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Food packaging concepts for the circular economy 

1 Introduction

Raw materials1, which are extracted from the environment and utilised, form the material basis of the economy. In recent 
decades, the extraction of raw materials has increased drastically worldwide and the economy has experienced contin-
uous growth. Compared to 1970, almost three times as many raw materials are consumed today, with a doubling in the 
last 20 years. [2, 3] The drivers for the increasing consumption of raw materials are probably not only the world popula-
tion, which has more than doubled since 1970 [4] but also consumption trends in developed countries and the economic 
growth taking place in emerging and developing countries [5, 6] and the associated increase in consumption [3]. How-
ever, there cannot be infinite growth in a world with finite resources [7-9]. This applies both to individual consumption 
and to reconceptualising the production of the underlying patterns of value creation [10]. Resource efficiency [6], circular 
economy and sustainable supply chains are just as necessary as the avoidance and responsible handling of “waste” [10]. 
In addition to the ecological and social reasons, there are also economic reasons in favour of a fundamental change from 
today’s predominantly linear economy to a resource-efficient circular economy [5]. In many cases, the European econ-
omy is dependent on imports of raw materials. This dependence could increasingly become a source of vulnerability as 
growing global competition for natural resources has contributed to a significant increase in price levels and price volatil-
ity. Even if resources are not scarce in absolute terms, many natural resources are unevenly distributed around the world, 
making access and prices more volatile and exacerbating the potential for conflict. [6]

The need to move towards a resource-efficient circular economy also affects the packaging industry. This applies in par-
ticular to packaging for fast-moving consumer goods (FMCG), which includes most food products. FMCG packaging has 
a short use phase of a few days or weeks [11] and symbolises today’s throwaway society [12, 13] which is also known as 
the linear economy and is often described as “take-make-waste” [13-16].

European policymakers are responding to environmental challenges with a variety of roadmaps and resulting legislation, 
including the European Green Deal. One aim of the Green Deal is to develop measures to combat unnecessary packag-
ing in order to reduce waste [17]. To promote the circular economy, the Circular Economy Action Plan (CEAP) is a central 
element of the Green Deal. The CEAP aims to decouple economic growth from resource use and at the same time 
ensure the EU’s long-term competitiveness. [13] In line with the aim of the Green Deal to combat unnecessary packaging 
[17] a proposal for a new European regulation on packaging and packaging waste (PPWR) has emerged from the CEAP 
[18]. 

In addition to politics, the packaging and food industry finds itself caught between the poles of environmental protection, 
economic growth and social justice [19], where more sustainable packaging design represents a challenge. The key role 
for the environmental compatibility of food packaging lies in the specific adaptation of the packaging properties to the 
food requirements. In most cases, most of the total resource consumption of the product packaging system is associated 
with the food and not the packaging. Functional packaging with adequate product protection can prevent food wastage 
[20, 21] e.g. by extending the best-before date or use-by date [22]. The protective function of packaging should there-
fore be given top priority when it comes to reducing the waste of resources and unfavourable potential environmental 
impacts. Plastics in particular can fulfil the sometimes high requirements for product protection on the packaged goods 
side with relatively low material usage compared to other packaging materials and are therefore highly efficient [23-25]. 
This is probably one of the reasons why plastic-based food packaging in Germany accounted for the largest market 
share of packaging materials in terms of sales in 2020 at 41% [26]. The environmental benefit of avoiding food wastage, 
especially for resource-intensive foods such as meat, is around 5-10 times higher than the environmental impact of the 
packaging [22]. Functional packaging therefore has the potential to reduce potential environmental impacts by avoiding 
packaging-related food wastage [27].

1 Raw materials are extracted reserves that are required for the production process of goods. In contrast, resources are proven but currently technically 
and/or economically unrecoverable and unproven but geologically possible future recoverable quantities of raw materials. [1].
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Despite the potential of functional packaging to reduce potential environmental impacts [27] they are controversially 
discussed in sustainability debates, partly due to the increasing volume of packaging and packaging waste, and their con-
tribution to reducing environmental impact is not highly valued [28, 29]. Germany contributed to this increasing packaging 
volume in 2018 with a new high of approx. 18.86 million tonnes of packaging consumption nationwide [30]. This can 
lead to various environmental issues if packaging waste is released into the environment, for example due to improper 
disposal. This results in terrestrial and aquatic environmental pollution, which has already been publicly addressed [19]. 
Explicitly, the environmental discharge of plastics is an issue of increasing importance [31-33]. In addition to directly 
visible landscape pollution caused by packaging waste, plastic pollution can also have serious consequences for living 
organisms and human health. This includes nano- and microplastics as well as per- and polyfluorinated alkyl substances 
(PFAS)2 [34] found in soil, marine and freshwater ecosystems. It is important to address this issue to protect the envi-
ronment and human health [32, 35-37]. The aforementioned environmental consequences in combination with the high 
proportion of plastics used for food packaging are reasons why no other packaging material has been subject to compa-
rable legal measures, such as the so-called “Single-Use Plastics Directive” [38]. However, this does not mean that other 
packaging materials are generally associated with lower potential environmental impacts than plastics [39].

Fact is that recyclable materials, such as plastic packaging waste, which are circulated as secondary raw materials, are 
less likely to end up in the environment than non-recyclable products. A circular economy for plastics can therefore con-
tribute to reducing the amount of plastic entering the environment and its consequences. [40]

Against the background of the global challenges that require a circular economy, the resulting legal frameworks and  
the tension between functionality and recyclability of food packaging, the following key question of this expert report 
arises. 

“To what extent is the concept of a circular economy essential for food packaging and what strategies 
enable successful implementation?”

2 Basic principles of the circular economy

2.1 Definition of terms

In Germany, the concept of the circular economy is closely linked to the awareness of a functioning waste management 
system. Separate waste collection in combination with constantly evolving sorting and treatment facilities enable a recy-
cling economy in which waste is seen as a raw material and material cycles are closed. [41] The circular economy within 
the meaning of the german Circular Economy Act (Kreislaufwirtschaftsgesetz – KrWG) explicitly includes the prevention, 
reuse, material recycling and thermal recovery as well as the disposal of waste [42].

The Circular Economy (CE) according to the EU’s CEAP goes beyond the mere treatment of waste. The CE encom-
passes a systemic change in the economic system. It also addresses fields of action such as employment and growth, 
climate and energy, the social policy agenda, industrial innovation, product design, processing and, last but not least, 
resource efficiency and resource conservation. [13]

In addition, there are numerous definitions of a circular economy from various initiatives, such as the Ellen MacArthur 
Foundation or for different concepts such as zero waste or Cradle-to-Cradle (C2C) [43]. The concepts and fundamental 
goals of a circular economy often overlap. They can be described as follows:

2 PFAS (per- and polyfluorinated alkyl substances) are very stable and water, dirt and grease repellent. Due to these properties, they are used for a wide 
variety of applications such as outdoor equipment, cookware, dirt-repellent carpets or food packaging. [34].
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2.2 Goals and principles

The aim of a circular economy is to preserve the value of products and the resources used for them for as long as pos-
sible and to generate as little waste as possible – ideally even none at all [5, 41, 43, 44]. This includes the reuse of used 
products and materials as well as the prolonged use, rather than consumption, of products in the sense of extending their 
lifetime and the intensified utilisation of consumer and industrial goods [5]. In this way, a circular economy should con-
tribute to the conservation of natural resources, including climate protection, the protection of the environment [45] and 
human health [41]. Natural resources and human health can be protected in the generation and management of waste  
by using environmentally and climate-friendly disposal methods and reducing or avoiding pollutants in material cycles  
[6, 46] or specifically removing them from material cycles [41]. The unfavourable potential environmental impacts along 
the life cycle of products and materials should be reduced by saving primary materials and substituting them with sec-
ondary materials [41]. The entire life cycle, from raw material extraction through production, storage and consumption to 
disposal or recycling at the end of life, must be considered at both the material and energy levels [43].

The Cradle-to-Cradle concept is based on natural material cycles. There is no waste, only valuable resources. Each 
output of a process represents the input for another process. The concept divides materials and resources into two cycles 
– the biological cycle and the technical cycle. In both cycles, all materials should have no harmful environmental impact 
and be able to circulate permanently. Products that are designed for the biological cycle are referred to as consumable 
products. These include, for example, products that can actually be used up during their lifetime (e.g. through physical 
degradation or wear and tear). In the technical cycle, by contrast, materials or resources are circulated that have the 
potential to be managed in a closed cycle over many product life cycles without any loss of quality. [47] In practice,  
however, closed cycles, so-called closed-loop systems, are always associated with losses on the raw material side  
[41, 48].

The “3 R’s” – reduce, reuse, recycle – are principles that contribute to a circular economy [43, 49]. The principle of 
reduce aims to minimise the total amount of materials, resources [50], and waste generated in the economic model in 
order to reduce the harmful effects of the generated waste on the environment and human health [51]. The prevention 
approach can also include various zero-waste initiatives [41]. Reuse comprises processes in which products or individual 
product components do not become waste but are reused for the same purpose [51]. Recycling refers to any process in 
which waste materials are reprocessed into products or materials, whether for the original or another purpose [51]. In the 
context of the 3 R’s, waste prevention plays an overriding role, not least due to the waste hierarchy according to Directive 
2008/98/EC (see chapter 3.4) [43].The prevention of waste and residual materials is generally preferable to recycling, as 
the latter always involves losses and energy expenditure [41]. Waste avoidance can be of a quantitative (reducing the 
amount of waste) and qualitative (reducing the content of harmful substances in materials) nature [41, 51]. Qualitative 
waste prevention, such as the production of low-pollutant and pollutant-free products, serves to reduce the release of 
pollutants during the use phase and the accumulation of pollutants during recycling [41]. Reducing the volume of waste 
[6] can be achieved, for example, through a longer lifetime or the reuse of products [41]. This is where the principles of 
reduce and reuse intersect. 

In order to make a real contribution to reducing the demand for primary resources, it is necessary to realise high-qual-
ity recycling cycles [6] in which the material qualities of the recyclates are comparable to those of the corresponding 
primary raw materials. This requirement also underlies the Cradle-to-Cradle concept [47]. Downcycling, that produces 
lower-quality recyclates in which functional materials are irretrievably lost or contaminants accumulate, should be avoided 
wherever possible [6]. The lower-quality recyclates produced in this way often end up in (technically) less demanding 
applications in which they do not have the same environmental relief potential. Otherwise, the lower-quality recyclates 
must be mixed with primary raw materials to such an extent that they once again fulfil technical or regulatory quality 
requirements. [41] Where high-quality recycling is not possible, cascade utilisation3 of products and materials should be 
aimed for [6].

3 Cascade utilisation refers to the use of resources and products in successive steps, each with reduced requirements in terms of properties. The aim is to 
keep resources and products in the system for as long as possible so that a high level of added value is maintained. [52].
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If waste avoidance, reuse and high-quality recycling as well as the cradle-to-cradle concept are taken into 
account in the product design process, products can be designed from the outset that do not become waste [6] 
or are recycled at the end of a product life cycle [43].

2.3 Ecodesign and design for recycling

Up to 80% of the potential environmental impact of a product is already predetermined in its design process [53, 54]. 
Design approaches such as design for recycling (D4R) or ecodesign are therefore indispensable elements when it comes 
to reducing the potential environmental impact of products. Ecodesign is an approach that aims to incorporate environ-
mental concerns into the life cycle of products at an early stage of product planning, development and design. The aim is 
to develop products that require as few resources and as little energy as possible for optimum functionality and contain 
only a minimum of pollutants – or none at all [6]. Ecodesign also aims to minimise emissions and waste. [53] The objec-
tives of ecodesign largely overlap with those of a circular economy. Some of the product aspects that are included in the 
proposal for a new ecodesign regulation [55] which are also addressed in the context of the circular economy are, for 
example 

• the use of recyclates 
• reusability 
• the ability to retrofit and repair
• the presence of substances of concern
• waste materials likely to be generated
• the possibility of reprocessing and recycling as well as the recovery of materials

Various guidelines offer assistance with the ecodesign of products [56-58]. The guidelines of the Round Table on Plastic 
Packaging exist specifically for the ecodesign of plastic packaging [59].

Recyclability is a relevant product aspect in the overarching context of ecodesign [60]. In order to design products to 
be recyclable, various requirements must be taken into account. Specifically for packaging, the minimum standard for 
assessing the recyclability of packaging subject to system participation of the Central Agency Packaging Register (Zen-
trale Stelle Verpackungsregister – ZSVR) [61] provides guidance on the conditions under which packaging is considered 
recyclable in Germany. The existence of a sorting and recovery infrastructure, the sortability and separability of the pack-
aging and any existing recycling incompatibilities are taken into account. [61]

Further guidelines and evaluation catalogues from various institutions such as Interseroh [60], Recoup [29, 62] or Recy-
Class [63] partly take into account the minimum standard of the ZSVR or supplement it. These guidelines and evaluation 
catalogues provide assistance on how packaging can be designed to be recyclable for European countries. Design for 
recycling encompasses all packaging components: from the packaging material to the label adhesive and printing ink 
[64]. When considering the environmental impact of a product packaging system, it is important to prioritize product 
safety, functionality, and consumer acceptance. Improving the recyclability of the packaging should aim to reduce the 
overall environmental impact of the product packaging system. However, it is important to note that recycling may not 
always be the most environmentally or economically viable option. [29]
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3 Regulatory framework conditions

In the context of food packaging and the circular economy, the regulatory frameworks shown in Figure 1 are relevant. 
These are discussed in the following chapters 3.1 to 3.6 in more detail.

Figure 1: Overview of selected regulatory frameworks and their interrelationships in the 
context of the circular economy and food packaging. An overarching, common goal of the 
regulatory frameworkspresented is to reduce the impact of packaging and packaging waste 
on the environment.

to amend
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3.1 UN Sustainable Development Goals (SDGs)

The 17 SDGs (see Figure 2) are political objectives of the United Nations that are intended to ensure sustainable devel-
opment on an economic, social and ecological level worldwide. Food packaging with effective product protection and 
efficient use of materials has the potential to contribute to achieving the SDGs. 

Figure 2: The 17 Sustainable Development Goals (SDGs) are political objectives of the United Nations that are intended  
to ensure sustainable development on an economic, social and ecological level worldwide.
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SDG 12.34 in particular is addressed by food packaging [66]. Indirectly, food packaging can also help to achieve SDG 25, 
as there is a lack of capacity for packaging in poorer countries in particular [68] but can support logistics and distribution 
and thus contribute to food security. Packaging that, in addition to providing adequate product protection, is also designed 
to be material- and therefore resource-efficient, also addresses SDGs 12.26 and 12.57 [69]. If packaging functionality, 
high material efficiency and recyclability are to be realised to the same extent, this can result in conflicting objectives. An 
increased protective function through e.g. multilayer composites is usually associated with reduced recyclability, whereby 
the ecological benefit of improved protective function is often higher than the ecological disadvantage of reduced recycla-
bility [70].

The contribution to the SDGs made by implementing a circular economy in the company can be included in the compa-
ny’s sustainability strategy or potentially also be published in a sustainability report.

3.2 EU Plastics Strategy

The 2018 EU Plastics Strategy is part of the (old) EU Circular Economy Action Plan and a key element in Europe’s transi-
tion to a low-carbon circular economy. The Plastics Strategy aims to contribute to achieving the Sustainable Development 
Goals by 2030. The Plastics Strategy also aims to transform the way plastic products are designed, manufactured, used 
and recycled in the EU. This should also reduce the EU’s dependence on imported fossil fuels. The aim is also to improve 
environmental protection and reduce greenhouse gases and marine litter. To achieve this, the EU Plastics Strategy 
includes the EU Directive on Single-Use Plastics (Directive (EU) 2019/904 – (SUPD)). [71] The SUPD aims to prevent 
and reduce the impact of certain plastic products on the environment, in particular the marine environment and human 
health. To this end, the SUPD prohibits, for example, the placing on the market of single-use plastic cutlery, plates and 
drinking straws. [72] 

However, the ban on certain single-use plastic items led less to a reduction in single-use items in general and more to 
their replacement by single-use items made of fibre based materials such as paper and board [73]. The replacement of 
lightweight plastic packaging with heavier materials results in an increase in packaging waste due to the increased mate-
rial usage [74]. It is important to consider that packaging materials other than plastic can also have potential environmen-
tal impacts that may even exceed those of plastics. Therefore, substituting plastics with other packaging materials only 
shifts environmental impacts rather than reducing them. [39] In the case of the use of materials with lower functionality, 
such as paper and board [75] more packaging-related food wastage can also be generated, which further increases the 
potential overall environmental impact of the product packaging system [76]. In addition, aluminium or plastic coatings are 
often required to functionalise fibre based packaging so that it can adequately protect foodstuffs [39]. These composites, 
in turn, can only be recycled to a limited extent or not at all [74].

3.3 EU Circular Economy Action Plan (CEAP) 

The CEAP aims to expand the circular economy and should also contribute to decoupling economic growth from resource 
utilisation. At the same time, the long-term competitiveness of the EU is to be secured. To this end, the CEAP aims to 
reduce waste and ensure that the EU has a well-functioning internal market for high-quality secondary raw materials. 
Supplementary legislative proposals should, for example, increase the proportion of recycled materials in products and 
enable reprocessing and high-quality recycling. [13]

4 Halving per capita food waste at retail and consumer level and reducing it along the production and supply chain by 2030 [65]
5 Creating a world without hunger by 2030 [67]
6 Achieve the sustainable management and efficient use of natural resources by 2030 [65]
7 Significantly reduce the volume of waste by 2030 through prevention, reduction, recycling and reuse [65]
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Central product value chains are prioritised. These are selected on the basis of their potential environmental impact and 
their circular potential. Packaging also represents such a central product value chain. In this regard, the CEAP envisages 
reviewing the existing Packaging Directive (Directive 94/62/EC) and considering measures on the following aspects: [13] 

• Reduction of packaging and packaging waste
• Promoting design with a view to the reuse and recyclability of packaging
• Testing the reduction in the complexity of packaging materials, including the number of materials and polymers used
• Binding requirements for the proportion of recycled material, especially for plastic packaging
• Review the possibility of introducing EU-wide labelling to facilitate the correct separation of packaging waste at 

source.

These aspects are addressed in the proposal for a regulation on packaging and packaging waste (see chapter 3.6).

The CEAP also provides for the definition of rules for the safe recycling of plastics other than polyethylene terephthalate 
(PET) for use as food contact materials. [13] The use of recycled plastics in food packaging is regulated by Regulation 
(EU) 2022/1616 on recycled plastic materials and articles intended to come into contact with food [77]. Two recycling 
technologies for PET are currently authorised under Regulation (EU) 2022/1616, which result in recyclates that can be 
used for food contact.

3.4 EU Waste Framework Directive and German Circular Economy Act (Kreislaufwirtschaftsgesetz – KrWG )

The KrWG as amended in March 2023 serves to implement the European Waste Framework Directive (Directive 
2008/98/EC). The aim of the KrWG is to promote the circular economy to conserve natural resources and to ensure the 
protection of people and the environment in the generation and management of waste. The KrWG sets out regulations 
on the prevention, recovery and disposal of waste as well as other waste management measures. According to the waste 
hierarchy, the prevention and waste management measures are in the following order: [42]

Prevention

Preparing for reuse

Recycling

Other recovery, e.g. energy recovery

Disposal

In the context of food packaging, it should be noted that the avoidance of packaging, in accordance with level 1 of the 
waste hierarchy, does not necessarily result in a reduction in the total volume of waste. Reducing the material used for 
food packaging or dispensing with it altogether can lead to an increase in food wastage. This happens when the 
protection of the products is no longer guaranteed or sufficiently fulfilled by the reduced or avoided packaging 
[20]. Material-efficient composite materials can be used for food packaging to fulfil product protection requirements [70]. 
However, these composite materials are generally associated with reduced recyclability (level 3 of the waste hierarchy) 
[41]. In contrast, a lot of packaging made from so-called monomaterials can be recycled. These in the industry so-called 
monomaterials can also include composite materials if the main component exceeds a mass proportion of 95% of the 
packaging composite and is sent for recycling [78]. The ZSVR understands recyclability of packaging to mean that this 
packaging is basically suitable for replacing virgin material in material-specific applications after passing through industri-
ally available recovery processes [61]. A distinction is made between theoretical, practical and true recyclability and the 
following definitions are used as a basis. Theoretically recyclable packaging is packaging that can be recycled in terms 
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of the material it is made of and in its original condition without contamination. This does not take into account whether a 
recycling infrastructure exists for this material and no tests are carried out on theoretical recyclability. Packaging is con-
sidered practically recyclable if it can be recognised in a sorting plant and sorted into a fraction. Furthermore, a recy-
cling process must exist for the material from which the packaging is made, which enables material recycling. In addition 
to recognisability, sortability and the existence of a process for material recycling, further criteria must be met for packag-
ing to be considered truly recyclable. Only when packaging is actually collected, separated, marketed and utilised as a 
secondary raw material in the region where the packaging is generated as waste is it considered to be truly recyclable. 
[79, 80] Even for packaging that can be categorised as truly recyclable, there are hurdles to its recycling, for example if 
consumers do not feed the packaging into the appropriate recycling stream. For packaging materials that are theoretically 
and in some cases practically recyclable and are in circulation in relatively small quantities, the establishment of a sep-
arate collection, sorting and recycling infrastructure is often not economically viable. Packaging that cannot be recycled 
in the sense of material recovery is often sent for energy recovery. The thermal recyovery through incineration, in the 
sense of energy recovery, can partially compensate for the use of (fossil) fuels. However, as the energy from incineration 
can only be used once and materials are therefore removed from the cycle, material reuse and recycling processes are 
preferable to incineration wherever technically and economically possible [6]. In the context of thermal recycling of plastic 
packaging, the possible future application of Carbon Capture and Utilisation (CCU) offers a promising outlook. CCU not 
only enables the reduction of CO2 emissions from incineration, but also opens up the possibility of utilising the captured 
carbon as a raw material for the production of plastics and other materials. This contributes to the circular economy by 
using materials that would otherwise only be utilised for energy and thus removed from the cycle as a source for new 
products. This integration of CCU into waste management could therefore increase the efficiency of resource utilisation 
and at the same time reduce dependence on fossil raw materials. [81]

3.5 EU Packaging Directive and German Packaging Act (Verpackungsgesetz – VerpackG)

The Packaging Act as amended in October 2023 serves to transpose the European Packaging Directive (Directive 
94/62/EC) into national law. The Packaging Act specifies waste management targets applicable to Germany and sets 
out general requirements for packaging. The following requirements are relevant in the context of the circular economy. 
The Packaging Act regulates the system participation obligation, collection, take-back and recycling of packaging. With 
regard to the participation fees, the Packaging Act requires that these be adjusted ecologically. This obliges systems to 
create financial incentives to promote the use of recyclable materials, recyclates or renewable raw materials. To meas-
ure recyclability, the Packaging Act refers to the minimum standard of the Central Agency Packaging Register (ZSVR). 
For single-use drinks packaging, deposit and take-back obligations as well as the minimum recyclate content of cer-
tain single-use plastic drinks bottles are prescribed. The Packaging Act also aims to reduce the consumption of certain 
single-use packaging, e.g. through reusable alternatives for single-use plastic food packaging and single-use beverage 
cups. [78]

The Packaging Act and the EU Packaging Directive set targets for the recycling of packaging in Germany and the EU. 
These targets are listed as SHOULD with the respective time horizon in the Table 1 and are compared with the actual 
recycling rates (IS) in Germany and the EU.
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Table 1: Targets for the recycling of packaging (SHOULD) according to the Packaging Act and Directive 94/62/EC and actual 
recycling rates (IS) of packaging by type in Germany and the EU. [78, 82] The recycling rates according to the Packaging Act 
(SHOULD) and ZSVR (IS) refer to material and energy recycling. Only for plastics is the proportion of mechanical recycling 
listed separately, as specified in the Packaging Act. The recycling rates of Directive 94/62/EC (SHOULD) and eurostat (IS) refer 
to material recycling.
The IS values of the recycling rates for Germany are composed as follows:
eurostat column: recycled share of packaging waste generation of the respective packaging material [83]
ZSVR column: packaging quantities that were recycled in relation to the packaging quantities of the respective packaging 
material reported as part of the system participation obligation. As, for some packaging materials, less packaging is reported 
under the system participation requirement than is actually placed on the market, recycling rates of over 100% occur here [84].

Packaging material Recycling rates in Germany Recycling rates in the EU

IS in 2021* SHOULD from 
2022 according to 

VerpackG 
[78]

IS in 2021 
[83]

SHOULD by 2025 
according to 

DIRECTIVE 94/62/
EC [82]

eurostat [83] ZSVR [84]

Paper and Board 85% 91% 90% 83% 75%

Plastics (energy recovery +  
material recycling)

n.a. 110% 90% n.a. n.a.

Plastics (material recycling) 48% 66% 63% 40% 50%

Glass 80% 85% 90% 76% 70%

Metal 83% n.a. 90% 75%* n.a.

Aluminium n.a. 113% 90% n.a. 50%

Ferrous metals n.a. 100% 90% n.a. 70% 

*IS value is not stated separately for aluminium and ferrous metals, but exceeds both targets 

As shown in Table 1 the EU targets for 2025 will be met or exceeded on average by the EU Member States and espe-
cially by Germany for paper and board, glass and metal packaging in 2021. The target for material recycling of plastics 
has not yet been met. The achievement of the German targets in accordance with the Packaging Act is measured by the 
recycling rates determined by the ZSVR. Only the target rate for glass is not achieved. In the actual values for Germany, 
the first value mentioned in each case comes from eurostat [83], whereby the share of recycled packaging waste in the 
packaging waste volume of the respective packaging material is specified. The second value in each case comes from 
ZSVR [84] where the ratio of recycled input quantities to the packaging quantities of the respective packaging material 
reported as part of the system participation obligation is specified. The IS values of the ZSVR are significantly higher 
than the IS values of eurostat and in some cases even exceed 100%. The values above 100% are due to the fact that 
less packaging was reported under the system participation obligation in 2021 than was actually placed on the market in 
2021 and generated as packaging waste. This suggests that the distributors of packaging are under-participating in the 
systems [84].

The current European Packaging Directive aims to harmonise the regulations of the Member States in the area of pack-
aging and packaging waste management. This is intended to prevent or reduce the environmental impact of this waste in 
all Member States and third countries in order to ensure a high level of environmental protection [82]. However, the form 
of a directive allows for different national implementation concepts, which is why the Packaging Directive was unable to 
achieve the desired harmonisation. It was also found that the existing Packaging Directive did not sufficiently address 
challenges such as the growing volume of packaging waste, obstacles to the recycling and reuse of packaging and 
the low recyclate quality of plastic packaging. This has made it clear that greater harmonisation is needed and that the 
harmonised packaging-specific rules should take the form of a regulation rather than a revision of the current directive. 
Against this background, on 30 November 2022, the European Commission published a proposal for a Regulation on 
packaging and packaging waste – PPWR. [18] 
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3.6 Proposal for a Regulation on Packaging and Packaging Waste

The proposal for the PPWR pursues three main objectives: 

1. Minimising packaging and promoting reusable and refillable packaging to reduce the amount of packaging waste.

2. Promote a high-quality closed recycling loop by ensuring that all packaging placed on the EU market can be recycled 
economically by 2030.

3. Reducing the demand for primary raw materials and creating a well-functioning market for secondary raw materials 
by increasing the proportion of recycled materials in packaging materials through binding targets. [18]

Achieving the targets for the proportion of recyclate in packaging for food is a challenge for the plastic packaging indus-
try. Due to the low number of authorised recycling processes in accordance with Regulation (EU) 2022/1616, there is 
not a sufficient quantity of plastic recyclates of the appropriate quality for food contact materials available. Particularly 
in the case of polyolefins, which are significant in terms of volume, the amount of recyclate processed would have to be 
increased more than fivefold. With the exception of PET, there are currently no authorised plastic recyclates for use in 
packaging with direct food contact. Plastic recyclates other than PET may only be used in food packaging behind a func-
tional barrier. In the shortest possible time, recycling technologies would have to be further developed and authorised, 
capacities built up and separate waste collection boosted throughout Europe in order to provide the required quantities 
and qualities of plastic recyclates for the packaging market. [74] 

The European Parliament’s amendments to the PPWR proposal address the challenge of recycled content in plastic 
packaging, especially in food packaging. The European Parliament therefore exempts packaging from the mandatory 
recycled content if this recycled content conflicts with European food safety requirements. The European Parliament is 
also calling for a review of the extent to which the use of bio-based raw materials can be counted towards the mandatory 
recycled content. [85]

4 Incentives and potential

The recyclability of food packaging is expected to be increasingly required by law from 2030 at the latest, not least due to 
the expected entry into force of regulatory frameworks such as the proposals for the PPWR and the Ecodesign Regu-
lation. Compliance with these legal requirements will be mandatory in order to be able to continue placing products and 
food packaging on the market. However, there are also economic, ecological and social incentives for the design for 
recycling of food packaging that go beyond the legal obligation.

4.1 Economic incentives – system participation fees and production costs

Section 21 of the Packaging Act stipulates the creation of incentives as part of the ecological adjustment of system partic-
ipation fees (see chapter 3.5) [78]. However, the Packaging Act does not specify how these requirements are to be imple-
mented quantitatively and thus leaves the ecological adjustment of the system participation fees to the systems8. Accord-
ingly, the required incentives may vary from system to system and may also be so low that they may not be perceived as 
incentives by producers. It is therefore to be welcomed that the further development of a concrete legal implementation of 
the ecological adjustment of the participation fees is planned as part of the revisions to the Packaging Act [86].

According to eurostat, the EU imports around 40% of the raw materials it consumes [87]. A circular economy can reduce 
the demand for primary resources by preserving materials used in products that are repaired or reused and by recycling 
waste as high-quality secondary raw materials [13, 46]. This would help to reduce Europe’s dependence on imports. 

8 A system collects the empty packaging that accumulates as waste from private final consumers in its catchment area and sends it for recycling [78],  
e.g. yellow bag or yellow bin.
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The supply chains of many industrial sectors would also be less vulnerable to price fluctuations on the international raw 
materials markets and to supply insecurity due to raw material shortages and/or geopolitical factors [6]. 

In Germany, a circular economy would reduce costs in the areas of mobility, food and housing by 25% (300 billion euros) 
by 2030 compared to 2012 [88], in the EU by 25% (1,800 billion euros) as well [15]. By establishing a circular economy, 
European households can save up to 80%9 of their costs in the areas of mobility, food and housing by 2050 compared to 
the average household expenditure incurred in 2012 [88].

4.2 Ecological incentives – resource conservation and reduction of potential environmental impacts

The reuse and recycling of products slows down the consumption of natural resources. This reduces the destruction of 
landscapes and habitats and curbs the loss of biodiversity. Another benefit of the circular economy is a reduction in total 
annual greenhouse gas emissions. [54] According to a study by the Ellen MacArthur Foundation, a European circular 
economy in the mobility, food and housing sectors could reduce CO2 emissions by 48%10 by 2030 compared to 2012. 
A reduction of 83%11 is forecast by 2050. [15] With regard to packaging, it should be noted that the use of recyclates is 
often associated with reduced energy requirements in the production of packaging materials and thus with lower poten-
tial environmental impacts than the use of primary raw materials [89, 90]. Every tonne of recycled plastic used instead of 
virgin material avoids between 1.4 and 3.2 tonnes of CO2 equivalent [91*]. A can made from 100% recycled aluminium, 
for example, requires 95% less energy to produce than a conventional can made from raw aluminium [91]. The use of 
recycled glass can reduce the melting energy required by 3% and the associated CO2 emissions by 3.6% for every 10% 
of cullet used [92]. When recycling tinplate, up to 75% of the energy required for primary production can be saved. At the 
same time, the associated CO2 emissions are reduced by up to 80% and water consumption by up to 40%. [93] When 
paper is recycled, around 50% of the energy required and around 67% of the water required can be saved compared to 
the production of primary fibre paper. Approximately 1.2 kilograms of waste paper are used to produce one kilogram of 
secondary fibre paper, which can save up to 2.2 kilograms of wood. [94]

4.3 Social incentives – fulfilment of consumer expectations

The fulfilment of consumer expectations represents a further incentive for the design for recycling of food packaging. 
Consumers are demanding an increase in the recycling of packaging and the use of recyclable materials [95] as well as 
a greater switch to refill systems in retail. An expansion of the reuse [95] and deposit system is also welcomed by con-
sumers. [96] The perceived recyclability of food packaging influences consumers’ purchasing decisions [97, 98]. There-
fore, information on the recyclability of packaging [99] and its environmentally sound disposal [100] is also relevant for 
consumers. Packaging that consumers consider to be poorly recyclable is also perceived as less environmentally friendly 
than packaging that is easily recyclable [100].

Furthermore, the transition to a more circular economy can increase Europe’s competitiveness, stimulate innovation, 
boost economic growth and create jobs12 [54]. The study “Economic Growth Potential of More Circular Economics” by the 
Waste Resources Action Programme shows that 1.2 to 3 million additional jobs are expected to be created in the Euro-
pean circular economy by 2030. In Germany alone, around 330,000 additional jobs are expected to be created. [5]

9 It is not possible to provide a quantitative value based on the specified source.
10 It is not possible to specify an absolute value on the basis of the specified source.
11 It is not possible to specify an absolute value on the basis of the specified source.
12 The European Parliament is basing this on a report by the Ellen MacArthur Foundation. This report shows what a circular economy could look like in 

Europe‘s most resource-intensive value chains – mobility, food and the building sector. There were not enough studies available to provide a quantitative 
forecast of the jobs associated with a circular economy. Overall, however, the studies analysed by the Ellen MacArthur Foundation also point to beneficial 
employment effects.
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5 Challenges and limitations

In addition to the potential of a circular economy described above, it is also associated with challenges and limitations. 

For a complete and thus absolute13 decoupling of economic growth from resource consumption, the principle of com-
pletely closed biological and technical cycles (see also cradle-to-cradle in chapter 2.2) offers potential. So far, however, 
such closed-loop systems cannot be realised without potential environmental impacts, as they always involve losses of 
raw materials and energy input [41, 48]. It is not only in reality that completely closed material cycles are a distant utopia. 
Even in theory, completely closed material cycles contradict the fundamental laws of nature, such as thermodynamics, 
as certain losses in quantity or quality are unavoidable. In addition, it is not possible to recycle materials without using 
energy or other inputs, such as water. [41, 43] If the energy used for recycling comes from fossil fuels, this represents a 
contradiction to the circular economy. This also shows that a circular economy focussed exclusively on material recycling 
is not sufficient to achieve long-term independence from finite resources [40]. Another related point is the basic availa-
bility of resources. For example, resources that are indispensable for individual processes or products and, above all, 
technologies in connection with renewable energies. 

No suitable substitutes are yet known for these resources. The supply of these resources is jeopardised because demand 
exceeds supply, the static range14 is alarmingly small or the raw material deposits are concentrated in individual regions 
or countries. In view of the increasing demand for raw materials, even completely closed material cycles would not be 
sufficient to cover the predicted needs of industry [103]. This illustrates that the circular economy still poses conceptual 
challenges [43]. Furthermore, the transition to a circular economy is also associated with costs. These transition costs 
include, for example, investments in assets or in the development of new infrastructure, research and development, 
employee training, costs associated with the introduction of new requirements and temporary support for the industries 
affected. [15, 49, 104] Accelerating the introduction of the circular economy would increase these transition costs, which 
may explain why the circular economy has not yet been introduced more quickly and on a larger scale. [15] 

In the context of food packaging, too few recyclates are authorised for food contact in order to establish a circular econ-
omy. In addition, the complete and separate collection and material recovery of post-consumer waste is particularly 
challenging. [41] Mixed post-consumer plastic waste from the yellow bin (applicable to Germany) must be sorted into 
different material streams. Due to additives and impurities, sorting is sometimes difficult and post-consumer plastic waste 
is often processed into low-grade recyclate. Advances in sorting technology based on digitalisation, robotics and artificial 
intelligence could improve mechanical recycling, but are not yet widespread due to higher costs. Alternatively, chemical 
recycling offers the opportunity to break plastic down into its basic building blocks, which can then be used as a starting 
material for new plastic or for the chemical industry. This technology has the potential to convert plastic waste that is 
difficult or impossible to recycle into high-quality products, but is still under development. [105] Against this background, 
the targets for the minimum proportion of post-consumer recyclate in food packaging envisaged in the proposal for the 
PPWR additionally represent a challenge for the food packaging industry [74]. The supply of recyclates, especially those 
of sufficient quality for use in food packaging, currently tends to fall short of demand. As a result, recyclates are often 
associated with even higher costs than primary raw materials. [89, 106] The reuse of products or packaging, e.g. in the 
form of reusable systems, cannot be assessed as advantageous across the board either. Although reusable systems 
can contribute to the avoidance or reduction of waste, whether they are ecologically and economically more expedient 
depends on many factors, such as transport and cleaning costs, and must be assessed on a case-by-case basis. [107]

13 In the case of absolute decoupling, resource consumption remains constant or even decreases. In the case of relative decoupling, resource consumption 
increases less than economic growth, which is proportional to gross domestic product. [101].

14 The static range indicates the period of time for which the known raw material reserves would be sufficient for the given annual production volume of a raw 
material. [102].
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6 Summary, conclusion and outlook

The following can be summarised to answer the key question posed by this expert knowledge: to what extent is the con-
cept of a circular economy indispensable for food packaging and which strategies enable successful implementation?

Against the backdrop of ecological necessity and the associated global challenges, such as the increasing volume of 
waste and the scarcity of finite resources, a change from a linear economy to a circular economy is imperative. This 
applies in particular to FMCG packaging, such as food packaging, which, due to its short use phase [11] symbolise 
today’s throwaway society [12, 13] and therefore a linear economy [13-16]. A circular economy offers the potential to 
reduce the use of primary resources, waste generation and the associated potential environmental impacts. However, in 
view of the scarcity of finite resources, the circular economy does not lead to independence from finite resources due to 
losses during the recycling process and the use of fossil-based energy sources. To address this limitation, a combination 
with a complementary alternative economy – the bioeconomy – is required. Equally important is the provision of improved 
product information for consumers. [6, 41, 49] It remains to be emphasised that even with the transition to a circular 
economy, there is a fundamental need to significantly reduce the overall consumption of natural resources for sustainable 
development [43].

Furthermore, especially in the context of food packaging, appropriate regulatory and technical framework conditions must 
be created in order to overcome the challenges already discussed with regard to the use of recyclates in food packaging. 
The entire product packaging system must always be considered when designing food packaging, taking into account the 
desired waste reduction, minimisation of potential environmental impacts and conservation of resources. The waste hier-
archy and/or recyclability must not take precedence over the functionality of the packaging. Significantly more resources 
are tied up in food than in its packaging. If, for example, the functionality of the packaging is impaired by the design for 
recycling, this can result in higher potential environmental impacts than non-recyclable packaging if packaging-related 
food wastage increases. Even dispensing with functional packaging in the sense of the first stage of the waste hierarchy 
– prevention – can result in more potential environmental impacts when considering the product packaging system and 
taking into account the resulting food wastage than were saved by the avoided packaging. The first stage of the waste 
hierarchy can also be seen in the avoidance of food wastage, which often does not go hand in hand with the avoidance 
of packaging. Recyclability is not the same as the level of sustainability of the packaging. Considering this aspect alone 
distorts the results and, in case of doubt, can lead to more unfavourable potential environmental impacts and thus fail 
to achieve the goal of reducing environmental impact. Whether functional food packaging, even if it is not recyclable, 
is associated with lower potential environmental impacts requires an individual assessment. Sustainability assessment 
methods such as the Life Cycle Assessment, Life Cycle Costing or a Social Life Cycle Assessment can be used for this 
purpose. 

The challenges facing a circular economy in the food packaging industry emphasise the need for research in this area. In 
the context of this research, a holistic view of product and material cycles across their life cycle and their dependencies 
on other cycles is a fundamental prerequisite for sustainable innovations. This includes the consideration of ecological, 
economic, technological and social aspects. [5] In addition to research, the transition to a circular economy also requires 
a process involving society as a whole. Active dialogue in all areas of society plays a decisive role in promoting under-
standing and acceptance of the circular economy. This includes intensive technical discussions between experts from 
business, science, politics, the media, environmental and consumer protection organisations as well as at national and 
local level. A collaborative, cross-value chain approach is therefore needed to achieve a circular economy.
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