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Abstract 9 
Plastic products are easy and convenient for our everyday use, but their negative impacts on human 10 
health and the environment cannot be overlooked. The negative impacts and effects of plastic 11 
waste are now widely known and have been subject of much recent media coverage, both in Europe 12 
and on a global level. 13 
Faced with increasing amounts of plastic waste, the European Union as a whole and many 14 
European governments in particular, are currently revising the policy options available to cope 15 
with the problem. One of the tools which may be deployed with a view to reducing the pressures 16 
posed by plastic waste, is the Extended Producer Responsibility principle. It is considered to be 17 
one of the major waste management policy instruments that support the implementation of the 18 
European waste hierarchy. Its application may assist in fostering the collection and recycling of 19 
waste streams that contain plastic. This paper presents an overview of the problems posed by 20 
plastic waste, and outlines their environmental dimensions. It discusses the role of the Extended 21 
Producer Responsibility principle  and provides some recommendations that may be useful in 22 
enhancing extended producer responsibility. 23 
 24 
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 26 
Highlights: 27 
The production of plastic waste in Europe is increasing  28 
Many plastic-related policies across Europe are not satisfactory 29 
The environmental impacts of plastic disposal are significant and deserve immediate action 30 
Extended Producer Responsibility can assist in reducing the scope of the problem 31 
 32 
1. Introduction: plastic as a valuable material and problematic waste 33 
Plastics are synthetic or semi-synthetic organic polymers that are lightweight, strong, durable and 34 
low cost (Van Eygen, et al 2017). For these characteristics they are used for the production of a 35 
very wide range of products and they have rapidly moved into all aspects of human life. Plastics 36 
cover a wide range of synthetic polymeric materials (such as polypropylene, polyethylene, 37 
polyvinyl chloride, polystyrene, nylon, and polycarbonate) producing large spectrum of different 38 
final products. .  39 
Most plastics are derived from non-renewable fossil feedstocks (e.g. natural gas, oil or coal). Also, 40 
renewable or bio based resources such as plant proteins, plant oil or carbohydrates e.g. cellulose, 41 
starch, lignin and many others, can be used for plastic production (de Vargas Mores et al, 2018). 42 
Another alternative to fossil-based plastics production is deriving the key plastic building blocks, 43 
hydrogen and carbon from electricity.  This can be done through electrolytic processes combined 44 
with carbon capture and utilization technology (Palm et. al, 2016). But at the moment the bio-45 
based plastics represent a very small share of the market and another alternative methods are 46 
relatively unexplored. Thus, plastic materials can be classified into various types commonly 47 
grouped into three broad categories based on their physical characteristics (Bourguignon, 2017): 48 
1) thermosets (hard plastics that cannot be re-melted and reshaped), 2) thermoplastics (that can be 49 
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re-melted back into a liquid and reshaped or recycled repeatedly) and 3) elastomers (soft elastic 1 
plastics).  2 
Plastic as a material helps to tackle a number of the challenges in our society. Innovative, light-3 
weight plastic materials in vehicles or high-performance insulation materials help to save energy 4 
and reduce CO2 emissions. Plastics, due their durability, weight and cost, are particularly effective 5 
in packaging applications. For example, in packaging, plastics used to protect and keep food in 6 
safe reducing amount of food waste. 7 
The applications of plastics are extensive and as a result, their production has been showing a 8 
continuous growth over the past 50 years. And is expected to double in the next 20 years (World 9 
Economic Forum et al., 2016; Gu et al., 2017). Approximately 335 million tons of plastics were 10 
produced in 2016, 18% of it having been produced in Europe (PlasticsEurope, 2018).. The 11 
European plastics industry includes producers of raw plastic materials, converters of plastics, 12 
recyclers of plastics and plastics machinery manufacturers. The industry generated total annual 13 
sales of EUR 350 billion in 2016 and ranks seventh in Europe in industrial value-added 14 
contribution (PlasticsEurope, 2018). 15 
Within the European single market, Germany is the largest producer of plastic parts and 16 
components, with sales of over EUR 90 billion (Germany Trade and Invest, 2017). Its share 17 
accounts for 37%, followed by France (17%) and Italy (11%). Germany is also the largest 18 
European exporter (31% of all European exports), followed by Italy (11%), France (9%), Poland 19 
(6%), the Czech Republic (6%), and Belgium (5%), and the largest importer of plastic parts and 20 
components, followed by France and the United Kingdom (Centre for the Promotion of Imports 21 
Netherlands, 2016). On the other hand, Italy, France, Poland, and the Netherlands are the main 22 
importers of German plastics (Germany Trade and Invest, 2017).   23 
As a whole, plastic consumption within Europe has also shown a steady increase, estimated at 46.3 24 
million tonnes in 2013 and 49 million tonnes in 2015 per year (Frölich, 2014; PlasticsEurope, 25 
2016). The biggest  demand  found in following countries: Germany, Italy, France, Spain, United 26 
Kingdom and Poland. In 2015, the countries consumed 24.6%, 14.3%, 9.6%, 7.7%, 7.5% and 6.3 27 
% of the total quantity, respectively (Statista, 2018). 28 
The packaging industry covers the largest share (40%) of plastic material demand in the EU 29 
(Plastics Europe, 2018). The building and construction sector as well as the automotive sector are 30 
the other main markets of plastics, forming respectively 20% and 10% of the total plastic demand. 31 
The share of electrical and electronic equipment is approximately 6% and households, leisure and 32 
sports is 4% of the total use of plastics. All other sectors including appliances, mechanical 33 
engineering, furniture, medical technology etc., together, comprise approximately 17% of the 34 
share of plastics consumed in Europe (Plastics Europe, 2018). 35 
The recycling of plastics is necessary in order to minimise the pressure on additional natural 36 
resources (Dahlbo et al., 2018). The management of plastic waste is largely determined by the type 37 
of plastic materials (Urreaga et.al., 2015). Although plastic waste management is improving in the 38 
EU, a relatively large share of plastic waste is still sent to landfill in many countries (the EU 39 
average being 27%). The majority (41%) of plastic waste in the EU is sent to incineration, mainly 40 
as part of mixed municipal waste. Approximately 30% of plastic waste is recycled (PlasticsEurope, 41 
2018). Plastic materials can be recycled in a variety of ways and the ease of recycling varies 42 
according to polymer type, product design and type (see Table  1). For example, rigid packaging 43 
containers consisting of a single polymer are simpler and more economically feasible to recycle 44 
than multi-layer and multi-component packages or products of miscellaneous plastic. The variety 45 
of plastic materials and types makes the recycling of end-of-life plastics difficult. The level of 46 
recycling of different plastic products also depends whether the product falls under the producer 47 
responsibility or other collection/recycling obligation. The overall recycling rate of plastic waste 48 
is still low, comparing with other materials such as paper, glass or metals.  49 
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 1 
Table 1. An overview of main types of plastic  and their collection/recycling levels 2 
 3 

Plastic type Main product 
categories 

Recyclability Level of collection and 
recycling 

Polyethylene 
Terephthalate (PET) 

Packaging material (e.g. 
beverage bottles) 
Textile applications 

Easy to recycle Packaging: high  
Textile applications: low 
 

High density 
polyethylene (HDPE) 

Packaging materials (e.g. 
milk, detergent and oil 
containers)  
Construction materials 
(e.g. pipes) 

Easy to recycle Packaging: moderate 
Other products: low 

Polyvinyl chloride 
(PVC) 

Packaging material 
(vegetable oil bottles, 
food wrap) 
Construction materials 
(flooring material, 
window frames) 

Difficult to 
recycle 

Packaging: low 
Other products: low 
 

Low density 
polyethylene (LDPE) 

Packaging material (e.g. 
plastic bags and film) 
 

Easy to recycle 
(most recycled 
type of plastic) 

Packaging: high 
 

Polypropylene (PP) Packaging material (e.g 
food and other 
containers, PP-cups, 
straws, bottle caps) 
Automotive industry 
plastic parts 
 

Easy to recycle Packaging: moderate 
Other products: low 

Polystyrene (PS/EPS) Packaging material (e.g. 
food containers, trays, 
cups and protection 
packaging) 
Construction material 
(e.g. insulation material) 

Difficult to 
recycle 

Packaging: low 
Other products: low  
 

Miscellaneous plastics Different products 
(sunglasses, computer 
casing, nylon, compact 
discs, baby bottles, etc) 

Difficult to 
recycle  

Collection: high 
Recyclability: Very low 
 

 4 
Table 1 tries to illustrate the diversity of plastic available on the market today, and the different 5 
levels  of recyclability they have. It can be seen that, in most cases, the plastic modalities which 6 
are  characterized by a greater recyclability have high levels of collection, whereas those which  7 
are difficult to recycle- such as miscellaneous plastics- have low levels of recyclability, despite 8 
high collection rates. The reasons for them are twofold: the wide availability of these materials 9 
and the comparatively low costs in producing them, a factor which serves to discourage their 10 
recycling. A trend  seen in many plastic products. 11 
 12 
Whereas the recycling of some types of wastes such as food waste is a common feature today (Leal 13 
Filho, Kovaleva 2014), the potential for recycling plastic waste in the EU remains largely 14 
untapped. It is worth mentioning that not all plastic waste collected for recycling is recycled inside 15 
the EU. Europe is the major exporter of waste plastic intended for recycling (Velis, 2014). The 16 
exported amount is about 37% of the overall plastic for recycling (PlasticsEurope, 2018), 87% of 17 
which has been absorbed by China (Velis, 2014). The recent decision by China, who has been the 18 
world’s largest importer of plastic waste, to ban the import of 24 types of waste types (including 19 
specific types of plastic waste), has created a serious problem for the recycling of European plastic 20 
waste. 21 
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The low demand of recycled plastics, low commodity prices and uncertainties about market outlets 1 
has hindered the development of EU plastic recycling sector. Investments in plastic recycling have 2 
been  suspended and the recycling sector remains underdeveloped and fragmented (Milios et al 3 
2018). However, plastics can make a major contribution towards a circular economy, helping to 4 
achieve a more resource-efficient and circular European recycling industry. Therefore, there is an 5 
urgent need to increase the efforts of the recycling of plastic waste in Europe. 6 
There is a high possibility that plastic waste is released to environment if it is not properly collected 7 
and treated. As a result, it can cause dangerous impacts in the marine environment (Jahnke et. al 8 
2017; Koelmans et. al., 2014; Lamb et. al., 2018; Lasut et. al., 2018), freshwater ecosystems 9 
(Besseling et al., 2017; Blettler et al., 2018; Rodrigues et al.,2018), the soil (Bläsing & Amelung, 10 
2018; Chae & An, 2018; Scheurer & Bigalke, 2018; Zubris & Richards, 2005) and the food chain 11 
(Lusher, Hollman & Mendoza-Hill, 2017; Romeo et. al., 2015). 12 
One of the notable challenges in the plastic waste management is that it is discharged into the 13 
marine environment (Law, 2017; Walker, 2018). This occurs not only through direct pollution by 14 
beach and sea littering, but also with a numerous other ways like freshwater ecosystems and 15 
atmospheric transport, as well as  fishing and shipping activities (Walker et. al, 1997). The land-16 
based sources, as opposed to marine-based sources, are considered the dominant input of plastics 17 
into oceans (GESAMP, 2016).  Every year 5–15 mt of plastic is discharged into oceans, therefore 18 
the age we live in is named “plasticene” (Ten et. al, 2018). Over time, plastic waste that reached 19 
to the seas and oceans are degraded into fragments (macro and micro plastic). This specific type 20 
of pollutants  rapidly spreads in the water, widely affecting marine environment (including several 21 
hundreds of marine species) (Wright et at, 2013; GESAMP, 2016). 22 
Plastic waste in the marine environment is not only killing flora and fauna, but also endangering 23 
health of the human population by threatening the food security. For instance it was investigated 24 
the high frequency of plastic fragments in the bluefin tuna (Gall & Thompson 2015; Romeo et. 25 
al., 2015). According to these results, PBT compounds (PAH, PCB, PBDE, DDT) and plastic 26 
additives can cause alteration on the reproductive system and endocrine disruptors. Moreover, 27 
concentration of plastic debris in top predator's fish body is increasing not only by direct 28 
particles consumption, but also with a species from successively lower levels in a food chain. 29 
The conclusion that can be drawn from these findings are that humans who have in the diet large 30 
pelagic fish containing microplastics could also have a health problem, although it is not 31 
explicitly stated (Romeo et. al., 2015). 32 
 33 
2. Extended Producer Responsibility as a cornerstone for circular plastics economy 34 
 35 
The EU has recently focused more attention to transform Europe to more circular and resource 36 
efficient economy. The EU Action Plan for a circular economy, adopted in December 2015, 37 
identified recycling and reuse of plastics as a key priority.   The recently adopted European 38 
Strategy for Plastic in a Circular Economy aims to increase significantly the prevention and 39 
recycling of plastics including the target to make all plastic packaging on the EU market recyclable 40 
by 2030 and to reduce the consumption of single-use plastics (European Commission, 2018). The 41 
EU strategy seeks to address the planned targets throughout the plastics supply chain, from the 42 
design of products through production and usage to the end-of-life stage, through stimulating the 43 
EU recycling capacity and internal market for recycled plastic and adopting different fiscal and 44 
legislative measures. The phasing out of single-use plastics is also targeted outside of Europe as a 45 
result of increasing governmental and public attention to the issue (Xanthos & Walker, 2017). 46 
 47 
Extended Producer Responsibility (EPR) is considered to be one of the major waste management 48 
policy instruments that support the implementation of the European waste hierarchy (Milios et at 49 
2018). It has been a main policy instrument in EU that has contributed to the collection and 50 
recycling of waste streams that contain plastic. It is also recognised, that EPR can significantly 51 
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help to contribute to achieving existing EU waste targets, and the new more ambitious targets in 1 
the EU Circular Economy Package (Watkins et al, 2017).  2 
EPR is defined as an environmental policy principle in which a producer’s responsibility is 3 
extended to the post-consumer stage of a product’s life including take-back, recycling and final 4 
disposal (Lindhqvist, 2000; OECD, 2014). It is based on the knowledge that producers are best 5 
positioned actors to make the required changes (e.g. collection and recycling) to minimize impacts 6 
of their products. . The type of responsibility varies between producer responsible organizations 7 
(PROs). The most commonly PROs take financial and organizational obligations. The simple 8 
financial responsibility include usage of fees from producers to set up and manage a take back 9 
system such as Belgian scheme for industrial packaging or UK system of electronic Packaging 10 
Waste Recovery Notes (ePRNs) (Watkins et al, 2017). Another possibility to go through direct 11 
reimbursement contracts with municipalities as done in Czech Republic, Denmark and France 12 
(European Commission, 2014c). Organizational responsibilities include full or partial 13 
involvement. In terms of full organizational responsibility, the PRO is responsible for the 14 
organization of the collection and recycling of packaging waste as in Austria and Denmark. In 15 
partial responsibility, usually municipalities are responsible for collection and sorting of waste and 16 
PRO reimburses them and sells for example sorted material as in Belgium for household packaging 17 
waste (European Commission, 2014c). 18 
 19 
„It should be pointed out that EPR is a policy approach under which producers are given a 20 
significant responsibility – financial and/or physical – for the treatment or disposal of  post-21 
consumer products. It should not be confused with an act.  22 
 23 
The applications of EPR principles are manifold -also out of the plastics industry- and that  24 
because it is so, it cannot fully meet the specific requirements for all categories of plastic.  25 
Indeed, EPR principles also aim at internalising environmental externalities and providing an 26 
incentive for producers to take into account environmental impacts throughout a product’s life -27 
cycle, from material excavation and supply to their end-of-life stage (OECD, 2016). In  this way, 28 
EPR provides a basis for effective end-of-life collection, improved reuse and recycling of 29 
collected products  and driving manufacturers to safe resources making products  with a lower 30 
environmental impact. (OECD, 2014). The experiences with EPR programmes in different EU 31 
countries have shown that the concept can be a key instrument and one of  the basis moving 32 
towards a Circular Economy (Liu et al., 2018; Walker & Xanthos, 2018; Zero Waste Europe, 33 
2017; European Commission, 2018).“ 34 
 35 
 36 
EPR was first implemented in Europe in the early 1990s for beverage packaging (Lindhqvist, 37 
2000). Since then the EPR strategies have been applied through the EU legal framework to several 38 
other products such as electrical and electronic equipment (EEE), batteries and end-of-life 39 
vehicles. Today, most of the EU Member States have introduced EPR schemes for packaging 40 
waste collection and recovery. Implementation of EPR schemes differs between countries 41 
including mandatory regulations, voluntary agreements as well as voluntary industry initiatives.. 42 
The  EPR is implemented through different  range of instruments, such as regulatory take-back 43 
schemes and recycling requirements or DRS for beverage containers (BIO, 2014). 44 
 45 
EPR for packaging has contributed to significant increases in recycling rates in the EU (OECD, 46 
2016). This applies also to plastic packaging where recycling reached in average 40% in 2015, 47 
which is well above the requested 22.5% of the EU Packaging and Packaging Waste Directive. 48 
Since the plastic consists largely of fossil fuels, the energy recovery and incineration of plastic 49 
packaging waste in the EU has also increased. EU has introduced EPR through several other 50 
specific waste legislation such as the ELV Directive 2000/53/EC and WEEE Directive 51 
2012/19/EU(EC, 2014b). Plastic waste stream from end-of life vehicle forms about 12-15% per 52 



7 
 

modern average car (Plastics Europe, 2013). According to European Commission (2007), the 1 
average plastic content in WEEE is about 30%. Recycling of such plastic is quite problematic as 2 
far as it contains some hazardous parts such as heavy metals and brominated flame-retardants.  3 
In addition, several member states have adopted their own national or regional legislation that 4 
introduces collection and recycling of waste streams that contain plastic. For example, Ireland has 5 
established EPR schemes for WEEE, end of life vehicles, batteries, packaging, agricultural 6 
plastics, tyres and have plans to implement EPR for textile waste (textile waste also contains today 7 
a significant amount of polymers/plastic). However, France, has already adopted EPR scheme for 8 
textile waste, establishing obligation for producers to take back 50% of the volumes put on the 9 
market. Similarly, Sweden assessed the possibility for implementation of mandatory EPR system 10 
for textile products, however, final decision has been left to PROs. 11 
Several Member States adopted EPR scheme for agricultural plastic waste (Table 2). Agri-plastics 12 
cover wide range of plastics used in agriculture such as plastic mulch films, row coverings, high 13 
and low tunnels, greenhouses (ApeEurope, 2018). The collection rate of agri-plastics waste for 14 
these countries is between 75% and 95%, with high recycling of 98% (Ape Europe 2018). In some 15 
countries, EPR has been implemented for other specific types of waste containing plastic such as 16 
disposable plastic kitchenware (Belgium); pesticide, fertilizer, seed and plant packaging, furniture, 17 
office equipment and ink cartridges (France); medical and pharmaceutical packaging (Portugal); 18 
plastic foils and bulky plastics (Austria) (European Commission, 2014). 19 
Table 2 presents an overview of EPR schemes implemented for different types of plastic waste in 20 
EU Member States. 21 
  22 
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Table 2. An Overview of EPR schemes adopted for plastic related waste streams in the EU 28 1 
 2 

Country Packaging WEEE ELV Agricultural 
plastic 

Other 

Austria √ √ √  Plastic foils and bulky plast  
Belgium √ √ √ √ Disposable plastic 

kitchenware 
Bulgaria √ √ √   
Croatia √ √ √   
Cyprus √ √ √   
Czech Republic √ √ √   
Denmark ρ √ √   
Estonia √ √ tb   
Finland √ √ √ √  
France √ √ √ √ Textile, pesticide, fertilizer, 

seed and plant packaging, 
furniture and office 

equipment, ink cartridges 
Germany √ √ tb √  
Greece √ √ √   
Hungary √ √ √   
Ireland √ √ √ √  
Italy √ √ √ √  
Latvia √ √ √   
Lithuania √ √ √   
Luxemburg √ √ √   
Malta √ √ N/A   
Netherlands √ √ √  Window panes 
Poland √ √ √   
Portugal √ √ √  Medical and 

pharmaceutical packaging 
Romania √ √ tb   
Slovakia √ √ √   
Slovenia √ √ √   
Spain √ √ √ √  
Sweden √ √ √ √  
United Kingdom √ √ √   

√ - EPR scheme; tb - takeback obligation, no PRO; ρ- product fee 
obligation/governmental fund. Source: European Commission, 2014 
 

 

 3 
  4 
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3. Opportunities for more ambitious EPR  1 
Despite some success, the EPR implementation for plastics containing waste streams in the EU 2 
has shown several problems and weaknesses (OECD, 2014; Zero Waste Europe, 2015; Watkins et 3 
al, 2017). The implementation of EPR lacks harmonisation and transparency across the EU; it 4 
differs in scope and goals, as well as performance and costs, in different Member States. This is 5 
mainly due to the lack of harmonised EU-wide approach to EPR that has led to very different 6 
implementation schemes, procedures, fee levels, product coverage and other aspects across the EU 7 
Member States. Therefore, the EPR framework needs to be redesigned and this should also include 8 
the move towards the reduction of plastic waste, to ensure the transition to a sustainable Circular 9 
Economy (Watkins et al, 2017; European Commission, 2018).  10 
There are many possibilities and new approaches to make the existing EPR schemes for plastic 11 
packaging and other post-consumer plastic waste streams more efficient and effective. The EU 12 
Plastic Strategy and several studies that contributed to the development of the Strategy and 13 
discussions on EU Circular Economy Package (Zero Waste Europe, 2015; Watkins et al, 2017) 14 
have suggested several recommendations in this matter. A short overview of the main actions that 15 
could play a significant role in EPR redesign, including more sustainable use of plastic, is 16 
described below. 17 
3.1. Harmonisation of EPR in the EU 18 
EPR principles set in the EU legislation are flexible and enable different implementation 19 
approaches at national level in accordance with the specific conditions of the Member States. Each 20 
Member State may set different rules for their EPR schemes. At the same time, the definition of 21 
EPR is not clear enough and differs in both goal and scope in the European Union as well as 22 
Member States legislation (Watkins et al, 2017). As a result, Member States have taken varying 23 
approaches to regulate the EPR schemes: for example, EPR can be implemented either as 24 
collective or individual producer responsibility, with full financial responsibility or partial 25 
operational responsibility of producer responsibility organisations. The lack of a common basis 26 
and approach has led to diverse requirements as well as performances of EPR schemes across the 27 
EU. The different collection/recycling fees of PROs often favour certain plastic materials above 28 
others and could create problems for producers that act in the different Member States. Therefore, 29 
there is need for common definitions and a more harmonised approach for the EU (Watkins et al, 30 
2017). This should include also a harmonisation of other relevant economic instruments (e.g. 31 
product or waste taxes). In addition, it is also important to ensure fair competition between EPR 32 
schemes on a national as well as EU level and better transparency on performance and costs/fees. 33 
3.2. Extending EPR to other plastic products  34 
The experiences of EPR in plastic packaging waste and to a lesser extent in other products that fall 35 
under the common EU EPR obligation (e.g. WEEE, end-of-life vehicles) have shown that it is 36 
possible to achieve relatively high separate collection and recycling rates. Therefore, it should be 37 
considered to widen the scope of EPR to other plastic products. These products can be such as: 38 
pharmaceutical packaging, agricultural plastic, plastic used as construction material, furniture and 39 
carpets, printer cartridges. More comprehensively can be investigated some specific waste streams 40 
such as bulky metals, glass, plastics and wood, composite packaging (Tetra-Pack) as well as textile 41 
waste. Several EU Member States have already successfully applied EPR to the some of the named 42 
products (Watkins et al, 2017). 43 
3.3. The role of circular design 44 
The proper product design and especially circular design (e.g. design for reuse and recyclability) 45 
is one of the key issues to improve reuse and recycling levels of end-of-life products. Without 46 
significant redesign, it is not possible to reuse or recycle significant amount (ca 30%) of plastic 47 
packaging. In addition, design improvements significantly lower (ca 50%) the cost of recycling 48 
plastic packaging waste (Ellen MacArthur Foundation, 2017). The current experiences of EPR 49 
implementation in different EU Member States have however shown that the applied measures 50 
have not succeeded in motivating packaging producers to turn to eco and circular design (Zero 51 
Waste Europe, 2015). The main reasons for this are the relatively low compliance costs (collection 52 
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and recycling) for producers with EPR and the lack of differentiation of producer fees based on 1 
circular design (e .g. reusability or recyclability) (Pires et al, 2015; Watkins et al, 2017). PROs use 2 
usually weight-based fees that are often averaged across producers. In some countries, collection 3 
and recycling costs are only partly covered by producers. This does not motivate innovation in 4 
terms of circularity when designing the plastic packaging or other plastic products under EPR.  5 
To ensure improved circular design of plastic products under the EPR, common incentives are 6 
important for producers that favour circular products and incorporate EPR as part of their business 7 
models, instead of treating it separately. EU-wide criteria for EPR should be harmonised so that 8 
they include the minimum requirements on products design regarding the material design and 9 
origin of materials (e.g. small or composite packaging) as well as limits for additives/chemical 10 
substances that are problematic for product waste management and recycling. The other option is 11 
to differentiate or modulate the EPR fees aiming to guide producers towards more responsibility 12 
for their products that are launched on the market. (Watkins et al, 2017).  13 
In the case of plastic packaging, the fee structure could, for example, stimulate the use of reusable 14 
packaging or recycled and bio-based plastic, reward design for more recyclability as well as costs 15 
for packaging that is difficult to recycle, or reuse could be increased. However, the introduction of 16 
differentiated fees for plastic products could have certain challenges. In practice, product design 17 
is not always implemented by the actors responsible for paying the producer fees. This is especially 18 
the case for smaller countries where the share of imported products is high and the possibility to 19 
influence the product or packaging design through local EPR legislation is weak. Therefore, a 20 
common EU-wide harmonised EPR criteria in this area is important (Deloitte, 2014). 21 
3.4. Improvement of separate collection and treatment of wastes 22 
Most of the EPR schemes tend to achieve no more than the collection and recycling targets set in 23 
the waste legislation. Future higher recycling targets will require more efficient collection, sorting 24 
and final treatment of waste. Various modern and efficient recycling technologies for plastic waste 25 
have been developed. However, no matter how efficient the recycling technologies are, the 26 
experiences of EPR schemes show that source separation and sorting is the most important step in 27 
the recycling loop. Adequate source separation and sorting ensures better quality of recycled 28 
plastic material. This also helps to avoid contaminants in the collected waste that create the basis 29 
for further use of the recycled materials. Growth and expansion of plastic recycling is therefore 30 
often restrained by insufficient volumes and low quality of collected plastic waste.  31 
Several surveys carried out by the European Commission have shown that approximately 90% of 32 
European consumers think that better and more collection facilities for plastic need to be provided 33 
(European Commission, 2017). Therefore, in the light of increasing recycling targets, there is a 34 
need to improve the separate collection and sorting of the plastic waste under the EPR. Regional 35 
and local authorities together with PROs play a key role in developing adequate collection schemes 36 
and raising public awareness that is needed to ensure a well-functioning separate collection 37 
(European Commission, 2018). It is clear that the focus on low-cost collection solutions, for 38 
example, collection of mixed packaging or collection of waste streams that are easy to collect (e.g. 39 
bulk commercial plastic packaging), is not enough to increase the recycling of plastics. 40 
3.5. Extending the deposit refund systems (DRS) 41 
Increasing recycling targets and littering of plastic packaging have led to the exploration of 42 
alternative systems to the existing kerbside collection system. The experiences of several EU 43 
countries have shown that mandatory DRS have proved to be highly successful in diminishing 44 
littering as well as reaching high levels of collection and recycling (Eunomia, 2011).  45 
In comparison with alternative or parallel systems, the benefit of a DRS is the financial motivation. 46 
The deposit sum has shown to be an important incentive and lead to substantial return/collection 47 
rates. Typically, countries with deposit refund schemes for plastic containers achieve recycling 48 
rates of approximately 80 - 95% (EAC, 2017). Another positive aspect is that the collected plastic 49 
material has a much higher quality compared to the kerbside collection system. This creates higher 50 
resource efficiency for collected plastic waste as it can be recycled in much higher volumes and 51 
higher level (e.g. bottle-to-bottle recycling). The deposit refund system also creates the basis for 52 
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product reuse systems. For example, the Estonian DRS has ensured a much higher share of reuse 1 
and also recycling of beverage containers than in the neighbouring countries of Latvia and 2 
Lithuania (Moora and Uselyte, 2011). The well-functioning and cost-effective DSR system has 3 
provided economic incentive for Estonian beverage manufacturers to use refillable bottles over the 4 
one-way containers and preserve the refillable infrastructure. As a result, the share of refillable 5 
beverage bottles is relatively high, especially comparing with one-way PET bottles. The deposit-6 
based reuse systems are also increasingly used for transport packaging, such as plastic crates and 7 
pallets. 8 
A DRS provides an alternative funding mechanism for the collection and recycling of plastic 9 
containers based on the “polluter pays” principle. The experience of the Estonian DRS for 10 
beverage containers shows that the costs for producers can be relatively low (Leal et al, 2016). 11 
Typically, in a well-functioning DRS, the unredeemed deposit, together with the value of the high-12 
quality materials that are collected, are the key sources of funding to the scheme.  It should be 13 
noted that not all plastic products are appropriate for DRS. Nevertheless, the cost-efficiency of the 14 
DSR depends on the administrative set-up and implementation of the scheme. In a well-designed 15 
DRS, the on-going financial and environmental benefits usually outweigh the costs of operating a 16 
system. Based on the positive effects mentioned above, the wider implementation of the DRS in 17 
the EU countries could significantly increase the reuse and recycling of plastic containers and 18 
reduce the littering of plastic waste. One option could be the implementation of an EU-wide DRS 19 
for one-way beverage packaging (European Parliament, 2011). This would help the producers to 20 
optimise production and the logistics of their products, and the free movement of goods would not 21 
be restricted. The initiative must come from the governments, but the ability to make 22 
manufacturers and retailers work together has a critical role to play when implementing a well-23 
functioning deposit refund system. 24 
3.6. Incorporating EPR in a sustainable and circular business model 25 
EPR has already been applied in the case of packaging waste with varying license fees in European 26 
countries (e.g. Green Dot System for packaging waste) (PRO Europe, 2018). However, the 27 
management of packaging waste or packaging design has not yet improved substantially and 28 
noticeably from an environmental perspective (Pires et al. 2015). EPR is targeted to enable the 29 
transition to the circular economy; however, the role of the business model that the producers are 30 
to adopt has not been clarified in this context and thus the producers’ business and economic 31 
profitability have not been taken into account. 32 
A business model is commonly defined with three main components, the value proposition, the 33 
value creation and delivery, and the value capture (Osterwalder and Pigneur, 2005). A sustainable 34 
business model (SBM) is based on a triple bottom line approach, that takes into account the 35 
economic, environmental and social spheres in the business ecosystem and the different kinds of 36 
stakeholders on the three levels (Antikainen and Valkokari, 2016; Bocken et al. 2014). The value 37 
proposition in a sustainable business model should provide measurable ecological and social value 38 
in addition to the economic value (Boons and Lüdeke-Freund, 2013; Bocken et al., 2014). SBMs 39 
necessitate that firms change and develop their organizations and business to enable more 40 
transparency and create sustainable value to all of their stakeholders (Aagaard, 2019).  The focus 41 
in SBMs is on innovation for sustainability, and the business strategy and processes of firms using 42 
plastics as a resource should thus develop their business with economic, social and environmental 43 
considerations and take into account the full life-cycle of their product and the requirements of the 44 
stakeholders in the business ecosystem.  45 
Business models which consider EPR may be helpful when developing the sustainability of a 46 
business which produces or relies on plastic. It is known that when firms focus on the circular 47 
design and eco-efficiency they can reduce energy, emissions and waste in their production. These 48 
developments, however, are not lowering total resource usage and environmental impacts of 49 
production as the number of products created is still increasing due to growth of global population 50 
and demand (Bocken et al. 2014). Regardless of potential developments in energy efficiency, it 51 
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may result in greater production and sales of products produced out of plastic, as they are more 1 
affordable, thus creating a rebound effect (Herring and Sorrell, 2009). 2 
A circular business model aims at creating value in economically viable ways by reusing products 3 
and recycling materials, and using renewable resources whenever possible (Bocken et al., 2016). 4 
One way to implement a circular business model is to extend the product value by exploiting the 5 
residual product value and aiming at offering consumers affordable products that have been 6 
remanufactured, repaired or other ways designed to last longer by design (Bocken et al., 2016). 7 
Firms could set up platforms where consumers could benefit from the residual value of their 8 
products (e.g. sales of used products on a website). In a circular business model, the aspects of 9 
creation and delivery could consist of take-back systems (e.g. collection points at retailers) to 10 
ensure that consumers return used products instead of disposing of them. Thus, a firm can capture 11 
value by reducing material costs, and even though there may be some labour and logistics expenses 12 
added, the total product costs can decrease by using recycled material. There could also be third 13 
parties that make use of other firms’ products, however, the producers could already design their 14 
products so that they could be reused and remanufactured and thus apply a circular business model 15 
(Bakker et al. 2014). In the development of a sustainable business model, firms need to cooperate 16 
with stakeholders in the private and public sector to be successful (Stubbs and Cocklin 2008).  17 
When sustainable and circular business models are combined, the approach is a sustainable circular 18 
business model (SCBM) where the triple bottom line approach is combined with a systems 19 
perspective (Antikainen and Valkokari, 2016).  20 
A SCBM holistically views the entire business ecosystem including the trends and stakeholders, 21 
analyzes sustainability costs and benefits, and evaluates iterative cycles of sustainability and 22 
circularity in the business context. Minimisation of the environmental impact of the end-of-life of 23 
products has to be implemented on a systems level. Therefore, the products and production systems 24 
of firms need to be designed with circular design principles (Spicer and Johnson, 2004).  25 
Bocken et al. (2014) have classified sustainable business models into eight different archetypes 26 
that provide different models facilitating the transition to a circular economy. These include: “1) 27 
Maximise material and energy efficiency; 2) Create value from ‘waste’; 3) Substitute with 28 
renewables and natural processes; 4) Deliver functionality rather than ownership; 5) Adopt a 29 
stewardship role; 6) Encourage sufficiency; 7) Re-purpose the business for society/environment; 30 
and 8) Develop scale-up solutions”. All of these archetypes require demonstrations of EPR as the 31 
producer is creating value in novel ways and extending the life and sustainability of the products 32 
to some extent.  33 
Based on the above, it can be concluded that EPR could provide clear economic incentives for 34 
producers/firms and consumers favouring circular products. It motivates already existing plastic 35 
product producers and firms to think about alternative business approaches (e.g. reuse and 36 
recycling schemes). The existing producer initiatives and producer responsibility schemes could 37 
also help to build bridges with producers, recyclers and reverse logistic systems, initiating in this 38 
way also new business possibilities and relationships. The EPR could also provide opportunities 39 
for new and innovative circular business models and initiatives (e.g. re-use/deposit, repair and 40 
product-service schemes, and sharing platforms). In the case of plastic products, the EPR could 41 
stimulate also the circular bio-based economy. Bio-based plastics are already offering true 42 
potential in all of the three pillars of sustainability (Spierling et al., 2018; de Vargas Mores et al, 43 
2018). The new development of sustainable and biodegradable materials, such as lignocellulose, 44 
offers firms viable ways to replace petroleum-based plastics in their production and packing 45 
materials. For example, molded pulp products and bio-based foams can be used as packaging 46 
materials and advanced cellulose films and paper can be utilized as barriers for oxygen, carbon 47 
dioxide gases and water vapor (Su et al., 2018). When companies invest in replacing petroleum-48 
based plastics in their production and packaging, they are laying the foundations for their SBMs. 49 
Thus, they will also have the possibility to avoid the financial costs related to the handling of 50 
petroleum-based plastic waste in their business and, at the same time, they are supporting society 51 
in the transition towards a more sustainable and bio-based circular economy. 52 
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As it was mentioned in the previous sections, the harmonization of scope, definition and 1 
approaches of EPR on EU level is needed to ensure the fair competition between producers and 2 
EPR schemes. As such, the European Commission has an important role in ensuring that the EPR 3 
schemes are applied similarly and fairly on markets across firms of all sizes. Differentiation of 4 
EPR fees down to product and company level is needed to incentivize companies to implement 5 
circular business models. The European Resource Efficiency Platform (2014) has incentivised 6 
producers to create new and innovative ways to handle products at the end-of-life stage and their 7 
plastic waste management. This requires that the EU also monitors that costs and benefits are 8 
distributed fairly across the whole value chain, that the data on the plastic waste management is of 9 
good quality and reliable, and that there is cooperation among the stakeholders (Deloitte, 2014). 10 
Without these measures on the EU level and within firms, the firms do not have the necessary 11 
elements in place to develop more sustainable business models that would help to build a circular 12 
economy. 13 
 14 
 15 
4. Conclusions 16 
As this paper has shown, plastic is a valuable material on the one hand, but a problematic waste 17 
on the other, associated with health and environmental impacts. The problems seen in the current 18 
use, and the expected growth in the deployment of plastic in a wide range of areas in the future, 19 
suggest that an efficient recycling plan is urgently needed, in order to minimise the pressure it 20 
currently puts on the natural environment, both during its production and its disposal. Yet, except 21 
for a few, isolated attempts, the potential for recycling plastic waste remains largely untapped 22 
Despite the overall negative trends, plastics can make a major contribution towards a circular 23 
economy.  This paper has shown that Extended Producer Responsibility may be one of the ways 24 
via which things can move forward. EPR can significantly help to contribute to achieving existing 25 
EU waste targets, and the new ambitious targets in the EU Circular Economy Package. 26 
The EPR implementation for plastic-containing waste streams in the EU has shown several 27 
problems and weaknesses, which vary from the lack of binding mechanisms, to lack of incentives 28 
for enterprises to fully engage. Therefore, the EPR framework needs to be redesigned, and this 29 
should also include concrete measures which may lead to a reduction of plastic waste. 30 
But apart from plastic per se, a wider application of EPR to other products is possible (and needed). 31 
As the experiences from several EU Member States have shown, it is possible to extend the EPR 32 
based schemes also to other waste streams containing plastic (e.g agricultural plastics, textile 33 
waste, plastic used in construction, medical and pharmaceutical packaging, bulky plastics, 34 
furniture, printer cartridges, textile and carpets, etc). Yet, so far, the main focus has been on 35 
packaging. Other products should also be included in the framework of EPR. 36 
The implications of the paper are threefold. Firstly, it shows the differences across the EU. 37 
Secondly, it demonstrates why a greater harmonisation of EPR approaches is needed. These should 38 
consider, for instance, the compatibility of other relevant economic instruments to steer plastic 39 
demand and use in the right direction (e.g. product or waste taxes). Finally, the paper illustrates 40 
the need to ensure a fair competition between EPR schemes on a national as well as EU level, and 41 
better transparency on performance and costs/fees. 42 
Based on the positive experiences of EU Member States it is recommended that a wider 43 
implementation EU-wide DRS for one-way beverage packaging takes place. This would help 44 
producers to optimise production and the logistics of their products, and the free movement of 45 
goods would not be restricted. It is also necessary to take into account the fact that even though 46 
such initiatives need to be taken by governments, the views and perspectives of manufacturers, 47 
fillers, packers and retailers need to be taken into account when implementing schemes such as a 48 
deposit refund system. Also, consumers need to engage further and steer more demand for 49 
biological based plastic materials, which are biodegradable. 50 
Future higher plastic recycling targets will also require more efficient collection, sorting and final 51 
treatment of plastic wastes.  In the light of increasing recycling targets, there is a need to improve 52 
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the separate collection and sorting of the plastic waste under the EPR. Regional and local 1 
authorities, in cooperation with PROs, have a key role to play in developing the adequate collection 2 
schemes and raising public awareness that is needed to ensure a high-quality separate collection.  3 
Financial resources collected through the EPR schemes can do much to amplify such efforts. It is 4 
clear that the focus on low-cost collection solutions, for example, collection of mixed packaging 5 
or collection of only lowest cost waste streams, is not enough to increase the recycling of plastics. 6 
In order to yield the expected benefits, EPR should be seen as a part of a wider policy mix. 7 
Coherence should for instance be ensured between the objectives and implementation of EPR and 8 
other regulatory and economic instruments such as recycling targets, bans, product/material and 9 
waste taxes, pay-as-you-throw schemes, labelling, voluntary agreements, procurement policies, 10 
and information and awareness campaigns.  11 
A more ambitious and harmonised plastic-based EPR implementation plan in EU Member States 12 
may significantly contribute towards higher a circular economy in the plastics sector, hence 13 
helping to reduce a problem which bears a direct influence to environmental quality and human 14 
well-being, both in Europe and elsewhere.   15 
 16 
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