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Abstract: The adoption of the PPWR by the Council of the European Union (EU/2025/40)
in 2025 intensifies the regulatory pressure on packaging manufacturers and food produc-
ers. This necessitates their adaptation of packaging to the new standards and selection of
materials by various sustainability criteria and minimum standards. The legal text places
particular emphasis on recyclability and the carbon footprint. The dairy industry holds
significant economic importance in the DACH region (Germany, Austria, and Switzer-
land); this study therefore analyzed and compared the recyclability and carbon footprint
of selected product categories and diverse packaging options for butter, yogurt, spreads,
curd cheese, and cottage cheese. This study found large differences within the product
categories, and also between the assessed countries, due to differing waste management
systems (collection, sorting, and recycling) and waste streams. A key finding is the sub-
stantial discrepancy in glass packaging, which significantly exceeds the emission values
of other packaging systems. In terms of recyclability, glass packaging performs well due
to the effectiveness of the recycling systems regarding the future effective PPWR. How-
ever, significant variations in recyclability were observed between Germany and Austria
for tray and cup materials made of PP and PS. Notably, there is a preference for packaging
systems without a cardboard sleeve over those with one. This study provides critical in-
sights into the environmental performance of packaging materials in the dairy sector. It
highlights the challenges posed by regulatory changes and the urgent need for region-
specific strategies. By identifying key areas for improvement in packaging design and
waste management, this work lays the foundation for achieving compliance with the
PPWR and advancing the transition toward a circular economy in the DACH region.
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1. Introduction

The diverse range of properties exhibited by polymers results in their suitability for
many applications. However, this also gives rise to concerns surrounding the increasing
consumption of these materials and their ultimate disposal at the end of their useful life
[1]. In 2022, 400.3 Mt of plastics were produced globally. Of this total, approximately 90%
are fossil-based, while only approximately 9% contain post-consumer recyclate (PCR).
Globally, the most produced polymer is polypropylene (PP), which accounts for 18.9% of
the total, while polystyrene (PS) is estimated to represent 5.2% of the overall polymer
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production. In Europe in 2022, 54 Mt of polymers were converted into plastic products,
with the largest application accounting for 39% of this in the form of packaging material
[2]. These produced masses make the recycling of packaging material economically and
environmentally attractive. Data from Germany show that 36.3% of food packaging is
made of PP [3].

The dairy industry represents the largest agricultural sector in German-speaking
countries. Milk production accounts for approximately 18 to 20% of the agricultural sector
in Germany, Austria, and Switzerland. In terms of production, Germany produced 33.1
million tons of milk in 2020, Switzerland produced 3.38 million tons in 2019, and Austria
reached 3.9 million tons in the same year [4-6]. German markets offer a high variety of
different yogurt products, such as desserts, skyr, cream cheese, and curd [7-9]. Yogurt is
often sold in plastic packaging, due to consumer perception [10]. This packaging can ei-
ther be cups, jars, bottles, pouches, or canisters for bigger quantities [7,11].

In light of the sector’s significance in the DACH region (Germany, Austria, and Swit-
zerland) and the substantial quantities of dairy products requiring packaging, it is of crit-
ical importance to develop packaging solutions for dairy products that align with the prin-
ciples of the circular economy and the Packaging and Packaging Waste Regulation
EU/2025/40 (PPWR) [12].

1.1. Current State of Food Packaging Recycling

Austria, as well as other member states of the EU, is lagging behind on recycling
targets. The target for 2030 is set to be 70% for packaging waste (including glass, metal,
aluminum, plastic, and wood), and Austria performed with a recycling rate of 65.7% in
2020. Especially for plastic packaging, the rate is low at 24.5% in 2022 [13,14]. In Germany,
the production of plastic waste in 2021 amounted to 5.67 million tons, of which a percent-
age of only 35% was recycled. The majority of this plastic waste, 19.7 million tons, was
derived from plastic packaging. It is evident that the recycling rate of plastic packaging in
Germany is significantly higher than in Austria, where 48.4% of plastic packaging was
recycled. Other materials demonstrate higher recycling rates, including glass (80.3%), pa-
per and cardboard (85.1%), and aluminum (62.4%) [15].

In 2023, Switzerland achieved the highest recycling quotas for glass (100%), paper
and cardboard (86%), aluminum (91%), and PET bottles (84%). In contrast, 83% of plastic
packaging was incinerated, with only 9% being recycled into secondary material [16]. A
comparison of the waste management systems in Austria, Germany, and Switzerland re-
veals notable differences in the available collection services. While all three countries offer
area-wide collections of paper and cardboard, aluminum, glass, and blow-molded and
thermoformed PET, the availability of collection infrastructure for rigid PE, PP, and PET
varies. In Germany and Austria, the collection infrastructure for rigid materials is present
in several regions and municipalities, while in Switzerland, it is limited to specific areas.
Notably, flexible PE material is collected in Germany and Austria, but not in Switzerland.
Finally, no waste streams for flexible PS and PET are available in any of the three countries
[17-19].

As defined in prEN 18120-1, plastics packaging recyclability refers to packaging de-
signed in such a way “to be compatible with processes for plastics packaging waste recy-
cling” including collection, sorting, and recycling processes [20]. This means that recycla-
bility is not a packaging property but rather depends on the current waste infrastructure
and processes, as well as the intended use of recyclates. The design of recycling tables and
recyclability are therefore a function of collection, sorting, and recycling infrastructure
and the intended recyclate quality. The design of recycling tables is increasing in complex-
ity and detail and requires all participants of the packaging supply chain to share infor-
mation about packaging composition and minor packaging components such as printing,
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coating, and adhesives along the supply chain because this information is necessary for
recyclability assessments as required by PPWR.

To increase plastic recycling rates, several barriers need to be tackled [21]. One of the
most significant challenges is the heterogeneous composition of plastic waste from house-
hold sources containing potential contaminants such as product residues. [21-23]. Fur-
thermore, the considerable diversity of packaging types, materials, dimensions, shapes,
manufacturing processes, and chemical compositions represents a significant challenge
[21].

An important issue is the presence of contaminants in the waste stream that can im-
pede the production of food-grade recyclate [24-26]. These NIAS (non-intentionally
added substances) limit the potential use of recycled plastics [27,28]. Contaminants may
arise during the collection and reprocessing of plastics, in addition to any substances al-
ready present in the raw materials [29,30]. Recent studies have identified the degradation
of printing ink as a source of DNA-reactive substances [31]. DNA-reactive substances
were also identified in polyolefins in another study [32].

Three measures to tackle the problem of low recycling rates are, therefore, the imple-
mentation of design-for-recycling standards incorporated into product design processes,
the improvement of separate collection, and the improvement of the sorting and recovery
of materials after collection [22,33-46]. Other additional measures that have been widely
proposed are legal tools and deposit systems [44,45].

1.2. Regulatory Framework

The design of packaging with the objective of recycling once it becomes packaging
waste represents one of the most efficient measures to improve the circularity of packag-
ing and raise the rates of recycling and the use of recycled content in packaging [12]. Sev-
eral packaging formats have been subject to voluntary industry schemes or the imposition
of extended producer responsibility fees by certain Member States, intending to establish
criteria for recyclable packaging design. To prevent barriers to the internal market, pro-
vide the industry with a level playing field, and promote the sustainability of packaging,
it is important to set mandatory requirements regarding the recyclability of packaging.
This should be achieved by harmonizing the criteria and methodology for assessing pack-
aging recyclability based on a design-for-recycling methodology at the European Union
level [12].

To achieve the objectives set out in the Circular Economy Action Plan (CEAP) [47], it
is essential that all packaging is either recyclable or reusable in a financially viable manner.
A system of recyclability performance grades should be established based on design-for-
recycling criteria. Packaging that cannot be collected, sorted, or recycled due to its design,
such as black plastics [48] or small packaging sizes [12], will be classified as unrecyclable.
It is therefore imperative that design-for-recycling principles be applied in the develop-
ment of new packaging [12].

The objective of the new PPWR is to establish a harmonized legal framework that
will foster sustainable packaging and, ultimately, a functioning market for secondary raw
materials. The new legislation addresses three major issues identified in a prior impact
assessment: the growing volume of packaging waste, design barriers that prevent effec-
tive recycling and reuse, and the low quality of secondary raw materials [12].

With its focus on circularity, the PPWR does not explicitly address sustainability top-
ics such as greenhouse gases or other emissions along the life cycle, but it stresses, in pre-
amble Nr. 45, the need to ensure “a high level of protection of environment and human
health, in particular with regard to the level of emissions into the air, water and soil...”
[12].
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1.3. Aim of This Work

The aim of this work is to assess the technical recyclability of packaging available on
the market in the countries Germany, Austria, and Switzerland for the product categories
of butter, yogurt, and spreads, as well as to determine the global warming potential ex-
hibited by the packaging, using a streamlined LCA. Those results are then compared, to
highlight differences in waste management in the three countries and discussed looking
ahead to regulatory aspects in the newly instated Packaging and Packaging Waste Regu-
lation.

2. Results
2.1. Recyclability Results for Butter Packaging

Of the 27 butter packaging samples assessed, sixteen products were packaged in a
paper composite wrap, one sample was packaged in a glass and one in a shrink wrap, and
nine were packaged in a tray (Figure 1). These trays included a cardboard sleeve in some
cases. The market research concluded that 47% of butter sold in the DACH region is avail-
able in wraps, 43% is available in trays, and 4% is available in glass jars, and the same
share accounts for shrink foils.

B Recyclability AT [ Recyclability DE [l Recyclability CH
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Glass Shrink Foil Tray Tray (+CS) Wrap

Figure 1. Technical recyclability of butter packaging in Austria (AT), Germany (DE), and Switzer-
land (CH) by packaging type. Trays with and without Cardboard Sleeves (+CS) are shown sepa-
rately.

Asillustrated in Figure 1, the recyclability of wraps comprising aluminum and paper
composites is notably low in all three countries. The recyclability value in Austria ranges
from 24% to 31%, with an average value of 27%. The values for Germany range from 0%
to 31%, with an average of 4%, and in Switzerland, the maximum measured recyclability
is 26%, with an average of 2%. Eight of the eleven assessed wraps are 0% recyclable in
Germany and Switzerland. The analysis revealed that all wraps contained between 45%
and 61% renewable resources. However, no correlation could be established between the
content of renewable materials and their recyclability.

The recyclability of glass reaches 97% in the three countries. However, deductions
were taken for silicon rings integrated into the closure mechanism, printing ink, and the
presence of an acrylic layer wrapped around the glass and covering less than 50% of the
packaging’s surface, which influences the recyclability of the cardboard banderole.

Regarding shrink-foiled packaging, it should be noted that the only component that
can be recycled is the steel clip, which represents 23% of the total packaging weight. Upon
recycling, this component enters the tin-plate waste stream. It is anticipated that the main
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Component

Main Boay (Tray)

Closure (Lid)

Closure (Snap-On Lid)

Decoration (Banderole)

body, comprising a polyvinyl chloride (PVC) film, and the label, consisting of coated pa-
per and polyethylene terephthalate (PET), will be directed toward the paper waste stream.
The PVC foil thus contaminates the waste stream and is lost for recycling, while the paper
components are also not recyclable due to the material composition.

Three trays manufactured from PP were evaluated and demonstrated recyclability
values ranging from 94% to 100% in Germany and Austria. However, in Switzerland, two
trays were not recyclable, while the remaining sample achieved a recyclability of only 7%.

Six trays were found to contain a sleeve made of cardboard. In these instances, the
recyclability in Austria ranged from 0% to 94%, while in Germany and Switzerland, it
ranged between 0% and 4%, with one outlier at 44% and 30%, respectively.

The tray with the cardboard sleeve, which achieved a recycling rate of 94%, is com-
posed of four elements: a primary body crafted from PP, a banderole created from a solid
bleached board, and a dual-component closure comprising a PP lid and an aluminum-
LDPE—paper composite foil. As a consequence, the main body is incorporated into the PP
stream and is therefore recyclable, albeit with a reduced quality due to the white opaque
material colorization. Consequently, it is rated as B by the software (Figure 2).

Material Color Mass [g] Rating Recycling Stream

PP

Aluminum (wrought alloy)

LDPE

LDPE

Paper, coated (woodfree)

PP

Printing ink

Solid bleached board

Acrylic lacquer

Printing ink

Other

white, opaque

metallic

colorless. transparent

colorless, transparent

white, opaque

white, opaque

dark-colored, opaque

white, opaque

colorless, transparent

dark-colored, opaque

colorless, transparent

52

020713

0.12113

0.14535

0 48451

4.49

0.01

3.0048

0.0512

0.036

0.0076

B
C
c
- Cc
B
0
c
2?

Rigid PP stream

Aluminum stream

Rigid PP siream

Paper/cardboard stream

Figure 2. Results from the packaging cockpit for the recyclability in Austria of a tray made of PP
with a cardboard sleeve containing butter (Sample B10 in the Supporting Information “Supporting
Data — BYS”). The rating categories range from A to D, in addition to an “?”, in which case no clear
categorization could be performed based on the entered data. A indicates that the material can be
recycled without loss, while material rated D can not be recycled and additionally contaminates the
quality of recyclate of other recycling streams. Detailed information about the rating can be found

in Section 3.2.

The PP lid is also included in the same recycling stream, with a B rating due to the
use of coloring and dark printing ink, which contaminates the waste stream. The compo-
site foil is directed to the aluminum recycling stream, where the LDPE and paper compo-
nents of the composite are not recyclable and are therefore rated with a C. The decoration,
made of bleached cardboard, is directed to the paper/cardboard waste stream and is recy-
clable while being only slightly limited due to the use of an acrylic lacquer and printing
ink.



Recycling 2025, 10, 31

6 of 20

2.2. Recyclability Results for Yogurt Packaging

The yogurt packaging sampling consisted of four glass jars, one ceramic jar, and one
LDPE/HDPE pouch with a screw cap made of PET. The majority of the samples were cups,
comprising 47 of the total 56 samples. Three PP buckets with a filling volume of 1000 mL
were also assessed. The majority of yogurts are sold in cups according to the market re-
search conducted. Cups amount to 75% of the packaging used, buckets up to 5%, and glass
jars up to 14%. The overall recyclability of this product category shows clear tendencies
(Figure 3). In Austria, most samples show a high rate of recyclability, while in Germany,
the average recyclability was measured to be 34%. In Switzerland, the recyclability of yo-
gurt packaging is similarly low at 31%.
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Figure 3. Technical recyclability of yogurt packaging in Austria (AT), Germany (DE), and Switzer-
land (CH).

Yogurt cups are manufactured using a variety of materials and are available in a
range of designs and with varying degrees of decoration (Figure 4). The sample was com-
prised of a cup constructed from PET and a cardboard sleeve. The sample demonstrated
recycling rates of 96% in Austria, 36% in Switzerland, and 0% in Germany. For recyclabil-
ity assessment, it is currently assumed that consumers in Austria and Switzerland actively
separate the cardboard sleeve from the main body of the packaging if it is clearly labeled,
but no empirical studies on actual consumer behavior are available.
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Figure 4. Comparison of technical recyclability for different material compositions of cups contain-
ing yogurt in Austria (AT), Germany (DE), and Switzerland (CH). Packaging options with card-
board sleeves (+CS) have been displayed separately.

In Germany, the German Mindeststandard does not allow us to take into account a
separation step by the consumer. If no active separation by the consumer is assumed, then
the recyclability of the paper—plastic cup would be 0% in Austria and Switzerland as well.

Consequently, in Austria, the PET cup and PET lid are included in the PET waste
stream, while the cardboard sleeve is included in the waste stream for paper and card-
board. In Germany, the entire packaging is directed into the cardboard waste stream,
where it is rendered unfit for recycling due to contamination. In Switzerland, the entire
packaging is also directed into the waste stream for cardboard, where the cardboard
sleeve can be recycled, while the PET component of the packaging is transferred to ther-
mal processing.

The assessment of cups manufactured from PP or PS with the addition of a cardboard
sleeve yielded comparable outcomes to those observed in the PET cup with a cardboard
sleeve.

In the case of cups manufactured from PP or PS without banderoles composed of
cardboard, the results demonstrate a more extensive bandwidth. The recyclability of PP
cups in Austria ranges from 17% to 99%, with an average value of 75%. In Germany, the
average recyclability is lower at 66%, with a maximum of 94% and a minimum of 0%. In
Switzerland, the recyclability of the cups in question ranges between 6% and 71%, with an
average of 16%.

The average recyclability of PS cups in Austria is 78%, in Germany, it is 48%, and in
Switzerland, it is 4%.

The recyclability of one pouch was assessed and found to be non-recyclable in all
three countries, while the glass jars demonstrated approximately 99% recyclability.

2.3. Recyclability Results for Spread Packaging

In this study, 46 samples containing spreads, cream cheese, and curd cheese were
assessed. Only 1 sample was a glass jar, while the other 45 were cups or trays. Cups and
trays are also dominant packaging options sold on the market, with 98% of spreads sold
in cups or trays. Due to the similar packaging to yogurt, the results show similar tenden-
cies in recyclability (Figures 3 and 5). The best results overall for recyclability were
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reached for glass jars, as well as for PP and PS cups without cardboard sleeves, in Ger-
many and Austria (see Supporting Information “Supporting Data - BYS”).
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Figure 5. Technical recyclability of packaging for spreads, curd cheese, and cream cheese in Austria
(AT), Germany (DE), and Switzerland (CH).

2.4. Carbon Footprint Results

The carbon footprint of the three product groups was evaluated utilizing the Pack-
aging Cockpit Software. The calculation is based on primary data within the software,
which are derived from Ecoinvent 3.10 and are evaluated using the LCIA method EF3.1,
and secondary data from the packaging specifications submitted by the companies. The
results are given for each of the four life cycle stages—material and manufacturing,
transport, distribution, and end-of-life (EOL).

The results demonstrate a significant disparity between product groups, as well as
within the product groups themselves in the case of yogurt (Figure 6). The discrepancies
between countries are relatively minimal, predominantly originating from the variations
in emissions from transportation and distribution and the energy mix employed for waste
management. For spreads and butter, one packaging sample was a glass jar, which is in-
dicated in Figure 6 as an outlier due to the comparably higher carbon footprint. For yo-
gurt, the bandwidth is higher than for the other product groups, which is also caused by
the higher diversity in filling volume and therefore packaging sizes and material usage.
A PP cup for yogurt with a filling quantity of 250 g exhibits 0.035 kg CO2 eq, while a
similarly designed cup with a filling quantity of 500 g exhibits 0.692 kg CO:z eq.
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Figure 6. Carbon footprint of packaging for spreads, butter, and yogurt in Austria (AT), Germany
(DE), and Switzerland (CH).

In the direct comparison of different packaging options for butter including a paper
composite wrap, a tray made of PP, and a glass jar, the glass jar exhibits the highest emis-
sions in total with 0.345 kg CO: eq (Figure 7). The jar shows comparably high emissions
in the manufacturing phase (0.365 kg CO: eq) due to the high energy consumption in glass
manufacturing. The emissions in transport and distribution are elevated due to the high
weight of the packaging material compared to paper composites and plastics.

0.40

o
)
S

S
o
(=)

0.10 I I

Materials and Transport Distribution End of Total
Manufacturing

-0.10

Carbon Footprint in kg CO; eq

-0.20

mB11-Wrap M®B27-Tray ™ B26-Class

Figure 7. Carbon footprints of three different packaging options for butter (paper composite wrap,
PP tray, and glass jar) in Germany. The calculated emissions of different life stages are displayed
from the Software Package Cockpit.
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3. Materials and Methods
3.1. Material

A total of 27 samples of butter packaging were analyzed, along with 46 samples of
packaging for spreads, cream cheese, and curd cheese, and 56 samples of packaging for
yogurt and skyr (Table 1). The category of butter encompasses full-fat butter, as well as
butter blends, which are mixtures of butter and margarine.

Table 1. Composition of the sampling for the assessment. For each product category, different pack-
aging types and material combinations were available. These include trays and cups made of PP,
PS, or PET with or without cardboard sleeves (CS).

Packaging Type Material Butter Yogurt Spreads
Bucket PP 3

Cup PP 9 6
Cup PS 14 6
Cup +CS PP + Cardboard 9 2
Cup +CS PS + Cardboard 14 5
Cup+CS PET + Cardboard 1 1
Jar Glass 1 1
Jar Ceramic 1

Shrink Foil 1

Tray PP 3 15
Tray PS 4
Tray PET 1
Tray + CS PP + Cardboard 6 3
Tray + CS PS + Cardboard 1
Tray + CS PET + Cardboard 1
Pouch LDPE/HDPE 1

Wrap Fiber Composite 16

Prior to sampling, market research was conducted. The online stores of Coop, ALDI
CH, and Migros in Switzerland, Spar, Hofer, and Billa in Austria, and Penny, Lidl,
Kaufland, Rewe, and ALDI Siid in Germany were screened for the available packaging
options for the product categories. The samples were procured from either in-store pur-
chases or submissions from dairies, retail stores, brand owners, and packaging manufac-
turers. In the latter case, participants submitted packaging specifications that provided
additional information relevant to data input into the Packaging Cockpit Software, Ver-
sion 2.4.0 (https://packaging-cockpit.com/) (accessed on 31 October 2024), which are listed
in Section 2.2. This software enables an automated calculation of the recyclability of pack-
aging in various countries and conducts a streamlined life cycle assessment (LCA). For
this study, only the Global Warming Potential (GWP) category was selected for packaging
comparison. The calculation for the carbon footprint is performed based on data from
Ecoinvent 3.10 and evaluated using the life cycle impact assessment (LCIA) method EF3.1.

3.2. Assessment Recyclability and Global Warming Potential

To enable the calculation of recyclability, the assessment tool in the software Packag-
ing Cockpit requires a specific set of data.

The dataset comprised information about the filling, including the product category,
quantity or volume, country of assembly and distribution, packaging dimensions, main
packaging body type, and types of packaging aids.

To complete the assessment, the following information is required for the main body:
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Printing coverage in %.

Flexible or rigid component.

Presence of an NIR-barrier.

Information on Material Layer (each layer needs to be entered, and a detection layer
needs to be selected):

Material.

Material Manifestation.
Manufacturing Type.
Content of Recyclate in %.
Color.

Massin g.

O O 0O O O O O

Material density.

In the case that the packaging contains a closure, the following data are necessary:
Type of Closure.

Printing coverage in %.

Flexible or rigid component.

Presence of an NIR-barrier.

Dimensions.

Irreversible Removal through Consumption/Usage.

Removal for Disposal by Average Consumer.

Information on Material Layer (the same information as for the main body is rele-
vant).

If the packaging has decoration, additional information is needed:

Type of Decoration.

Printing coverage in %.

Covered Surface Area of Main Body in %.

Presence of an NIR-barrier.

Dimensions.

Irreversible Removal through Consumption/Usage.

Removal for Disposal by Average Consumer.

Adhesion to Main Body.

Information on Material Layer (the same information as for the main body is rele-
vant).

Upon entering the above information, an automatic calculation of the recyclability

and GWP is performed.

For the assessment of technical recyclability, the singular packaging components are

evaluated in five categories: A, B, C, D, and X (Table 2). Here, we must mention that those
categories are not congruent with the assessment categories according to the PPWR.

Table 2. Categories for the recyclability assessment.

Assessment

Definiti
Category efinition

The material can be recycled within the designated material stream, and
A the resulting recyclate can be used for applications requiring materials of
identical or superior quality.

The material can be recycled within the designated material stream; how-
ever, the resulting recycled material is of inferior quality. Furthermore,
the quality of the recycled material for other materials in the same dis-

posal unit is also negatively impacted.
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It is not possible to recycle the material within the designated material
stream. Nevertheless, the material does not affect the recyclability or
quality of the recyclate of other materials in the same disposal unit to the
same extent as other materials.

The material in question cannot be recycled within the assigned material
D stream. Furthermore, it is negatively affecting the recyclability and qual-
ity of the recyclate of other materials in the same disposal unit.

The material in question cannot be recycled within the assigned material
stream. Furthermore, the material in question contaminates the disposal
X unit. All other materials in the disposal unit, which are processed with
this material during the recycling process, are considered to be non-recy-
clable.

4. Discussion

The objective of the study was to evaluate the recyclability and carbon footprint of
various packaging options for dairy products, including butter, yogurt, spreads, cream
cheese, and curd cheese, available on the market in Germany, Austria, and Switzerland.
The findings indicate a significant degree of variability between the different packaging
options in terms of their environmental impact, with minor design variations having a
considerable impact, such as the choice of material for banderoles.

Glass packaging exhibited high recyclability across all three countries yet proved the
least favorable option in terms of carbon footprint. The use of trays without a cardboard
sleeve result sin a reduction in the carbon footprint. The assessment of recyclability
yielded favorable results in Germany and Austria; however, in Switzerland, the necessary
waste management infrastructure is lacking. The recyclability of shrink foils, paper com-
posite wraps, and trays with a cardboard sleeve is found to be severely limited.

The precise results for the recyclability of cups manufactured from PP or PS, with or
without a cardboard sleeve, are found to be highly variable for products such as spreads
and yogurt. The absence of a cardboard sleeve is found to significantly enhance the recy-
clability in Germany, as the German Minimum Standard [49] does not assume any sepa-
ration of the different components, in contrast to RecyClass [50], which is the adopted
standard in Austria.

To the best of the authors’ knowledge, no previous studies have been conducted on
the recyclability of packaging options for these product groups. In our previous study, we
investigated the recyclability of liquid dairy product packaging. We found overall recy-
clability in Germany and Austria to be below 70%, and, as was also found here, even lower
recyclability in Switzerland due to the non-existence of waste streams [51].

4.1. Carbon Footprint and Recyclability Comparison for Butter Packaging

For butter, four main different packaging options were assessed (Figure 8). Of those,
the highest carbon emissions were found for glass jars (red) with 0.345 kg CO: eq in Ger-
many but a recyclability of 97% of the whole packaging. Another option was shrink foil
(orange) with a low recyclability of 23% but one of the best carbon footprints in the butter
product category with 0.0087 kg CO: eq in Germany. Similar low carbon emissions are
found in samples of paper composite wraps (blue), as well as low recyclability, which
does not perform adequately according to the standard set in the new PPWR of 70% recy-
clability [12]. This threshold is reached by three trays without cardboard sleeves (dark
green), which reach over 90% in technical recyclability and exhibit carbon emissions be-
tween 0.0445 and 0.111 kg CO: eq in Germany. Trays with sleeves (light green) show sim-
ilar emissions but insufficient recyclability.



Recycling 2025, 10, 31

13 of 20

< = = <
[} ) w &%)
S Ul S a1

[ ]

Carbon Footprint in kg CO; eq
=
o

0.00 8¢ —
0% 20% 40% 60% 80% 100%
Technical Recyclability in %

Figure 8. Technical recyclability and carbon footprint of butter packaging in Germany. Samples are
colorized according to their packaging type: glass Jar (red), shrink foil (orange), trays without card-
board sleeves (dark green) and with cardboard sleeves (light green), and paper composite wrap
(blue).

Ultimately, for the aspects of recyclability and carbon emissions, the preferred pack-
aging options for butter in Germany are found to be trays without cardboard sleeves, as
those performed with high recyclability and low emissions. Other trays and shrink foil
did not perform in accordance with future legislative standards in the recyclability assess-
ment.

4.2. Carbon Footprint and Recyclability Comparison for Yogurt Packaging in Germany

An assessment of nine different packaging types for yogurt was conducted, with a
focus on the carbon footprint and recyclability of each option. The study revealed that
while PP cups exhibited a slightly lower carbon footprint compared to PS cups, significant
disparities in recyclability were observed. Specifically, PP and PS cups with cardboard
sleeves, as well as PET cups with cardboard sleeves, demonstrated recyclability outcomes
below 10%. Glass jars, while offering superior recyclability, exhibit a carbon footprint that
is up to four times higher than that of PP cups. Ceramic jars, on the other hand, demon-
strate the highest carbon footprint of all the assessed packaging options and exhibit a lack
of recyclability. Pouches, while exhibiting favorable LCA results, are not recyclable. PP
buckets demonstrate a high recyclability of 99% in two out of three cases and a carbon
footprint of over 0.2 kg CO: eq (Figure 9).
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Figure 9. Assessment of the recyclability in Germany of different packaging options. (c) the light
blue dot represents the ceramic jar and the dark blue dots represent glass jars.

4.3. Limitations
Whilst the present study provides valuable insights into the environmental perfor-
mance of packaging materials within the dairy sector in the DACH region, several
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limitations must be acknowledged. These limitations stem from methodological con-

straints, data availability, and the complexity of the regulatory and waste management

landscape.

1.

Data Availability and Accuracy: Data from packaging manufacturers and food pro-
ducers were limited, potentially affecting the depth of the analysis.

Variability in Waste Management Systems and Recyclability Assessment Methodol-
ogy: A key finding of the study was the impact of variations in waste management
infrastructure on the recyclability of packaging materials. However, the study was
unable to fully account for all local and regional variations in waste collection, sort-
ing, and recycling processes within each country. As a result, the recyclability assess-
ments are based on national frameworks rather than on detailed local practices,
which may differ significantly within each country.

Additionally, there is currently no harmonized methodology available for recyclabil-
ity assessments on a European level. Ongoing work in the standardization of recy-
clability assessments of packaging at the European Committee for Standardisation
(CEN), which will be part of the upcoming delegated act of the EU Commission due
on 1.1.2028, will provide a harmonized standard.

Scope of Packaging Materials: This research focused on selected packaging formats
for butter, yogurt, spreads, curd cheese, and cottage cheese. While acknowledging
that these represent a significant share of dairy packaging, it must be noted that they
do not cover the full spectrum of packaging solutions available on the global market.
Other materials such as bio-based plastics, multilayer composites, and innovative al-
ternative packaging solutions were not extensively analyzed, which may limit the
comprehensiveness of the findings. Methodology of Carbon Footprint Assessment:
This study assesses the carbon footprint of various packaging alternatives. However,
it is important to note that variations in LCA methodologies and assumptions can
introduce uncertainties. Factors such as energy sources, transportation distances, and
end-of-life scenarios differ across regions and were estimated using available indus-
try data. While these estimations are based on best practices, potential margins of
error should be considered when interpreting the results.

Consumer Behavior and Market Dynamics: This study acknowledges the pivotal role
of consumer preferences and purchasing behaviors in determining packaging adop-
tion. However, it does not provide a comprehensive analysis of consumer percep-
tions of sustainability or the market dynamics influencing packaging choices. While
industry trends indicate a shift toward recyclable and lower-carbon packaging, the
adoption rates of such packaging will be influenced by economic feasibility, retailer
preferences, and consumer acceptance.

Focus on the DACH Region: The geographical scope of the study is confined to the
DACH region, implying that the findings might not be universally applicable to other
EU member states with disparate waste management systems and consumer behav-
iors. The execution of comparative studies in other European regions could poten-
tially offer further insights and enhance the generalizability of the conclusions.

4.4. Implications for Future Legislation

According to the PPWR, the design, manufacture, and commercialization of packag-

ing should be conducted in a manner that facilitates its reuse or high-quality recycling,

while also minimizing its environmental impact throughout the packaging’s entire life

cycle and the life cycle of the products for which it was designed [12].

As the design-for-recycling assessment does not guarantee that packaging will be

recycled in practice, it is essential to develop a consistent methodology and set of criteria

for assessing recyclability. This should be based on the most advanced separate collection,
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sorting, and recycling processes and infrastructure currently available in the European
Union [12]. Furthermore, related reporting from Member States and, where relevant, eco-
nomic operators should be used to establish the thresholds for recyclability on a larger
scale and update the grades of recyclability performance concerning specific packaging
materials and categories [12].

The results presented here show a great need for improved design-for-recycling prin-
ciples applied to dairy product packaging. While glass packaging already meets recycling
targets and is designed to fit the available collection, sorting, and recycling infrastructure,
this is not the case for most other packaging options in Germany and Austria, as both
countries need to perform under the PPWR.

Furthermore, the carbon footprint must be considered when evaluating the viability
of various packaging options. While glass may be optimal for recycling due to the pres-
ence of the necessary infrastructure in the assessed countries, it is associated with signifi-
cantly higher carbon emissions compared to other packaging materials. Consequently,
when selecting packaging for dairy products, it is essential to take into account the trans-
portation and distribution distances involved.

5. Conclusions

This assessment demonstrated a notable degree of variability in recyclability, pre-
dominantly attributable to discrepancies in packaging design and material composition.
This variability underscores the critical need for targeted improvements in packaging sys-
tems to align with the forthcoming regulatory framework, which places significant em-
phasis on recyclability and carbon footprint reduction.

In light of these findings, there is a compelling necessity for enhancement in the re-
cyclability of these product categories, while simultaneously addressing the carbon foot-
print. Key measures must be implemented to ensure the effective management of recycla-
ble materials. Such measures include the removal of barriers to recycling, such as incom-
patible materials and non-recyclable packaging designs. In addition, robust waste man-
agement systems must be established, with these systems being tailored to the unique
requirements of each country. Legislative actions must also be implemented to ensure the
production of food-grade recyclates that meet the new sustainability standards.

This study highlights several directions for further research in recycling. This in-
cludes exploring the development of mono-material packaging alternatives that simplify
sorting and recycling processes. Understanding the role of consumer behavior in waste
segregation and its impact on recycling efficiency is another critical area. Studies should
also investigate the harmonization of waste management infrastructure across countries
to reduce regional disparities and ensure consistent recyclability outcomes.

Continued cross-country analyses will be vital to understanding regional discrepan-
cies and devising scalable solutions that promote sustainable packaging practices across
the DACH region and beyond.
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