need
for sustainable packaging solutions. As governments and industries
focus on improving circularity and recyclability, new regulations were
initiated. For instance, at global level, the plastic treaty aims to improve
the sustainability of plastics, including packaging (Bergmann et al.,
2022; Landrigan et al., 2023). At national and state level, many coun-
tries such as for instance Australia, California, Canada, Japan, or South
Africa, have adopted waste management laws in order to reduce nega-
tive impacts of packaging waste (Nhamo, 2007; Tencati et al., 2016). In
the EU, the Circular Economy Action Plan, have set ambitious targets for
packaging recycling (EC, 2015, 2018b, 2020; EPC, 2018). According to

the EU’s Packaging and Packaging Waste Regulation, and also set out in
the European Plastics Strategy, all packaging must be recyclable or
reusable by 2030 (EC, 2018a, 2022b), which presents significant chal-
lenges, especially for plastic packaging and composite packaging
(4evergreen, 2024; Ragaert et al., 2017; Soares et al., 2022; ZSVR and
UBA, 2023).

Among the various types of packaging materials contributing to the
waste challenge, beverage cartons (BC) represent a significant and
complex fraction that merits closer examination due to their widespread
use and unique material composition. BC consist of cardboard laminated
with layers of plastic and often aluminium to ensure impermeability and
barrier properties, and are widely used as packaging for liquids
(Emblem, 2012; FBCA, 2022; Lahme et al., 2020). Aluminum foil is used
as an additional gas and light barrier for aseptically packaged products
and is therefore found in unrefrigerated products such as UHT (ultra-
high temperature) milk (Robertson, 2012). Beverage cartons are used
all-over the world. In Canada, they are the most important packaging
material for milk, next to HDPE jugs (Sun et al., 2021), while in
Thailand, milk, juice, and coconut juice are the most important

Abbreviations: BC, Beverage carton; MSW, Municipal solid waste; LPW, Lightweight packaging waste.
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beverages packed in beverage cartons (Jacob et al., 2022). In Europe, 75
% of the milk and 59 % of the juice are packaged in BC, and according to
the Food and Beverage Carton Alliance, the market volume of BC in
Europe is approximately 1 million tonnes (FBCA, 2024).

While BC outperform some alternatives, such as plastic and glass
bottles, in life cycle assessments due to their renewable material content
and renewable energy in the production processes (FBCA, 2020; Mark-
wardt et al., 2017; Pasqualino et al., 2011), their apparently low recy-
cling have been criticized. In Thailand, for instance, in the year 2013, a
beverage carton recycling rate of 26.3 % was achieved (Agamuthu and
Viswanathan, 2014), while in Canada, recycling rates vary between
35-67 %, depending on the province (Sun et al., 2021) In the EU, in
2021, roughly half of the BC placed on the market were collected for
recycling (490,000 tonnes), but actual recycling rates are currently not
published by the European industry alliance and are difficult to obtain
from other sources (Robertson, 2021). The latest published recycling
rate was 51 % for all EU member states in 2019 (Robertson, 2021).
However, a new calculation method for the recycling method came into
force in 2020, resulting in significantly lower recycling rates (EC, 2019a;
Kremser et al., 2022; Robertson, 2021). According to independent
sources, even in Germany, known for its sophisticated waste manage-
ment system, the recycling rate of BC is only around 38-48 %, in other
countries it is between 21 and 30 %, and in Austria only one in three BC
is recycled (Fischer, 2024; Getrankekarton Austria, 2023; Lahme et al.,
2020).

In the most widespread recycling process, hydropulping, only the
fibre content can be recycled, but not the plastic and aluminum parts,
which are currently mostly incinerated (Georgiopoulou et al., 2021;
Giirlich et al., 2022; Kremser et al., 2022; Robertson, 2021). Innovative
recycling technologies, such as PolyAl recycling, are emerging, but there
are currently only a few plants, resulting in long transport distances
(FBCA, 2024) and the challenge of making these plants economically
viable (Robertson, 2021). Thus, the increasing proportion of non-fiber
materials complicates efforts to achieve full recycling (Deutsche
Umwelthilfe, 2014; FBCA, 2024; Georgiopoulou et al., 2021; Kremser
etal., 2022; Martinez-Barrera et al., 2019). The high plastic content also
has negative consequences for BC distributors, as demonstrated by a
recent decision by the German Environment Agency to classify 1 L BC for
milk as a single-use plastic article and thus subject to the requirements of
the Single-Use Plastics Directive (EC, 2019b; UBA, 2024).

Another major obstacle is the need for improved collection and
sorting systems. In Thailand, in the year 2013, for instance, separate
collection was, according to Agamuthu and Viswanathan (2014), a
voluntary commitment of the private sector, and collection was orga-
nized as single stream. Contrary to that, the commingled collection of BC
with other packaging types, such as lightweight packaging waste (LPW)
or paper-based materials, as practiced in most EU countries, necessitates
subsequent sorting, resulting in significant losses (FBCA, 2024; Lahme
et al., 2020; Robertson, 2021). However, EU legislation lacks a
mandatory collection target for BC and they are often excluded from
deposit refund schemes (BMK, 2023; FKN, 2021). In Austria, the na-
tional packaging ordinance requires a separate collection rate (SCR) of
50 % by 2022 (BML, 2014), which was exceeded at 63 %
(Getrankekarton Austria, 2022), but the country still faces challenges in
meeting the 80 % target by 2025, especially in urban areas (BML, 2014),
which are known to have less successful separate collection than rural
areas (Lederer et al., 2022; Schuch et al., 2023; Seyring et al., 2016).
Achieving this target will therefore require improvements not only in
separate collection, but also in the datasets used to calculate the SCR. It
is also important to understand the influence of packaging material
composition or moisture and dirt content on the SCR (Gritsch et al.,
2024). This requires analyzing BC not only in one waste stream, but in
mixed MSW and in separate collection, in order to fully capture specific
data on packaging attributes.

Despite the prominence of BC in the packaging sector, significant
data gaps remain regarding their collection, recovery and recycling.
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Some studies have analyzed BC in specific waste streams, in some of
these cases BC are explicitely treated as a separate fraction in waste
sorting analyses, e.g. as ‘tetrapak’ (Denafas et al., 2014), ‘beverage
carton’ (Edjabou et al., 2015; Jacob et al., 2022; Spies et al., 2024),
‘milk/juice carton and alike’ (Edjabou et al., 2021), but often they are
not identified as a separate fraction or it is unclear to which fraction they
should be assigned (Boer et al., 2010; Faraca et al., 2019; Liikanen et al.,
2016), and Robertson (2021) provides an overview of the recycling
options for aseptic BC. However, there are hardly any analyses and
characterization of the quality of BC, except for Thoden van Velzen et al.
(2013; 2017), who provide detailed analyses and characterization of BC
in different MSW streams in the Netherlands, but there is still a
considerable need for research in this area in other countries.

This study addresses this gap by analyzing the qualities and quanti-
ties of BC in household waste in Vienna, Austria, through manual sort-
ing, focusing on mixed MSW and LPW. Key research questions include:
(1) What types of beverage cartons are found in different MSW streams?
(2) What is the quality of beverage cartons in terms of composition,
moisture and dirt? (3) What are the quantities of beverage cartons per
year in the analyzed waste streams? (4) What is the separate collection
rate of beverage cartons?

2. Methods and materials
2.1. Management of BC collection in Vienna

Management of BC collection in Vienna and collection amounts from
2006 to 2020 are described in detail by Gritsch and Lederer (2023).
Until 2018 they were collected in a door-to-door mono-collection called
“Okobox”. Following a successful pilot test in 2018, a commingled
collection of BC, plastic bottles and metals (“yellow-blue LPW collec-
tion”) was introduced in a mixed system of collection points and curb-
side collection. Collection points are organized with collection
containers, while curbside collection is organized with either collection
containers or collection bags, the latter in selected single-family house
areas. Commingled collection led to an increase in the SCR of BC, which
could be explained by the increased convenience for consumers, who
only had to store one instead of three waste fractions, or possibly
because BC was explicitely mentioned as a target fraction on the emblem
of the collection containers, which is a highly visible information
(Gritsch and Lederer, 2023).

2.2. Sampling and pre-sorting

The data for this study was collected during a large sampling
campaign in Vienna in 2022, where all MSW flows in Vienna were
sampled, including the target flows for BC (LPW container and LPW bag
collection) and mixed MSW. The calculation of the sample sizes and the
selection of the samples was carried out by MA 48, the municipal waste
management department. The sampling and the sorting itself was car-
ried out by an engineering office. The sampling campaign for mixed
MSW is based on the ‘Guideline for residual waste sorting analyses’
published by the federal ministry (BMK, 2021), which was developed in
consideration of national (ONORM S 2096, 2005) and European
guidelines and recommendations (EC, 2004). To date, no guidelines
have been established for LPW sampling. In this instance, the sampling
was conducted on the basis of MA 48's extensive experience in the field,
with regular waste analyses having been conducted since 1997 (Egle
et al., 2018).

Sorting was carried out according to a pre-defined sorting catalogue,
which was based on the standard characterization defined in the Aus-
trian technical guidelines (Beigl et al., 2017) and was supervised by the
authors of this study. The pre-sorting of mixed MSW at the first stage
included 16 main fractions, of which one was BC, and the LPW was
sorted into 28 main fractions, of which one was BC. These respective BC
fractions were retained for further in-detail characterization carried out
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by the authors of this study as described in section 2.4. For this study,
only household waste was considered.

For mixed MSW, the sampling lasted for 15 days and each day,
samples were collected from 20 randomly selected addresses throughout
the city, which resulted in total in 300 sampled addresses and in 3,000
kg of sorted mixed MSW. In contrast, LPW was sampled from the
collection vehicles using a wheel loader shovel. Of the 15 collection
routes in the city of Vienna, 13 were sampled randomly to ensure that
the routes were as representative as possible. Each collection vehicle
along a route represented one sample, with 12 vehicles sampled for
container collection and one vehicle sampled for bag collection.

For BC from mixed MSW and LPW container collection a sample
division was necessary to obtain a sample for further analyses. For this
purpose, the respective BC fraction were thoroughly mixed on a plastic
sheet with a shovel and then piled up. This was spread out with the
shovel to form a flat circle with a single layer of BC, which was quar-
tered. Two opposite quarters were discarded, the remaining two quar-
ters were reunited, mixed, spread out in a circle and halved for further
analyses. For BC from LPW bag collection no sample division was con-
ducted. This resulted in a total of 295 pieces BC from mixed MSW, 547
pieces from LPW container and 248 pieces from LPW bag obtained for
detailed characterization.

2.3. Material flows

Material flows have been calculated using material flow analysis
(MFA), which is widely accepted as methodology for the study of waste
management systems (Brouwer et al., 2018; Lombardi et al., 2021;
Schmidt and Laner, 2021; Thomassen et al., 2022; Van Eygen et al.,
2018). Magistratsabteilung MA 48, the municipal waste management
department and also operator of Vienna, provided the data for modelling
the material flows of BC for the years 2009, 2015 and 2022, which is
necessary to further calculate separate collection rates (section 2.5).
Thus, the material flow of BC mpc; was calculated per waste stream i
(mixed MSW, LPW container, LPW bag, Okobox) and year j, by multi-
plying the collected mass of waste stream m; and the concentration of
BC in the waste stream c;; according to the following equation (1).

mBC,ij [t/a} = mu o Cij (1)
2.4. Detailed characterization of BC

The first partial sample was used to determine the moisture content
(MCQ) in a drying oven and to determine the residues and dirt content
(RDC) first. It was then reunited with the other partial sample and the
packaging characteristics were determined for the whole sample by
handsorting.

2.4.1. Moisture content MC and residues and dirt content RDC

MC was computed per waste stream i (mixed MSW and LPW
container collection, LPW bag collection) according to equation (2). For
this, the gross mass mygys;; was recorded when freshly sampled from the
waste streams, then the BC were cut open with a hooked cutter blade and
dried overnight at 80 °C in a drying oven (model: Heratherm™ OGS400)
to obtain the dry mass mgeq ;-

MC;i[%)] = w ¢ 100 )
Lgross,i

The BC were then washed in an industrial front-loading dishwasher
using hot water at 65 °C for 180 s. The dishwasher (model: COMENDA
LF 321 M) was equipped with a rotating sprinkler at the top and bottom
and a removable plastic basket was used to load the BC.

Afterwards they were dried again in the drying oven at 80 °C over-
night to obtain the net mass my,,; in order to calculate the RDC per waste
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stream i according to equation (3) and based on Thoden van Velzen et al.
(2017).

RDCi[%] — mg’o;:n.i — My © 100 (3)
gross,i

2.4.2. Packaging characteristics and composition

The BC of the other half were cut open with a hooked cutter blade
and dried on a plastic sheet at room temperature and atmospheric
pressure for several days until all residual product content was dried.
The entire sample was then manually sorted according to the following
packaging characteristics: compound type, cap type, filling volume,
product category. The product categories were based on Thoden van
Velzen et al. (2017). The following Table 1 provides an overview of the
subcategories of the analyzed packaging characteristics, including a
definition or how it was determined and product examples that were
found in the sorted sample.

As a final step, caps, plastic tops or other removable plastic sub-
components were manually removed from the compound body and
weighed separately to gain information on the material composition and
the minimum plastic content of the BC.

2.5. Separate collection rate SCR

The SCR was computed for all BC and for specific BC fractions i as a
quotient of the separately collected quantity m,.pw,; to the total quantity
MinLpw,i +Minmixeamsw.i according to equation (4). Whether the SCR was
calculated using wet or dry BC mass is stated separately in the results.

Minrpw i

SCR;[%)] = 100 “4)

Mintpw,i + MinmixedMSW i
3. Results and discussion
3.1. Material flows

In Vienna, BC account for about 10 % of LPW and 1 % of mixed MSW,
which is comparable to the shares of non-beverage plastic bottles
(Gritsch et al., 2024; MA 48, 2023). The extrapolation to annual quan-
tities shows, that the total amounts of BC have decreased from 6,551 t/yr
in 2009 to 6,012 t/yr in 2022 (Fig. 1). As BC were collected by mono-
collection called “Okobox” until 2018 (Gritsch and Lederer, 2023), the
amounts found in the LPW in 2009 and 2015 were very small, which
changed after 2018.

In 2022, 4,900 t/yr of BC were calculated to be in mixed MSW and
1,112 t/yr in the LPW, with 1,081 t/yr in the LPW container and only 31
t/yr in the LPW bag collection. This is significantly less than container
collection, but bag collection is only carried out in selected areas of
Vienna with only 9 % of the population (Gritsch and Lederer, 2023).

In total, this accounts for 3.1 kg per capita per year in Vienna in 2022
(Statistik Austria, 2024a).

National data show a total market volume of 19,660 t/yr in Austria in
2023, which with a population of 9.105 million would account for 2.2 kg
per capita per year (Statistik Austria, 2024b; WKO, 2024). The differ-
ences may be due to the different consumption habits of people in urban
and rural areas, but need to be further investigated, for example in
comparison with other Austrian federal states. However, the national
consumption data of Austria fits well with national consumption data of
Germany, which reports 180,000 t/yr for 2021, which with a population
of 83.237 million would be 2.2 kg per capita per year (Cayé and Mar-
asus, 2023; Destatis, 2024). The Netherlands, for example, placed about
60,000 t/yr of BC on the market in 2016, which corresponds to 3.5 kg
per capita, based on a population of 16.979 million (EUROSTAT, 2024;
Thoden van Velzen et al., 2017). The slightly higher values compared to
Vienna may be explained by the fact that in northern countries such as
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Scandinavia, but also in the Netherlands, yoghurt is usually packaged in
BC and not in cups as in Austria, which results in higher BC consumption
(Thoden van Velzen et al., 2017). Similar values as in the Netherlands,
namely 3.6 kg per capita, were found for Thailand in the year 2013
(Jacob et al., 2022), explained by the authors by the comparatively large
food delivery and eating out rate in the country.

The data displayed in Fig. 1 are wet masses. However, it is well
known that dirt and residues can make up a significant proportion of
collected packaging and must be taken into account in mass-based cal-
culations of performance indicators such as the SCR (Thoden van Velzen
et al., 2019).

pasteurized milk (fresh milk), ESL milk,

buttermilk, whey
Pasteurized and/or microfiltrated milk,

ESL milk
(Flavored) buttermilk, whey, yogurt,
UHT soy/oat/almond/rice/coconut milk

vanilla/chocolate milk

Juices, long-life milk
long-life cow’s milk
fruit juices, wine, icetea

Example

3.2. Types and qualities of BC

3.2.1. Moisture content MC and residues and dirt content RDC

BC from mixed MSW have the highest MC at 24.1 % in contrast to BC
from LPW at 22.7 % and 22.1 %. As expected, the RDC values are higher
than for MC. The RDC for BC from the mixed MSW is 28.4 %, that from
the LPW is 23.0 % and 22.7 %, respectively (see Fig. 2).

Thoden van Velzen et al. (2013; 2017) found in their studies in the
Netherlands RDC values in BC of 22-37 % and 27-43 % in separately
collected waste and 26-52 % in BC recovered from mixed MSW.
Moreover they found no clear relation between collection system and
total average RDC level, which could be also the case in this study,
because differences between mixed MSW and LPW are not considerable
high.

The RDC values found in this study are at the lower end of the range
reported by Thoden van Velzen et al. (2017). This could be due to the
considerably high proportion of BC filled with yoghurt in the
Netherlands, with a market share of around 27 %, which also shows the
highest RDC levels in their study (Thoden van Velzen et al., 2017). That
is likely due to rheological properties, which have previously been
described as a major issue for food residues in packaging (Cragnell et al.,
2014; Liu et al., 2018; Meurer et al., 2017), and is also supported by
Wohner et al. (2019) and Klein et al. (2024), who found that high-
viscosity products in BC had the highest amounts of residues. In addi-
tion to rheological issues, packaging design is also likely to have an
impact on emptiability and residues, such as unfavorable geometries,
cap types, foldings or the cutting rings in closures for aseptic BC (Klein
et al., 2024; Meurer et al., 2017; SIG, 2019).

The clear difference between MC and RDC for BC from the mixed
MSW compared to the only very small difference for LPW, could be an
indication of the consumer behavior. Since there are obviously fewer dry
residues in the BC from LPW than in the BC from the mixed MSW, they
are possibly more likely to be rinsed out with water, at least this was
qualitatively observed during manual sorting in this study. Williams

Packaging material made of carton and plastic laminate, usually used for refrigerated products with a shelf life of a few days (

Robertson, 2012).
Determined by declaration and the storage advice ‘suitable for unrefrigerated storage if unopened, store refrigerated after

Bottle-shaped top with big centered screw cap with a big base of plastic covering the entire top of the BC (Tetra Pak, 2025).
opening’ on the packaging.

Packaging material made of carton, plastic laminate and aluminum foil as a light and gas barrier, used for aseptic products
All other screw caps

with a shelf life of weeks to months without cooling (Robertson, 2012).
Determined by declaration, ingredients and the storage advice ‘suitable for unrefrigerated storage if unopened, store

No cap. Rather rare, has been more widespread in the past then now (Robertson, 2012), usually for BC with a straw.
refrigerated after opening’ on the packaging.

Determined according to declaration
Determined according to declaration

Determined according to declaration
Determined by declaration and the storage advice ‘store refrigerated before and after opening’ on the packaging.

Determined by declaration, ingredients and the storage advice ‘store refrigerated before and after opening’ on the
Determined by declaration and the storage advice’store protected from heat and store refrigerated after opening’.

Definition / Distinctive feature
packaging.

Description of beverage carton packaging characteristics Compound type, Cap type, Filling volume and Product category with examples found in the sorted waste sample.

g et al. (2018) already mentioned, that packaging from separate collection
;:O show less residues, as consumers might rinse them in order to store them
= at home without smell. Moreover, it has already been described that
E 4 N ‘;E packaging that is empty and clean is more likely to be disposed of
E % 8 8 2 separately, while packaging with residual contents is more likely to end
u; g ?‘j & g up in mixed waste (Nemat et al., 2022; Thoden van Velzen et al., 2019;
ks g 5 g 2 = g % Wikstrom et al., 2016; Williams et al., 2018).
%5 E T‘; 58 . M é ?é = Particularly in the case of BC, residual contents, other organic im-
5 s E g ; g g8 g E E E g purities and increased moisture content have a major influence on the
ﬁ i:j 5 5 g8z 3‘ g N £ 8 5 5 B quality as secondary material. They provide a breeding ground for mi-
croorganisms, which in turn attack the paper fibres and leave a lasting
odour in the secondary material, which has a detrimental effect on the
o quality (Miranda et al., 2011; Thoden van Velzen et al., 2017). There-
5‘, . = fore, the use of secondary raw materials from hydropulped BC is regu-
3 s & g % lated in the food packaging sector and is unattractive from the paper
= £ '§ N é’ 5 industry’s point of view, because the European List of Standard Grades
- ;i g3 5 o g of Paper and Board for Recycling lists foodstuffs among the prohibited
% 5 _g § § é 2 materials in the waste paper recycling process, probably due to hygiene
g issues arising from the residual content (BfR, 2019; EN 643, 2014).
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Fig. 1. Annually collected amounts of beverage cartons (BC) in Vienna in the mixed MSW, Okobox collection, LPW container collection and LPW bag collection for

the years 2009, 2015 and 2022, in t/yr on a wet mass basis.

30.0%

25.0%

20.0%

15.0%

10.0%

5.0%

0.0%
Moisture content

28.4%

23.0¥

N
(35

2.7%

B Mixed MSW
B LPW container collection
OLPW bag collection

Residues and dirt content

Fig. 2. Moisture content and residues and dirt content of BC in mixed MSW, LPW container and LPW bag collection, in w%.

3.2.2. Packaging characteristics and composition

The BC in the mixed MSW as well as in the LPW container collection
are composed of approximately equal parts of aluminum-carton-plastic
and carton-plastic compound type, as (Fig. 3). In the LPW bag collec-
tion, more carton plastic compounds were found at 65 %. In all three
waste streams BC with a filling volume > 1L are predominant with 85 %
in mixed MSW, 91 % in LPW container and 79 % in LPW bag collection,
totalling 3,767 t/yr. Consequently, BC with a filling volume of less than
1 L account for 9-21 % or 599 t/yr. Fresh milk has the largest share of all
product categories in all three waste streams (40-55 %), totaling 1,797
t/yr, followed by juice (21-23 %) with 1,004 t/yr and UHT milk (9-20
%) with 839 t/yr. UHT milk alternatives represent the smallest amount
at 293 t/yr, but they account for a significant 13 % of the LPW container
collection. They are becoming increasingly popular among consumers
and are recording steadily growing sales (Mertding et al., 2023).

Regarding the cap type, only a very small proportion of the BC were
made without a cap (2 % in mixed MSW, 1 % in LPW container and 0.1
% in LPW bag collection). Thus, the highest total quantity of BC were
made with a screw cap (3,474 t/yr) or a Tetra Top® screw cap (800 t/
yr). Compared to BC with simple screw caps, BC with Tetra Top® have a
significantly higher plastic content, as the entire top of these BC is made
of plastic. Tetra Top®-BC with > 1L consist of at least 8 g of plastic in a
total mass of 31 g, which represents about 25 % (Fig. 4). Those with
0.25 < x < 1 L have at least 33 % plastic content and those with < 0.25L
at least 38 %. In comparison, BC with a simple screw cap have plastic
contents of at least 8 %, 12 % and 17 %, respectively. The actual plastic

content of the whole BC is higher as the plastic laminations have not
been taken into account. Thoden van Velzen et al. (2017) found card-
board shares between 67-79 %, plastic rigid shares of up to 14 % and
plastic lamination shares between 12-23 %. This high proportion of
plastic in BC is often subject of discussion, because it lowers the effi-
ciency of the recycling process if only paper is recycled (Deutsche
Umwelthilfe e.V., 2014; Giirlich et al., 2022). However, despite the
higher plastic content the Tetra Top® cap can improve the emptiability
of the BC (Klein et al., 2024), which in turn improves the overall life
cycle impact.

3.3. Separate collection rate

The calculated gross SCR for 2022 is 18.5 % (Fig. 5). Compared to the
SCR calculated for 2009 (7.6 %) and 2015 (9.4 %), this represents a
doubling, which can be attributed to the commingled collection of BC
with other LPW instead of mono collection, as already shown by Gritsch
and Lederer (2023). According to national data, 13,803 t of BC were
collected in Austria in 2023 out of a total market volume of 19,660 t,
which would correspond to a SCR of 70 % (WKO, 2024), which is much
higher than in Vienna. However, these two values are not directly
comparable. On the one hand, the exact calculation basis for the national
data remains uncertain, in particular whether net or gross collected
amounts were used. Gross values, which include dirt, residues, and
contaminants, cannot be directly compared with the volume of BC
placed on the market, as this would artificially increase the SCR. In
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Fig. 3. Composition of BC with regard to packaging characteristics ‘compound type’, ‘filling volume’, ‘cap type’ and ‘product category’, shown per waste stream
(LPW bag, LPW container, mixed MSW) in % and t/yr (dry mass) for the year 2022.

contrast, the calculated SCR for Vienna is not based on the market vol-
ume of BC in Vienna, but on the quantities in household waste, specif-
ically in mixed MSW and LPW, as indicated by the indices in Equation
(4), which allows a valid like-for-like comparison. In contrast to the
calculated gross SCR, the weight-averaged net SCR of BC (excluding
moisture, dirt and residues) is 19.6 %, which can be explained by the
higher RDC of BC from mixed MSW and therefore an overestimation of

their mass. This can be seen even more clearly in other packaging such as
plastic bottles (Gritsch et al., 2024). Thoden van Velzen et al. (2013)
found SCR of BC between 3-57 % in different Dutch municipalities, and
a similar weight-averaged SCR of 20 %.

The SCR calculated for specific packaging or product characteristics
showed no big difference in compound type (18.7-21.5 %), however,
increasing values for increasing filling volume, with 4.8 % for BC <
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Fig. 5. Specific separate collection rates (SCR) for specific product characteristics of
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in w% on a dry matter basis (black line) and wet matter basis (dashed line), sample size per fraction is given as n.

0.25L, 14.6 % for 0.25 < x < 1L and above-average 20.7 % for > 1L. This
is also in line with other studies, which show that small packaging is
more likely to be disposed of in mixed MSW (Gritsch et al., 2024; Gritsch
and Lederer, 2023; Nemat et al., 2022; Thoden van Velzen et al., 2019).
BC with Tetra Top® and without cap showed SCR at a below-average
rate with 12.2 % and 7.7 % respectively and only BC with other screw
caps reached values above the average SCR at 21.6 %. In terms of
product category, BC for UHT milk alternatives showed by far the
highest SCR at 36.1 %. Probably because people who buy vegan prod-
ucts are more environmentally conscious (Dhont and Ioannidou, 2024;
Habib et al., 2024) and therefore take waste separation more seriously
(Briguglio, 2016; Rousta et al., 2015). Fermented dairy and desserts had
the lowest SCR at 11.7 %.

However, the analysis of the specific SCR should not suggest that the
low SCR of BC in Vienna is solely attributable to packaging

characteristics. As mentioned in the introduction, the urban context
certainly plays an important role, as low SCRs have also been observed
for other packaging waste fractions in Vienna (Gritsch et al., 2024;
Gritsch and Lederer, 2023). It is plausible that a generally low partici-
pation rate in separate waste collection in urban areas contributes to the
low SCR. In comparison, other large federal states in Austria achieve
SCR of 53-70 % for all LPW (Hietler and Pladerer, 2019; TBH, 2019).

3.4. Limitations

One limitation of this study is that the observed differences in spe-
cific separate collection rates may be influenced by confounding factors.
For example, the lower separate collection rate of fermented dairy/
desserts compared to other products such as milk or juice could be due to
differences in packaging size, as smaller packaging is more likely to be
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disposed of in residual waste, as described above, or due to the higher
viscosity of these products, which probably leads to more residual
content and could also influence disposal practices of consumers. These
factors could distort the differences in SCR found and should be inves-
tigated in future research. Another limitation in terms of the specific SCR
is that the present analysis is based on a mixed sample, no mean values
of the specific SCR can be calculated, and therefore it is not possible to
use statistical tests to confirm that the SCR differences are statistically
significant.

In addition, the present study focused primarily on the analysis of
residue levels in different waste streams, without investigating the in-
fluence of other relevant factors. A potential area for future research
could be to investigate the relationship between residue levels and
specific cap/top types, as well as the packaged product, as highlighted in
the work of Klein et al. (2024). Exploring this relationship would pro-
vide valuable insights for refining design recommendations, particular
those aimed at improving emptiability and reducing product waste.

Moreover, this study was conducted as a case study focused on
Vienna, so the findings are geographically limited. Also, due to the time-
consuming, labor-intensive, and costly nature of waste sampling and
manual sorting, the analysis was focused on mixed MSW and LPW only,
however, there are probably other waste streams that include BC, such
as urban waste or commercial waste, but their relevance is considered to
be low. In addition, the sampling period was limited to 15 days in 2022,
so long-term characteristics were not captured and may not reflect po-
tential seasonal variations. Further studies are needed to make
comprehensive statements about the quality and quantity of BC in other
urban areas, nationally and in the long term.

Finally, this study finds indications of consumer behavior with re-
gard to waste sorting, but as this study looked at separate waste
collection from a technical perspective, no definite conclusions can be
drawn about this, and sociological research is recommended to explore
the underlying incentives for consumers to collect packaging waste and
the influence of packaging design in this process.

4. Conclusion

A few decades ago, the main argument in favor of beverage cartons
(BC) was their low carbon footprint. However, the pursuit of circularity
and recyclability has become a more recent challenge that manufac-
turers must address. This study provides the first comprehensive data on
BC quantities and characteristics in an urban area outside the
Netherlands, namely Vienna. Through manual sorting analysis and hot
water washing, key parameters such as moisture content, residues and
dirt content (RDC), BC types, and packaging characteristics were
determined. Additionally, annual quantities and separate collection
rates (SCR) were calculated, providing valuable information for
improving BC collection and recycling systems.

The results of this study show that BC represent a substantial waste
stream in Vienna at 6,012 tons per year, with a prevalence of BC with a
filling volume of 1 L or more. Fresh milk and juice are the most
commonly packaged products in these cartons. A major challenge
identified is the high residues and dirt content (RDC) of BC, reaching up
to 28 %, with only moderate differences observed between BC found in
mixed MSW and those found in separate LPW. Residues in BC could be
attributed to the high viscosity of the products, unfavorable packaging
design leading to poor emptying or insufficient rinsing by consumers
before disposal. As these factors were not specifically investigated in this
study, they require further research. In addition, the separate collection
rate (SCR) for BC is notably low, measured at 18.5 % gross and 19.6 %
net, indicating a significant loss of recyclable material and highlighting
the importance of considering factors such as moisture, residues and dirt
when calculating mass-related performance indicators. The SCR also
varies significantly depending on the packaging characteristics, ranging
from a low of 5 % for BC < 0.25L to a high of 36 % for milk alternatives.
Furthermore, BC with a high plastic content (up to 38 %) had a
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considerably lower SCR, demonstrating that high plastic content not
only hinders recycling but also has a negative impact on collection rates.

The characterization of packaging waste at the level of detail and
including product residues presented in this study is essential to provide
insight into waste management systems and their success. Based on the
results of this study, several key recommendations can be made. To
improve collection and recycling, efforts should focus on increasing
consumer participation in separate collection, especially in urban areas,
and improving consumer education on proper BC disposal and rinsing
practices, together with the implementation of rigorous hygienization
measures in the recycling process to reduce contamination.

From a policy perspective, consideration should be given to intro-
ducing a deposit system for BC to incentivize higher separate collection
rates. Alternatively, exploring common collection and recycling routes
for BC together with other paper-based composite packaging could
streamline recycling processes and improve efficiency. In addition, le-
gally binding design guidelines for manufacturers to reduce the plastic
content in BC should be developed and implemented, as BC manufac-
turers could face more obligations in the future if they are classified as
plastic packaging. This could be supported by incentives such as the
modulation of BC licence fees. The guidelines should also include re-
quirements for emptiability, to minimize product waste.

Looking to the future, it is essential to develop economically
attractive recycling methods for the aluminum and plastic fractions of
BC to move beyond fiber recovery alone. Consideration should also be
given to the successful use of secondary raw materials in BC, as this is
likely to become increasingly important.

Declaration of Generative AI and Al-assisted technologies in the
writing process

During the preparation of this work the author used DeepL in order
to translate, shorten sections and improve readability. After using these
tools, the author reviewed and edited the content as needed and takes
full responsibility for the content of the publication.

CRediT authorship contribution statement

Lea Gritsch: Writing — original draft, Visualization, Methodology,
Investigation, Data curation, Conceptualization. Gisela Breslmayer:
Methodology, Investigation, Data curation. Jakob Lederer: Validation,
Supervision, Project administration, Funding acquisition.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

The financial support by the Austrian Federal Ministry for Economy,
Energy and Tourism the National Foundation for Research, Technology
and Development and the Christian Doppler Research Association is
gratefully acknowledged. Furthermore, we greatly acknowledge the
financial and non-financial support of our company partners, which are,
in alphabetical order: Abfallbehandlung Ahrental GmbH, Altstoff
Recycling Austria AG, Brantner Osterreich GmbH, Holding Graz Kom-
munale Dienstleistungen GmbH, Lenzing Aktiengesellschaft, Linz Ser-
vice GmbH, Mayr-Melnhof Karton AG, OMV Downstream GmbH, Wien
Energie GmbH, and Wopfinger Transportbeton Ges.m.b.H. In addition,
we thank Magistratsabteilung MA 48, the public Waste Management
provider of Vienna. The authors also acknowledge TU Wien University
Library for financial support through its Open Access Funding Program.



L. Gritsch et al.
Data availability
Data will be made available on request.

References

4evergreen. Circularity by design guideline for fibre-based packaging. Version 3, 202.
https://evergreenforum.eu/wp-content/uploads/evergreen-Circularity-by-Design3.
pdf (accessed October 31, 202).

Agamuthu, P., Visvanathan, C., 2014. Extended producers’ responsibility schemes for
used beverage carton recycling. Waste Manage. & Res. J. Int. Solid Wastes and Public
Cleansing Association, ISWA 32 (1), 1-3. https://doi.org/10.1177/
0734242X13517611.

Austrian Standards Institute. ONORM S 2096. Wien, 2005.

Beigl, P., Happenhofer, A., Salhofer, S., 2017. Technische Anleitung fiir die
Durchfiihrung von Restmiill-Sortieranalysen. Wien.

Bergmann, M., Almroth, B.C., Brander, S.M., Dey, T., Green, D.S., Gundogdu, S., et al.,
2022. A global plastic treaty must cap production. Science (New York, N.Y.) 376
(6592), 469-470. https://doi.org/10.1126/science:abg0082.

BfR - Bundesinstitut fiir Risikobewertung. XXXVI. Papiere, Kartons und Pappen fiir den
Lebensmittelkontakt: Stand vom 01.06.2019; 2019.

BMK - Bundesministerium fiir Klimaschutz, Umwelt, Energie, Mobilitét, Innovation und
Technologie. Leitfaden fiir die Durchfithrung von Restmiill-Sortieranalysen
(Guidelines for residual waste sorting analyses). Wien; 2021.

BMK - Bundesministerium fiir Klimaschutz, Umwelt, Energie, Mobilitét, Innovation und
Technologie. Verordnung der Bundesministerin fiir Klimaschutz, Umwelt, Energie,
Mobilitat, Innovation und Technologie iiber das Pfand fiir
Einweggetrankeverpackungen aus Kunststoff oder Metall (Pfandverordnung fiir
Einweggetrdnkeverpackungen); 2023.

BML - Bundesministerium fiir Land- und Forstwirtschaft, Umwelt und Wasserwirtschaft.
Verordnung des Bundesministers fiir Land- und Forstwirtschaft, Umwelt und
Wasserwirtschaft iiber die Vermeidung und Verwertung von Verpackungsabfallen
und bestimmten Warenresten (Austrian Packaging Ordinance); 2014.

den Boer, E., Jedrczak, A., Kowalski, Z., Kulczycka, J., Szpadt, R., 2010. A review of
municipal solid waste composition and quantities in Poland. Waste Manage. (New
York N.Y.) 30 (3), 369-377. https://doi.org/10.1016/j.wasman.2009.09.018.

Briguglio, M., 2016. Household cooperation in waste management: Initial conditions and
interventions. J. Econ. Surv. 30 (3), 497-525. https://doi.org/10.1111/joes.12156.

Brouwer, M.T., Thoden van Velzen, E.U., Augustinus, A., Soethoudt, H., Meester, S. de,
Ragaert, K., 2018. Predictive model for the Dutch post-consumer plastic packaging
recycling system and implications for the circular economy. Waste Manage. (New
York, N.Y.) 71:62-85. Doi: 10.1016/j.wasman.2017.10.034.

Cayé, N., Marasus, K.S., 2023. Aufkommen und Verwertung von Verpackungsabfillen in
Deutschland im Jahr 2021. Mainz.

CEN - European Committee for Standardization EN 643. Brussels, 2014.

Cragnell, C., Hansson, K., Andersson, T., Jonsson, B., Skepo, M., 2014. Underlying
mechanisms behind adhesion of fermented milk to packaging surfaces. J. Food Eng.
130, 52-59. https://doi.org/10.1016/j.jfoodeng.2014.01.021.

Denafas, G., Ruzgas, T., Martuzevicius, D., Shmarin, S., Hoffmann, M., Mykhaylenko, V.,
et al., 2014. Seasonal variation of municipal solid waste generation and composition
in four East European cities. Resour. Conserv. Recycl. 89, 22-30. https://doi.org/
10.1016/j.resconrec.2014.06.001.

Deutsche Umwelthilfe e. V., 2014. Das Marchen vom umweltfreundlichen
Getrankekarton. Hintergrundpapier Getrénkekartons.

Destatis - Statistisches Bundesamt Deutschland. Bevolkerungsstand Statistiken
(Population statistics), 2024. https://www.destatis.de/DE/Themen/Gesellschaft-
Umwelt/Bevoelkerung/Bevoelkerungsstand/_inhalt.htm1#233972 (accessed July
09, 2024).

Dhont, K., loannidou, M., 2024. Health, environmental, and animal rights motives
among omnivores, vegetarians, and vegans and the associations with meat, dairy,
and egg commitment. Food Qual. Prefer. 118, 105196. https://doi.org/10.1016/j.
foodqual.2024.105196.

EC - European Commission. Methodology for the Analysis of Solid Waste (SWA-Tool);
2004.

EC - European Commission. Communication from the Commission to the European
Parliament, the Council, the European Economic and Social Committee and the
Committee of the Regions. Closing the loop - An EU action plan for the Circular
Economy. Brussels; 2015 COM(2015) 614 final.

EC - European Commission. Communication from the Commission to the European
Parliament, the Council, the European Economic and Social Committee and the
Committee of the Regions. A European Strategy for Plastics in a Circular Economy.
Brussels; 2018a COM(2018) 28 final.

EC - European Commission. Directive (EU) 2018/852 of the European Parliament and of
the Council of 30 May 2018 amending Directive 94/62/EC on packaging and
packaging waste; 2018b.

EC - European Commission. Commission implementing decision (EU) 2019/665 of 17
April 2019 amending Decision 2005/270/EC establishing the formats relating to the
database system pursuant to European Parliament and Council Directive 94/62/EC
on packaging and packaging waste; 2019a.

EC - European Commission. DIRECTIVE (EU) 2019/904 OF THE EUROPEAN
PARLIAMENT AND OF THE COUNCIL of 5 June 2019 on the reduction of the impact
of certain plastic products on the environment; 2019b.

EC - European Commission. Directorate-General for Communication, Circular economy
action plan - For a cleaner and more competitive Europe. Publications Office of the

Waste Management 201 (2025) 114781

European Union 2020 (accessed April 13, 2022). https://data.europa.eu/doi/
10.2779/717149.

EC - European Commission. Factsheet - Circular Economy: Packaging and Packaging
Waste Regulation. Brussels; 2022a.

EC - European Commission. Proposal for a regulation of the European Parliament and of
the Council on packaging and packaging waste, amending regulation (EU) 2019/
1020 and Directive (EU) 2019/904, and repealing Directive 94/62/EC: COM(2022)
677 final; 2022b.

Edjabou, M.E., Jensen, M.B., Gotze, R., Pivnenko, K., Petersen, C., Scheutz, C., et al.,
2015. Municipal solid waste composition: sampling methodology, statistical
analyses, and case study evaluation. Waste Manage. (New York, N.Y.) 36, 12-23.
https://doi.org/10.1016/j.wasman.2014.11.009.

Edjabou, M.E., Takou, V., Boldrin, A., Petersen, C., Astrup, T.F., 2021. The influence of
recycling schemes on the composition and generation of municipal solid waste.

J. Clean. Prod. 295, 126439. https://doi.org/10.1016/j.jclepro.2021.126439.

Egle, L., Rolland, C., Broukal, S., Anhang, I., 2018. Ist-Zustand der Wiener
Abfallwirtschaft 2017 (Langfassung). Strategische Umweltpriifung zum Wiener
Abfallwirtschaftsplan (Wr. AWP) 2019-2024 und zum Wiener
Abfallvermeidungsprogramm (Wr. AVP) 2019-2024. In: Stadt Wien-MA 48, editor.
Wiener Abfallwirtschaftsplan und Wiener Abfallvermeidungsprogramm
(Planungsperiode 2019-2024).

Emblem, A., 2012. Packaging and society. In: Emblem, A. (Ed.), Packaging Technology:
Fundamentals, Materials and Processes. Woodhead Publ, Oxford, pp. 3-9.

EPC - European Parliament and Council. Directive (EU) 2018/851 of the European
Parliament and of the Council of 30 May 2018 amending Directive 2008/98/EC on
waste; 2018.

EUROSTAT. Population on 1 January - Netherlands, 2024. https://ec.europa.eu/
eurostat/databrowser/view/tps00001/default/table?lang=en (accessed October 16,
2024).

Faraca, G., Edjabou, V.M., Boldrin, A., Astrup, T., 2019. Combustible waste collected at
Danish recycling centres: Characterisation, recycling potentials and contribution to
environmental savings. Waste Manage. (New York, N.Y.) 89, 354-365. https://doi.
org/10.1016/j.wasman.2019.04.007.

FBCA, 2020. The food and beverage carton alliance. Beverage cartons have a lower
carbon footprint compared to packaging alternatives. Brussels.

FBCA, 2022. The food and beverage carton alliance. Beverage Cartons Design for
Recyclability Guidelines. Brussels.

FBCA, 2024. The food and beverage carton alliance. Beverage Carton Recycling Facts &
Figures. Brussels.

Fischer, T., 2024. Recycling von Getrankekartons in Deutschland 2021. Berlin.

FKN - Fachverband Kartonverpackungen fiir fliissige Nahrungsmittel e.V. Kein Pfand auf
Getrankekartons, 2021. https://www.getraenkekarton.de/kein-pfand-auf-
getraenkekartons/#:~:text=Am%2020.,Der%20Getr%C3%A4nkekarton%20ist%
20davon%20ausgenommen.) (accessed August 04, 2023).

Georgiopoulou, 1., Pappa, G.D., Vouyiouka, S.N., Magoulas, K., 2021. Recycling of post-
consumer multilayer Tetra Pak® packaging with the Selective Dissolution-
Precipitation process. Resour. Conserv. Recycl. 165, 105268. https://doi.org/
10.1016/j.resconrec.2020.105268.

Getrankekarton Austria, 2022. Getrdnkekarton Austria startet Recycling Mission: Tonne
oder Sack? Hauptsache Gelb! Wien.

Getrinkekarton Austria. Recycling. Osterreich: Getrinkekartons in die gelbe Tonne,
2023. http://www.getraenkekarton.at/recycling/ (accessed October 04, 2024).
Geyer, R., Jambeck, J.R., Law, K.L., 2017. Production, use, and fate of all plastics ever

made. Sci. Adv. 3 (7). https://doi.org/10.1126/sciadv.1700782.

Gritsch, L., Breslmayer, G., Rainer, R., Stipanovic, H., Tischberger-Aldrian, A., Lederer,
J., 2024, Critical properties of plastic packaging waste for recycling: A case study on
non-beverage plastic bottles in an urban MSW system in Austria. Waste management
(New York, N.Y.);185:10-24. Doi: 10.1016/j.wasman.2024.05.035.

Gritsch, L., Lederer, J., 2023. A historical-technical analysis of packaging waste flows in
Vienna. Resour. Conserv. Recycl. 194, 106975. https://doi.org/10.1016/j.
resconrec.2023.106975.

Giirlich, U., Kladnik, V., Pavlovic, K., 2022. Circular Packaging Design Guideline:
Empfehlungen fiir recyclinggerechte Verpackungen. Version 05, September 2022.
Vienna.

Habib, M.D., Alghamdi, A., Sharma, V., Mehrotra, A., Badghish, S., 2024. Diet or
lifestyle: Consumer purchase behavior of vegan retailing. A qualitative assessment.
J. Retail. Consum. Serv. 76, 103584. https://doi.org/10.1016/j.
jretconser.2023.103584.

Hietler, P., Pladerer, C., 2019. Restabfallanalyse Oberosterreich 2018/2019 (Waste
analysis Upper Austria 2018/2019). Vienna.

Jacob, P., Kashyap, P., Suwannapan, T., Visvanathan, C., 2022. Status of beverage carton
waste management in Thailand: Challenges and opportunities. Environmental
Quality Mgmt 31 (4), 249-259. https://doi.org/10.1002/tqem.21809.

Jang, Y.-C., Lee, G., Kwon, Y., Lim, J., Jeong, J., 2020. Recycling and management
practices of plastic packaging waste towards a circular economy in South Korea.
Resour. Conserv. Recycl. 158. https://doi.org/10.1016/j.resconrec.2020.104798.

Klein, M., Werner, C., Tacker, M., Apprich, S., 2024. Influence of packaging design on
technical emptiability of dairy products and implications on sustainability through
food waste reduction. Sustainability 16 (15), 6335. https://doi.org/10.3390/
sul6156335.

Kremser, K., Gerl, P., Borras, A.B., Espinosa, D.R., Martinez, B.M., Guebitz, G.M., et al.,
2022. Bioleaching/enzyme-based recycling of aluminium and polyethylene from
beverage cartons packaging waste. Resour. Conserv. Recycl. 185, 106444. https://
doi.org/10.1016/j.resconrec.2022.106444.


https://doi.org/10.1177/0734242X13517611
https://doi.org/10.1177/0734242X13517611
https://doi.org/10.1126/science:abq0082
https://doi.org/10.1016/j.wasman.2009.09.018
https://doi.org/10.1111/joes.12156
https://doi.org/10.1016/j.jfoodeng.2014.01.021
https://doi.org/10.1016/j.resconrec.2014.06.001
https://doi.org/10.1016/j.resconrec.2014.06.001
https://doi.org/10.1016/j.foodqual.2024.105196
https://doi.org/10.1016/j.foodqual.2024.105196
https://doi.org/10.1016/j.wasman.2014.11.009
https://doi.org/10.1016/j.jclepro.2021.126439
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0160
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0160
https://doi.org/10.1016/j.wasman.2019.04.007
https://doi.org/10.1016/j.wasman.2019.04.007
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0180
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0180
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0185
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0185
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0190
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0190
https://doi.org/10.1016/j.resconrec.2020.105268
https://doi.org/10.1016/j.resconrec.2020.105268
https://doi.org/10.1126/sciadv.1700782
https://doi.org/10.1016/j.resconrec.2023.106975
https://doi.org/10.1016/j.resconrec.2023.106975
https://doi.org/10.1016/j.jretconser.2023.103584
https://doi.org/10.1016/j.jretconser.2023.103584
https://doi.org/10.1002/tqem.21809
https://doi.org/10.1016/j.resconrec.2020.104798
https://doi.org/10.3390/su16156335
https://doi.org/10.3390/su16156335
https://doi.org/10.1016/j.resconrec.2022.106444
https://doi.org/10.1016/j.resconrec.2022.106444

L. Gritsch et al.

Lahme, V., Radha, D., Marsh, P., Molteno, S., 2020. Recycling of multilayer composite
packaging: the beverage carton: A report on the recycling rates of beverage cartons
in Germany. Sweden and the UK, Spain.

Landrigan, P., Symeonides, C., Raps, H., Dunlop, S., 2023. The global plastics treaty: why
is it needed? Lancet 402 (10419), 2274-2276. https://doi.org/10.1016/50140-6736
(23)02198-0.

Lederer, J., Bartl, A., Blasenbauer, D., Breslmayer, G., Gritsch, L., Hofer, S., et al., 2022.
A review of recent trends to increase the share of post-consumer packaging waste to
recycling in Europe. Detritus 19, 3-17. https://doi.org/10.31025/2611-4135/
2022.15198.

Liikanen, M., Sahimaa, O., Hupponen, M., Havukainen, J., Sorvari, J., Horttanainen, M.,
2016. Updating and testing of a Finnish method for mixed municipal solid waste
composition studies. Waste Manage. (New York, N.Y.) 52, 25-33. https://doi.org/
10.1016/j.wasman.2016.03.022.

Liu, X., Wang, L., Qiao, Y., Sun, X., Ma, S., Cheng, X., et al., 2018. Adhesion of liquid food
to packaging surfaces: Mechanisms, test methods, influencing factors and anti-
adhesion methods. J. Food Eng. 228, 102-117. https://doi.org/10.1016/j.
jfoodeng.2018.02.002.

Lombardi, M., Rana, R., Fellner, J., 2021. Material flow analysis and sustainability of the
Italian plastic packaging management. J. Clean. Prod. 287, 125573. https://doi.org/
10.1016/j.jclepro.2020.125573.

MA 48 - Magistratsabteilung MA 48 City of Vienna. Wiener Restmiill- und
Altstoffanalysen 2022 (Waste analysis 2022). Vienna; 2023.

Markwardt, S., Wellenreuther, F., Drescher, A., Harth, J., Busch, M., 2017. Comparative
Life Cycle Assessment of Tetra Pak® carton packages and alternative packaging
systems for liquid food on the Nordic market: Final report. Commissioned by Tetra
Pack International SA, Heidelberg.

Martinez-Barrera, G., Colina-Martinez, A.L., Martinez-Lopez, M., Coz-Diaz, J.J.,

Gencel, O., Avila-Cérdoba, L., et al., 2019. Recovery and Reuse of Waste Tetra Pak
Packages by Using a Novel Treatment. In: Trends in Beverage Packaging. Elsevier.

Mertding, Z., Aydar, E.F., Kadi, I.H., Demircan, E., Koca Cetinkaya, S., Ozcelik, B., 2023.
A new plant-based milk alternative of Pistacia vera geographically indicated in
Tiirkiye: Antioxidant activity, in vitro bio-accessibility, and sensory characteristics.
Food Biosci. 53, 102731. https://doi.org/10.1016/j.fbi0.2023.102731.

Meurer, LR., Lange, C.C., Hungaro, H.M., Valenzuela Bell, M.J., Carvalho dos Anjos, V.
de, Antonio de Sa Silva, C., et al. Quantification of whole ultra high temperature
UHT milk waste as a function of packages type and design. J. Cleaner Prod. 2017;
153:483-90. Doi: 10.1016/j.jclepro.2016.10.172.

Miranda, R., Monte, M., Blanco, A., 2011. Impact of increased collection rates and the
use of commingled collection systems on the quality of recovered paper. Part 1:
increased collection rates. Waste Manage. (New York, N.Y.) 31 (11), 2208-2216.
https://doi.org/10.1016/j.wasman.2011.06.006.

Nemat, B., Razzaghi, M., Bolton, K., Rousta, K., 2022. Design affordance of plastic food
packaging for consumer sorting behavior. Resour. Conserv. Recycl. 177, 105949.
https://doi.org/10.1016/j.resconrec.2021.105949.

Nhamo, G., 2025. Environmental Law and policy reform surrounding packaging waste
management in South Africa, 2007 (accessed March 24 South African J. Environ.
Law and Policy 14 (2), 136-157. https://journals.co.za/doi/abs/10.10520/AJA102
31765_112.

Pasqualino, J., Meneses, M., Castells, F., 2011. The carbon footprint and energy
consumption of beverage packaging selection and disposal. J. Food Eng. 103 (4),
357-365. https://doi.org/10.1016/j.jfoodeng.2010.11.005.

Ragaert, K., Delva, L., van Geem, K., 2017. Mechanical and chemical recycling of solid
plastic waste. Waste Manage. (New York, N.Y.) 69, 24-58. https://doi.org/10.1016/
j-wasman.2017.07.044.

Robertson, G., 2021. Recycling of aseptic beverage cartons: a review. Recycling 6 (1), 20.
https://doi.org/10.3390/recycling6010020.

Robertson, G.L., 2012. Food Packaging: Principles and Practice, Third Edition, 3rd ed.
CRC Press, Hoboken.

Rousta, K., Bolton, K., Lundin, M., Dahlén, L., 2015. Quantitative assessment of distance
to collection point and improved sorting information on source separation of
household waste. Waste Manage. (New York, N.Y.) 40, 22-30. https://doi.org/
10.1016/j.wasman.2015.03.005.

Schmidt, S., Laner, D., 2021. The multidimensional effects of single-use and packaging
plastic strategies on German household waste management. Waste Manag. 131,
187-200. https://doi.org/10.1016/j.wasman.2021.06.003.

Schuch, D., Lederer, J., Fellner, J., Scharff, C., 2023. Separate collection rates for plastic
packaging in Austria - A regional analysis taking collection systems and urbanization
into account. Waste Manage. (New York, N.Y.) 155, 211-219. https://doi.org/
10.1016/j.wasman.2022.09.023.

Seyring, N., Dollhofer, M., WeiRenbacher, J., Bakas, I., McKinnon, D., 2016. Assessment
of collection schemes for packaging and other recyclable waste in European Union-

Waste Management 201 (2025) 114781

28 Member States and capital cities. Waste Manage. & Res. J. Int. Solid Wastes and
Public Cleansing Assoc., ISWA 34 (9), 947-956. https://doi.org/10.1177/
0734242X16650516.

SIG. SIG’s innovative combimaxx closure launched for easy opening and superior
pouring, 2019. https://www.sig.biz/es-es/noticias-informacion/notas-de-prensa/
sig-s-innovative-combimaxx-closure-launched-for-easy-opening-and-superior-
pouring (accessed October 16, 2024).

Soares, C.T.M., Ek, M., Ostmark, E., Gillstedt, M., Karlsson, S., 2022. Recycling of multi-
material multilayer plastic packaging: Current trends and future scenarios. Resour.
Conserv. Recycl. 176, 105905. https://doi.org/10.1016/j.resconrec.2021.105905.

Spies, A.M., Kroell, N., Ludes, A., Kiippers, B., Raulf, K., Greiff, K., 2024. Assessing the
resource potential of paper and board in lightweight packaging waste sorting plants
through manual analysis and sensor-based material flow monitoring. Waste
management (New York, N.Y.);189:196-210. Doi: 10.1016/j.wasman.2024.07.034.

Statistik Austria, 2024a. Bevolkerungsstand Statistiken - Offizielle Statistik der Stadt
Wien (Population statistics - Official statistics of the City of Vienna). https://www.
wien.gv.at/statistik/bevoelkerung/bevoelkerungsstand/ (accessed December 06,
2023).

Statistik Austria. Statistik des Bevolkerungsstandes (Population statistics of Austria),
2024b. https://www.statistik.at/statistiken/bevoelkerung-und-soziales/
bevoelkerung/bevoelkerungsstand/bevoelkerung-zu-jahres-/-quartalsanfang
(accessed September 20, 2024).

Sun, J.-P., Calahoo, C., Brown, C., White, M.A., 2021. Environmental impact assessment
of milk packaging in Canada. J. Clean. Prod. 325, 129347. https://doi.org/10.1016/
j-jclepro.2021.129347.

TBH - Technisches Biiro Hauer Umweltwirtschaft GmbH. Niederosterreichische
Restmiillanalyse 2018/2019 (Waste analysis Lower Austria 2018/2019). Wien,
Korneuburg: Technisches Biiro Hauer Umweltwirtschaft GmbH; pulswerk GmbH;
FHA-Gesellschaft fiir chemisch-technische Analytik GmbH; 2019.

Tencati, A., Pogutz, S., Moda, B., Brambilla, M., Cacia, C., 2016. Prevention policies
addressing packaging and packaging waste: Some emerging trends. Waste Manage.
(New York, N.Y.) 56, 35-45. https://doi.org/10.1016/j.wasman.2016.06.025.

Tetra Pak. Tetra Top®, 2025. https://www.tetrapak.com/de/solutions/packaging/
packages/chilled-packages/tetra-top (accessed January 31, 2025).

Thoden van Velzen, E., Brouwer, M., Keijsers, E., Pretz, T., Feil, A., Jansen, M., 2013.
Pilot beverage cartons: Extended technical report. Wageningen: Wageningen UR
Food & Biobased Research.

Thoden van Velzen, E., Huremovi¢, D., Keijsers, E., op den Kamp, R., Brouwer, M.T.,
2017. Recycling of beverage cartons in the Netherlands 2016 Technical report.
Wageningen.

Thoden van Velzen, E.U., Brouwer, M.T., Feil, A., 2019. Collection behaviour of
lightweight packaging waste by individual households and implications for the
analysis of collection schemes. Waste Manage. (New York, N.Y.) 89, 284-293.
https://doi.org/10.1016/j.wasman.2019.04.021.

Thomassen, G., van Passel, S., Alaerts, L., Dewulf, J., 2022. Retrospective and
prospective material flow analysis of the post-consumer plastic packaging waste
management system in Flanders. Waste Manage. (New York, N.Y.) 147, 10-21.
https://doi.org/10.1016/j.wasman.2022.05.004.

UBA - Umweltbundesamt Deutschland. Feststellungsbescheid iiber die Einordnung der
Produktart nach Anlage 1 des EWKFondsG nach § 22 Absatz 1 Satz 1 Nummer 2
EWKFondsG (Allgemeinverfiigung). Dessau-RoRlau; 2024.

Van Eygen, E., Laner, D., Fellner, J., 2018. Circular economy of plastic packaging:
Current practice and perspectives in Austria. Waste Manag. 72, 55-64. https://doi.
org/10.1016/j.wasman.2017.11.040.

Wikstrom, F., Williams, H., Venkatesh, G., 2016. The influence of packaging attributes on
recycling and food waste behaviour — An environmental comparison of two
packaging alternatives. J. Clean. Prod. 137, 895-902. https://doi.org/10.1016/j.
jclepro.2016.07.097.

Williams, H., Wikstrom, F., Wetter-Edman, K., Kristensson, P., 2018. Decisions on
recycling or waste: how packaging functions affect the fate of used packaging in
selected swedish households. Sustainability 10 (12), 4794. https://doi.org/10.3390/
sul0124794.

WKO - Wirtschaftskammer Osterreich. Eine erfolgreiche Ara. Nachhaltigkeitsagenda fiir
Getrankeverpackungen Juni 2024. Wien; 2024.

Wohner, B., Schwarzinger, N., Giirlich, U., Heinrich, V., Tacker, M., 2019. Technical
emptiability of dairy product packaging and its environmental implications in
Austria. PeerJ 7, €7578.

ZSVR - Stiftung Zentrale Stelle Verpackungsregister, UBA - Umweltbundesamt
Deutschland. Recycling im Wandel: Gemeinsam fiir Qualitdt und Quoten!:
Jahrespressekonferenz 4. Dezember 2023, 2023. https://www.umweltbundesamt.
de/sites/default/files/medien/11901/dokumente/praesentation_pk_recycling im_
wandel_gemeinsam_fuer_qualitaet_und_quoten.pdf.

10


http://refhub.elsevier.com/S0956-053X(25)00192-8/h0270
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0270
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0270
https://doi.org/10.1016/S0140-6736(23)02198-0
https://doi.org/10.1016/S0140-6736(23)02198-0
https://doi.org/10.31025/2611-4135/2022.15198
https://doi.org/10.31025/2611-4135/2022.15198
https://doi.org/10.1016/j.wasman.2016.03.022
https://doi.org/10.1016/j.wasman.2016.03.022
https://doi.org/10.1016/j.jfoodeng.2018.02.002
https://doi.org/10.1016/j.jfoodeng.2018.02.002
https://doi.org/10.1016/j.jclepro.2020.125573
https://doi.org/10.1016/j.jclepro.2020.125573
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0305
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0305
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0305
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0305
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0310
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0310
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0310
https://doi.org/10.1016/j.fbio.2023.102731
https://doi.org/10.1016/j.wasman.2011.06.006
https://doi.org/10.1016/j.resconrec.2021.105949
https://journals.co.za/doi/abs/10.10520/AJA10231765_112
https://journals.co.za/doi/abs/10.10520/AJA10231765_112
https://doi.org/10.1016/j.jfoodeng.2010.11.005
https://doi.org/10.1016/j.wasman.2017.07.044
https://doi.org/10.1016/j.wasman.2017.07.044
https://doi.org/10.3390/recycling6010020
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0355
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0355
https://doi.org/10.1016/j.wasman.2015.03.005
https://doi.org/10.1016/j.wasman.2015.03.005
https://doi.org/10.1016/j.wasman.2021.06.003
https://doi.org/10.1016/j.wasman.2022.09.023
https://doi.org/10.1016/j.wasman.2022.09.023
https://doi.org/10.1177/0734242X16650516
https://doi.org/10.1177/0734242X16650516
https://doi.org/10.1016/j.resconrec.2021.105905
https://doi.org/10.1016/j.jclepro.2021.129347
https://doi.org/10.1016/j.jclepro.2021.129347
https://doi.org/10.1016/j.wasman.2016.06.025
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0425
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0425
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0425
https://doi.org/10.1016/j.wasman.2019.04.021
https://doi.org/10.1016/j.wasman.2022.05.004
https://doi.org/10.1016/j.wasman.2017.11.040
https://doi.org/10.1016/j.wasman.2017.11.040
https://doi.org/10.1016/j.jclepro.2016.07.097
https://doi.org/10.1016/j.jclepro.2016.07.097
https://doi.org/10.3390/su10124794
https://doi.org/10.3390/su10124794
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0470
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0470
http://refhub.elsevier.com/S0956-053X(25)00192-8/h0470

	Comprehensive characterization of beverage cartons in urban waste: A case study from Austria
	1 Introduction
	2 Methods and materials
	2.1 Management of BC collection in Vienna
	2.2 Sampling and pre-sorting
	2.3 Material flows
	2.4 Detailed characterization of BC
	2.4.1 Moisture content MC and residues and dirt content RDC
	2.4.2 Packaging characteristics and composition

	2.5 Separate collection rate SCR

	3 Results and discussion
	3.1 Material flows
	3.2 Types and qualities of BC
	3.2.1 Moisture content MC and residues and dirt content RDC
	3.2.2 Packaging characteristics and composition

	3.3 Separate collection rate
	3.4 Limitations

	4 Conclusion
	Declaration of Generative AI and AI-assisted technologies in the writing process
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Data availability
	References


