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Abstract: 

It is widely known in the recycling industry that only a small share of the plastic packaging put on the Swedish 
market is materially recycled. The collection rate for plastic packaging waste is low, with most of it being disposed 
of in the municipal solid waste, instead of being correctly sorted in the public collection system. Furthermore, 
significant reject levels in the material recycling processes decrease the amount of plastic that is actually materially 
recycled. The vast majority of the plastic packaging put on the market is instead incinerated for energy recovery 
in Sweden’s waste-to-energy sector, which creates significant greenhouse gas emissions. Legislatively, plastic 
packaging is covered by Extended Producer Responsibility, which is a way of shifting the responsibility for end-
of-life management of products from the public to the importer or manufacturer. This is seen as an application of 
the Polluter Pays Principle, which is an important concept in the EU’s waste legislation.  

Automated central sorting is a promising technology for removing plastic packaging before waste incineration. 
This thesis investigated drivers, barriers and possible solutions for implementing automated central sorting in 
Sweden. Furthermore, it evaluated the ability to increase material recycling of plastic packaging waste and the 
ability to decrease the amount of greenhouse gas emissions caused by the waste-to-energy sector. To meet the 
research objectives, a literature review and semi-structured interviews were conducted.  

The results show that an implementation of automated central sorting might increase the collection rate for plastic 
packaging waste, but that parallel and holistic actions are required to significantly increase the material recycling 
rate. Similarly, an increased collection of plastic packaging waste may decrease greenhouse gas emissions locally, 
but the lack of demand for recycled plastic means that there is a risk that it will be incinerated somewhere else. 
Therefore, initiatives to increase the demand for recycled plastic are important. 

Additionally, results show that producers are willing to invest in initiatives to improve plastic packaging waste 
collection and material recycling. However, under the current implementation of extended producer responsibility, 
they are unable to directly finance automated central sorting. Therefore, investments are likely to come from public 
funding, which impedes the Polluter Pays Principle.  

In conclusion, automated central sorting can be a valuable technology for increasing the collection of plastic 
packaging waste. However, it does not address the root of the problem, which is that a vast amount of low quality 
and unrecyclable plastic packaging is put on the market.  
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Popular summary: 

It is widely known in the recycling industry that only a small share of the plastic packaging put on the Swedish 
market is materially recycled. Most of it is thrown in the household residual waste, and not correctly sorted for 
recycling. Since Swedish residual waste usually is incinerated in order to generate heat and electricity, the unsorted 
plastic generates large greenhouse gas emissions. Automated central sorting is a technology that can remove plastic 
packaging before waste incineration, which can reduce greenhouse gas emissions. A larger volume of sorted out 
plastics might also help increase the levels of plastic material recycling.  

This thesis investigated drivers, barriers and possible solutions for implementing automated central sorting in 
Sweden. It also investigated the potential for decreases in greenhouse gas emissions and increases in plastic 
packaging material recycling. To meet the research objectives, a literature review and semi-structured interviews 
were conducted. The results show that automated central sorting might increase the collection rate for plastic 
packaging waste, but it is unclear if greenhouse gas emissions can be reduced. It is also unclear if plastic packaging 
material recycling can be increased, as this depends on other initiatives in the waste and recycling sector. 

In conclusion, automated central sorting can be a valuable technology for increasing the collection of plastic 
packaging waste. However, it does not address the root of the problem, which is that a vast amount of low quality 
and unrecyclable plastic packaging is put on the market.  
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1. Introduction 
Year 2030 is an important year for plastic packaging recycling in the EU. By then, 100% of all plastic 
packaging placed on the EU market should be recyclable or reusable, the recycling capabilities of the 
European Union should have increased fourfold compared to 2015 (European Commission, 2019, p9) 
and 55% of the plastic packaging waste (PPW) put on the EU market should be materially recycled 
(Directive (EU) 2018/852). 

The Swedish environmental protection agency (EPA) Naturvårdsverket reported that Sweden in 2018 
materially recycled 46% of all plastic packaging put on the market (Naturvårdsverket, 2019a; Statistiska 
centralbyrån, 2019). However, an investigation by news outlet Sveriges Radio’s program Prylarnas pris 
revealed something that was already well known in the industry – that the actual material recycling rate 
for PPW is closer to 10% (Öhman, 2019).  

This discrepancy is due to two factors. Firstly, Naturvårdsverket is reporting on the collection, which is 
fundamentally different from material recycling – only around 35% of the collected PPW is estimated 
to be materially recycled (Avfall Sverige, 2020, p. 4). Secondly, they are only counting PPW that is 
reported to be put on the market, which, due to underreporting and free riding, is a far cry from the actual 
amount of PPW on the market. It is estimated that around 110,000 tons of plastic packaging, about a 
third of the total, is put on the market without being reported (SMED, 2019, pp. 52–53).  

Sweden has historically advocated source separation, and most Swedes are familiar with the almost 
6,000 packaging and newspaper containers that are distributed across the country. Yet, the sorting 
performance for many fractions is still weak – after decades of sorting information campaigns more than 
a 30% of the content of the residual waste in Sweden still consists of packaging and newspapers (Avfall 
Sverige, 2016, p. 12). The sorting performance for PPW is even worse, with an estimated two-thirds of 
the total volume put on the market being thrown with the residual Municipal Solid Waste (MSW) instead 
of into the public containers, where it is collected for material recycling (SMED, 2019, p. 112). 
Governmental initiatives are trying to the change consumer behaviour and influence citizens towards 
correctly sorting the plastics so that it can be materially recycled. One recent such action is an extension 
of property-close collection1 (PCC), which is aimed at making waste sorting easier for households by 
letting them sort the waste at their homes instead of the public waste sorting points (Regeringskansliet, 
2018). However, many municipalities are already doing this, and it is unclear which results can be 
expected from this initiative. 

As in most EU member countries, the Swedish waste ecosystem differentiates between plastic packaging 
and other plastic products, and plastic packaging is covered by Extended Producer Responsibility (EPR). 
This means that every actor that wants to put a product on the Swedish market is responsible for its 
packaging waste and is obligated to collect and recycle it. An organisation called Förpacknings- och 
tidningsinsamlingen (FTI) manages the collection of the majority of the EPR-covered waste, and 
producers are obligated to report the amount of packaging they put on the market to them. The producers 
then compensate FTI for managing their packaging waste, although it is reported that many producers 
are free-riding on this system (SMED, 2019, p. 12). The EPR is seen as an implementation of the Polluter 
Pays Principle (PPP), which is an essential aspect of the EU’s Waste Framework Directive (WFD). 

Although the EPR works well for metal and glass packaging, with reported material recycling rates of 
84% and 93%, respectively (Naturvårdsverket, 2019a, p. 4), the plastic situation is more complicated. 
The complex nature of the plastics used for packaging materials, with countless of different variations 
on the market that rarely are designed with recyclability as a priority, creates poor-performing material 
recycling processes with significant reject rates (Avfall Sverige, 2020, p. 11). This, in combination with 
the shortcomings in PPW collection, leads to that only a small share of the plastic packaging put on the 
market is actually materially recycled, and the vast majority is incinerated for energy recovery. The 
amount of PPW in the MSW has created concerns about the GHG emissions from Sweden’s extensive 

 

1 Swedish: Fastighetsnära insamling (FNI) 
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use of WTE, which currently accounts for over half the energy sector’s total emissions  
(Naturvårdsverket, 2019c, 2019d). 

A proposed way forward is automated central sorting (ACS), which can remove PPW and other 
recyclable materials from a residual waste stream before it is energy recovered. Automated Central 
Sorting is a complex process which requires a system to identify different materials in a waste stream 
and then mechanically separate them into different fractions (Cimpan et al., 2015). 

Constructed in 2014, Romerike Avfallsforedling’s (ROAF) ACS facility in Lilleström, Norway, 
employs a fully automated waste sorting system and can process over 40 tons of MSW every hour 
(ROAF, n.d.). The Swedish waste management and recycling association Avfall Sverige performed 
experiments in this plant in 2015 and 2016, by transporting Swedish residual MSW to the facility to be 
sorted. The tests were successful, concluding that ACS could positively impact both climate and energy 
systems (Avfall Sverige, 2017). Understandably, ACS is gradually gaining traction; Norway is 
expanding its capacity, and at least two ACS plants are being planned in Sweden (Deloitte, 2019; 
Folkesson and Stockholm Vatten och Avfall, 2017; Klimatklivet and Stockholm Exergi AB, 2017). 

Although a promising technology, several challenges still exist in order to implement ACS on a larger 
scale. The investment cost of an automated waste sorting plant is considerable, and it is not evident who 
will finance it. PPW management and recycling should be covered and funded by the EPR, but if PPW 
is disposed of in the MSW, the formal collection responsibility instead lies with the municipality. 
Furthermore, removing materials with high energy density, such as plastics, from the residual waste 
could lead to a shortage of fuel in the waste-to-energy (WTE) sector, which aims to operate at full 
capacity in order to maximise profits (Cimpan, 2016, p. viii). Moreover, it is unclear which entity would 
plan, organise and manage a system of ACS plants, since the waste responsibility today is shared 
between multiple actors in society, and larger plants often are shared between municipalities. 
Notwithstanding these challenges, ACS is an interesting technology and could carry much potential for 
the future of PPW collection. This study is relevant because it evaluates the possibilities and implications 
of a large-scale ACS implementation in Sweden. 

1.1 Aim and Research Questions 
This thesis aims to investigate if and how ACS could be implemented in Sweden in order to increase 
the amount of PPW material recycling and reduce the amount of WTE GHG emissions. 

The research questions of the thesis are: 

1. What are the key drivers, barriers and possible solutions for implementing automated central 
sorting in Sweden? 

2. To which extent can automated central sorting increase plastic packaging waste material 
recycling and reduce waste-to-energy greenhouse gas emissions in Sweden? 

1.2 Delimitations 
The focus of this thesis is ACS of PPW from the households’ residual MSW. Waste from the commercial 
sector, demolition and construction waste and non-packaging plastic waste will not be the focus of this 
thesis. However, as the definitions of MSW vary slightly between sources, it is difficult making an exact 
delimitation. 

The GHG reductions targeted in research question 2 only concern decreases directly associated with 
waste combustion, meaning that GHG emissions related to increased material recycling, processing, 
transport and other steps of the PPW lifecycle are excluded. 
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2. Background 
This chapter aims to provide a theoretical foundation for the thesis and is based on a literature review. 
The chapter starts with a brief description of plastic as a material, continued by a review of EU waste 
management regulation. This is followed by a description of relevant aspects of the Swedish waste 
management system, and a quantitative estimation of PPW flows in Sweden. Finally, a summary of ACS 
is given, focusing on its technology, current and planned examples, and potential impacts for PPW 
collection. 

2.1 Plastic: A Complex Material 
“Plastic is a fantastic material!” is a phrase often read when conducting plastic research. Appreciated 
for its low price and versatility, plastic is a cornerstone material in the modern mass-production 
economy, and a world without it is indeed difficult to imagine. At the same time, plastic is a complex 
material, and although plastic production has been developed to a point where it is relatively cheap and 
straightforward, the same cannot be said about plastic recycling. This section will give a brief review of 
plastic as a material, specifically in the light of PPW recycling. 

There exist many types of plastic, and the vast majority of them are synthetic materials made from fossil 
oil. Plastics are made by breaking down the long hydrocarbons of crude oil into shorter molecules, called 
monomers. The method is called cracking and is used for the production of many other crude oil 
derivatives, such as gasoline, diesel and kerosene (Alfke et al., 2007). The monomer molecules are 
rearranged into longer chains, called polymers, which is the base for every plastic material. The 
polymers are then usually mixed with different additives to give specific properties to the plastic 
material, such as colouring, texture, flameproofing or permeability (Geyer et al., 2017; SOU 2018:84, 
2018). The resulting material versatility, in combination with the low production price, makes plastic a 
very attractive material for producers. However, since the production cost correlates with the global oil 
price, the price of virgin plastic can sometimes be volatile (Punkkinen et al., 2018, p. 24). 

Two main types of plastic exist: thermoplastics and thermosetting plastics. The latter is harder to 
materially recycle since it is irreversibly hardened after first curing, and is therefore unable to be 
moulded several times. However, 90-95% of the plastic packaging on the market is made from 
thermoplastics and can be remoulded multiple times, and over 70% is made from the five most common 
plastic packaging polymers, see Table 1, which are all thermoplastics (SOU 2018:84, 2018). 
Table 1. Five common plastic types, their demand and their use. Demand concerning EU28 + Norway and 
Switzerland. Examples of use quoted directly from the source (Plastics Europe, 2019, p. 22). 

Plastic-type Percent of demand Example of use 

polyethylene (PE) (incl. 
HDPE, LDPE, MDPE) 29.7% 

“Reusable bags, trays and containers, 
agricultural film, food packaging film, toys, milk 
bottles, shampoo bottles, pipes, houseware.” 

polypropylene (PP) 19.3% 

“Food packaging, sweet and snack wrappers, 
hinged caps, microwave containers, pipes, 
automotive parts, banknotes.” 

polyvinyl chloride (PVC) 10% 

“Window frames, profiles, floor and wall 
coverings, pipes, cable insulation, garden hoses, 
inflatable pools.” 
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polyethylene terephthalate 
(PET) 7.7% “Bottles for water, soft drinks, juices, cleaners.” 

polystyrene (PS) (incl. EPS) 6.4% 

“Food packaging (dairy, fishery), building 
insulation, electrical & electronic equipment, 
inner liner for fridges, eyeglasses frames.” 

The first well-known version of synthetic plastic was a material called Bakelite, which was invented in 
the early 1900s, but real consumer-driven mass production of plastics did not start until the 1950s (Geyer 
et al., 2017). In 2018 alone, about 359 million tons of plastics were produced, with around 62 million 
tons produced in Europe. The largest producer, of approximately 30% or 108 million tons, was China 
(Plastics Europe, 2019).  

Since none of the commonly used plastics are biodegradable and not easily broken down over time, 
plastic littering is becoming an increasingly alarming problem. The oceans are particularly exposed, 
containing an estimated 150 million tons of plastic waste (McKinsey Center for Business and 
Environment, 2015).  

Packaging is the single largest use of plastics, helping to ensure food security, reduce food waste and 
protect many of the products we consume in the modern economy, and packaging constituted around 
40% of the EU’s plastic production demand in 2018 (European Commission, 2019, p. 5; Plastics Europe, 
2019, p. 20). The short lifecycle of plastic packaging, often less than one year, has created a growing 
problem with PPW, resulting in that the share of PPW of total plastic waste in the EU is close to 60% 
(European Commission, 2019, p. 6). The share of PPW in MSW has globally risen from around 1% in 
the 1960s to over 10% in 2005 (Geyer et al., 2017, p. 2) and up to 15% in Sweden in 2016 (Avfall 
Sverige, 2016, p. 11).  

2.2 European Union Plastic Packaging Waste Regulation 
As a member of the EU, Sweden is obligated to implement the EU directives on waste. In this section, 
the EU’s regulation around PPW will be described. 

2.2.1 Waste Framework Directive 
The Waste Framework Directive (WFD) 2008/98/EC is the EU’s main legislative framework for waste 
management, and its primary purpose is to make members states reduce the negative consequences of 
their waste and create a better capacity for future waste management by taking precautionary measures. 
The end goal is to protect the environment and human health, to reduce resource consumption and to 
help direct society towards a more circular economy (European Parliament and Council of the European 
Union, 2008). Article 3 of the WFD defines vital concepts such as waste, waste management, recycling 
and recovery.  
Table 2. Definitions from Article 3 of the WFD, quoted directly from the source (European Parliament and Council 
of the European Union, 2008). 

Term Definition 

Waste “Any substance or object which the holder 
discards or intends or is required to discard.” 

Waste management “The collection, transport, recovery and disposal 
of waste, including the supervision of such 
operations and the after-care of disposal sites, 
and including actions taken as a dealer or 
broker.” 
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Recycling “Any recovery operation by which waste 
materials are reprocessed into products, 
materials or substances whether for the original 
or other purposes (...).” 

Recovery “Any operation the principal result of which is 
waste serving a useful purpose by replacing other 
materials which would otherwise have been used 
to fulfil a particular function, or waste being 
prepared to fulfil that function, in the plant or in 
the wider economy.” 
 

Disposal “Any operation which is not recovery even where 
the operation has as a secondary consequence 
the reclamation of substances or energy.” 

Producer “Any natural or legal person who professionally 
develops, manufactures, processes, treats, sells 
or imports products.” 

Article 4 introduces the waste hierarchy, which is the EU’s priority guide for waste management. 
Through it, member states are encouraged to take action as high up in the hierarchy as possible in order 
to minimise the waste of resources, meaning that preventing waste should be the top priority. Article 15 
presents the PPP, which states that all costs for waste management should be paid for by the waste holder 
or waste producer. Member states are encouraged to use an EPR system, and the article gives guidance 
on how to implement this. Furthermore, the directive obliges member states to create and follow waste 
management and prevention plans, and to report accurate statistics back to the EU (European Parliament 
and Council of the European Union, 2008). 

 
Figure 1. The waste hierarchy (European Parliament and Council of the European Union, 2008). 

The most recent revision of the WFD sets a 50% re-use or recycling target for MSW by 2020, 55% by 
2025, 60% by 2030 and 65% by 2035 (European Parliament and Council of the European Union, 2018). 
In a report from 2018, it was concluded that 14 European countries risked missing this target. Sweden, 
however, was not one of them (European Commission, 2018). It also promotes implementing modulated 
financial contributions by producers in order to create incentives for increasing the recyclability of 
products (Article 8a 4(b)), see more in section 2.3.3 Modulated Packaging Fees. 

2.2.2 Directive on Packaging and Packaging Waste 
Plastic packaging is addressed indirectly through the EPR in the WFD, but more deeply so in the 
Directive on Packaging and Packaging Waste (94/62/EC) (DPPW). The DPPW dictates material 
recycling targets for PPW, which with its current revision (2018/852) stands at 50% by 2025 and 55% 
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by 2030. It furthermore “requires the Member States to set up return, collection and recovery systems” 
for packaging waste in Article 7 (European Parliament and Council of the European Union, 1994).  

2.2.3 Landfilling and Waste-to-Energy 
Landfilling is mainly regulated in Council Directive 1999/31/EC, which sets standards for which waste 
categories are allowed to be landfilled, and which pre-treatment is needed. For instance, it states that 
biological waste needs to meet specific quality criteria if it is to be landfilled (Council of the European 
Union, 1999). Waste-to-energy and waste incineration is regulated in Directive 2000/76/EC, which sets 
standards for technical requirements for WTE plants, air pollution levels and permit procedures 
(European Parliament and Council of the European Union, 2000). Neither 1999/31/EC nor 2000/76/EC 
give any specific guidance on PPW.  

2.2.4 EU Action Plan for a Circular Economy 
The first version of the EU Action Plan for a Circular Economy was presented by the EU Commission 
in 2015 and consisted of two parts – an action plan with measures for the commission’s work and a 
proposal of a revision of six directives called the Waste Package. The action plan contained initiatives 
to improve the environmental aspects of products’ lifecycles – from design and consumption to waste 
management, recycling and secondary material markets. The Waste Package, which was adopted in May 
2018, amended, among other things, the WFD (2008/98/EC), the DPPW (94/62/EC) and the landfilling 
directive (1999/31/EC). The revision led to new targets for recycling of PPW (50% by 2025 and 55% 
by 2030), new minimum requirements for EPR and further restrictions on landfilling. 

A revised second version was enacted in March 2020, introducing initiatives for making reusing, 
repairing and recycling easier for all products put on the EU market. Furthermore, the directive states 
that plastic products should be manufactured by recyclable materials to as large extent as possible. It 
even proposes mandatory requirements for recycled contents in plastic products. Efforts should be made 
to make all packaging recyclable by 2030, to reduce overpackaging, to promote design for re-use and 
recyclability, reduce the complexity of packaging materials (e.g. reducing the number of types of plastic 
used for packaging) and establish new rules for the highly regulated food packaging. It also sets an 
intention to review the DPPW (94/62/EC) (European Commission, 2020; SOU 2018:84, 2018). 

2.2.5 European Strategy for Plastic in a Circular Economy 
Another essential document is the European Strategy for Plastic in a Circular Economy. Released in 
2018, it sets an important target for 2030: by then, 100% of PPW should be recyclable or reusable. 
Furthermore, it states that the sorting and recycling capabilities of the Union should be increased 
fourfold compared to 2015, and the demand for recycled plastic should have increased equally. 
Suggestions for increasing the demand include developing quality standards for recycled plastics and 
integrating recycled materials in Green Public Procurement (GPP) criteria. GPP is an EU initiative to 
use the purchasing power of the EU’s public authorities to stimulate sustainable and environmentally 
friendly innovation. Moreover, the strategy is asking for closer cooperation across the plastic value 
chain, including initiatives for more recycling-friendly product design and states that biodegradable 
plastic is not the answer to the plastic recycling problem. The strategy sets a goal for the EU of using 10 
million tons of recycled plastic in new products by 2025 (European Commission, 2019).  

2.2.6 EU Emission Trading System 
First introduced in 2005, the EU Emission Trading System (ETS) was the world’s first international 
cap-and-trade system for GHG emissions and is governed in the Emissions Trading Directive 
(2003/87/EC). The scheme works by setting a cap of a total volume of GHG emissions, and then 
allowing trading of emission allowances and reducing the number of allowances over time. The targeted 
GHGs are CO2, N2O and PFCs, and a number of sectors are covered, including power and heat 
generation (European Commission, 2015). Sweden is one of a few EU countries that has included WTE 
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emissions in their national ETS system, which is regulated in Ordinance (2004:1205) on Emission 
Trading2 (§6). 

2.3 Swedish Plastic Packaging Waste Management 
Swedish waste regulation has its base in the Environmental Code (1998:08)3, supported by a number of 
ordinances, most importantly the Waste Ordinance (2011:927)4. The definition of waste in of the 
Environmental Code is similar to the EU definition. 

Waste is every substance or object that its owner disposes of, intends to dispose of 
or is obligated to dispose of (Environmental Code chapter 15, 1 §). 

The owner of the waste is obligated to manage it according to the rules of the second chapter of the 
environmental code, known as the General Rules of Consideration5, which apply to both private 
individuals and businesses.  

2.3.1 Municipal Responsibilities 
Sweden’s 290 municipalities are responsible for the collection and management of all household waste, 
except the fractions that are covered by the EPR. Municipalities are not, however, responsible for 
commercial waste generated by businesses. They have to make their own agreements with waste 
management providers (Avfall Sverige, 2019a). 

Municipalities are also responsible for waste planning and supervision. The cost of this is covered by 
the waste fee6, which is mandatory for all citizens. In 2018, this fee amounted to 2,133 SEK per 
household per year on average (Avfall Sverige, 2019a). The citizens paying the waste fee are sometimes 
referred to as the waste collective or fee collective7. 

In most municipalities the fee is determined by the volume of the household’s residual waste bin, but 
some municipalities differentiate the waste fee by weight (Fråne and Stahe, 2014). In accordance with 
the Municipal Law8 chapter 8, 3§c, the waste fee revenue can never be larger than the municipal costs 
for waste management. The collection of the household waste can be performed by private or public 
companies – some municipalities have private sector sub-contractors that collect the waste, and others 
prefer to handle the collection themselves (Avfall Sverige, 2019a).  

2.3.2 Extended Producer Responsibility 
PPW, along with other types of products and packaging, is covered by EPR, which is a legislative way 
of shifting the responsibility for end-of-life management of products from taxpayers, municipalities and 
waste management authorities, to the producers. The Swedish academics Thomas Lindhqvist and Karl 
Lidgren introduced the EPR-concept in their 1990 report Models for Extended Producer Responsibility 
(Lindhqvist and Lidgren, 1990). In a later report, they define EPR as follows. 

 
2 Swedish: Förordning (2004:1205) om handel med utsläppsrätter 
3 Swedish: Miljöbalk (1998:08) 
4 Swedish: Avfallsförordning (2011:927) 
5 Swedish: Hänsynsreglerna 
6 Swedish: Avfallstaxa 
7 Swedish: Avfallskollektiv or taxekollektiv 
8 Swedish: Kommunallagen 
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Extended Producer Responsibility is an environmental protection strategy to reach 
an environmental objective of a decreased total environmental impact from a 
product, by making the manufacturer of the product responsible for the entire life-
cycle of the product and especially for the take-back, recycling and final disposal of 
the product. The Extended Producer Responsibility is implemented through 
administrative, economic and informative instruments. The composition of these 
instruments determines the precise form of the Extended Producer Responsibility 
(Lindhqvist and Lidgren, 1992). 

The Swedish EPR initially only covered glass and cardboard but was gradually expanded to include a 
number of fractions, including cardboard, newspapers9, packaging, batteries, cars, tires, pharmaceuticals 
and electronics. For the EPR-covered products, it is the producer who is responsible for making sure the 
waste is collected and recycled. 

Who a packaging producer is, is stated in Ordinance (2018:1462) on EPR10 for Packaging, and is defined 
as someone who in a professional capacity: 

1. fills or in other ways uses packaging that is not a service, with the intent to protect, present 
or facilitate the handling of a good, 

2. imports a packaged good to Sweden, 
3. manufactures packaging in Sweden, or 
4. imports packaging to Sweden (Ordinance (2018:1462) on EPR for Packaging, 8 §). 

The idea behind EPR is that since producers are forced to internalise their products’ end-of-life costs, 
they will have a larger incentive to design products that are easy to recycle. This could mean creating 
less resource-intense products, reducing over-packaging or using recycled materials in their products. 
Making the private sector producers financially responsible for the collection and recycling of their own 
products, and thus giving them an incentive to keep the processes as efficient as possible, can be seen 
as an application of the PPP (Dalhammar, 2018). 

2.3.3 Packaging Fees 
In order to finance the EPR, producers charge a packaging fee for every sold product, which is added to 
the end price. The fee system is managed by FTI, which since April 2019 uses modulated packaging 
fees for plastic packaging. The fee structure is divided into two tiers, depending on how easy the 
packaging is to sort, recycle and sell as a secondary material, with the higher level costing around 50% 
more than the lower (FTI, 2020). In order to be granted the lower packaging fee, the packaging should, 
among other things:  

1. be made out of one of FTI’s recommended polymers: PE, PP or PET. 
2. not be black. 
3. not use a laminate. 
4. not use prints covering more than 60% of the packaging’s exterior (FTI, 2019). 

2.3.4 Property-Close Collection 
The EPR-covered waste collection is organised through the organisation FTI, which represents the 
producers and provides a network of 5,800 bring recycling points for packaging throughout Sweden 
(Avfall Sverige, 2019a). In addition to this, 59 of Sweden’s 290 municipalities offer a service known as 

 
9 In April 2020, the Swedish government declared that the difficult economic situation in the newspaper industry 
led them to investigate a repeal of the EPR for newspapers, and instead give the responsibility back to the 
municipalities (Regeringskansliet, 2020).  
10 Swedish: Förordning (2018:1462) om producentansvar för förpackningar. 
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PCC11, which collects multiple source-separated waste fractions directly from the households’ 
properties, meaning that they do not need to use FTI’s public bring-system. A few variants of PCC exist, 
and the type offered depends on the type of property. For single household properties such as villas, the 
most common type of PCC is multi-compartment bins, usually two units of four-compartment bins for 
a total of 8 fractions (Avfall Sverige, 2019b). For apartment houses, the most common type of PCC are 
so-called recycling houses12, which is a waste room with larger containers that are shared among the 
residents in the apartment building and located in a communal space such as the backyard. A less 
occurring type of PCC that is used in both single-household homes and apartment buildings is the multi-
coloured bag system, sometimes known by its brand name OptiBag. In this system, the households 
source separate their waste into differently coloured bags, where each colour represents one waste 
fraction. The bags are then optically sorted by bag colour centrally. 

PCC is managed by the municipalities and public or private sub-contractors, but since the responsibility 
for the collection of EPR-covered waste fractions lies with the producers, the municipalities are 
remunerated by the producers for offering this service. However, there has been criticism that the 
producers are not fully reimbursing the municipalities for all the costs related to this service, meaning 
that the municipalities are sometimes using the waste fee to finance parts of the PCC costs. This means 
that the citizens are paying twice for the collection of the same packaging waste – once through the 
packaging fee which is added to the products they consume, and once again through the waste fee paid 
to the municipality (Regeringskansliet, 2018, p. 8). 

One report from Avfall Sverige states that municipalities with PCC implemented collected on average 
15% more packaging waste and newspapers than municipalities that do not have PCC implemented and 
solely use FTI’s public bring-system (Avfall Sverige, 2019b). However, these numbers only concern 
one- and two-family properties, and this result likely cannot be generalised to apartment houses. It is 
difficult to get an overall picture of the current PCC implementation and its collection results, and the 
statistics on PCC are surprisingly sparse. 

A new ordinance regarding an extension of PCC was adopted by the Swedish government in 2019 and 
is estimated to enter into force in 2021, which aims for a complete implementation of the collection 
system, and consequently, a phase-out of the public bring collection points. The ordinance states that by 
January 2021, 60% of households in Sweden should have the possibility for PCC, and by 2025 every 
home should be offered this service. The new ordinance also states that municipalities are no longer 
allowed to finance the cost for PCC through the municipal waste fee, meaning that the producers need 
to take the full financial responsibility for this collection (Regeringskansliet, 2018).  

In order to organise the extension of PCC, the Swedish government tasked Naturvårdsverket with 
overseeing the implementation and creating a permit system for the collection of the EPR-covered waste. 
The permits are handled within a program called Licensed Collection Systems13 (LCS), in which 
Producer Responsibility Organisations (PRO) such as FTI, and their lesser-known competitor TMR, 
need to apply for a collection license. The requirements set for LCS by Naturvårdsverket include, among 
other things, that the LCS needs to include all EPR packaging materials, that it is simple to use and free 
of charge for the end-user, and that the packaging is source-separated from other waste before collection. 
Post-collection ACS is specifically disallowed as a sortation method within the LCS (Naturvårdsverket, 
2019b, p. 10). However, the two applications that were received, from FTI and TMR, were both declined 
in May 2020, with Naturvårdsverket stating that they did not meet the requirements either individually 
or together (Naturvårdsverket, 2020). The declination will likely delay the PCC implementation and 
possibly require a review of the conditions set by Naturvårdsverket and the government. 

  

 
11 Swedish: Fastighetsnära insamling (FNI). 
12 Swedish: Miljöhus or miljöbod. 
13 Swedish: Tillståndspliktiga insamlingssystem (TIS). 
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2.3.5 Sorting of Mixed Plastic 
The EPR requires producers to materially recycle the collected PPW, but first it needs to be sorted. The 
collected PPW is therefore transported by FTI from the PCC and bring collection sites to 40 different 
reloading stations across Sweden, where it is compressed and baled into cubes. The cubes, containing a 
mix of many different plastic types, are then delivered to a large sorting plant in Motala, which is 
operated by the recycling company Svensk Plaståtervinning. Svensk Plaståtervinning is one of five so-
called material companies14 in Sweden, which are responsible for the recycling part of the EPR, and 
collectively own FTI. The Motala plant is fully automated and is the largest of its kind in Europe, with 
a sorting capacity of 120,000 tons of mixed plastic per year (IVL, 2019, p. 13). A combination of 
magnets, rotating drums, wind shifting, optical sensors and air ballistics are used to sort the mixed plastic 
fraction into four different new polymer fractions; LDPE, HDPE, PP and PET, which are then baled and 
sold to material recycling companies (IVL, 2019, p. 60). The sortation process generates a reject of 
around 45% of the input mixed plastic (Avfall Sverige, 2020, p. 11), the reject mainly consisting of non-
recyclable packaging, wrongly sorted non-PPW plastic, evaporating moist and a small share non-plastic 
such as metal. The main reasons for plastic packaging being non-recyclable are that they are unsortable, 
such as black packaging which the optical sensors cannot read, or that they cannot be sold profitably on 
the market for recycled materials (IVL, 2019, p. 13).  

2.3.6 Wash and Granulation 
The next recycling step is to create a final secondary raw material, which is done by washing and 
granulating the polymer fractions. First, the plastic is ground into flakes, washed and then dried. In order 
to homogenise the material, it is often granulated, i.e. ground again, melted, extruded and then shredded 
into granulate. The granulate is subsequently sold as secondary raw material. This step primarily takes 
place outside Sweden, but an extension for the Motala sorting plant has been proposed, which would 
then enable Svensk Plaståtervinning to wash and granulate themselves. This investment is estimated to 
cost 250 MSEK (IVL, 2019, p. 13; SOU 2018:84, 2018, p. 210). The exact levels of reject from the 
wash and granulation process are difficult to determine due to business confidentiality agreements 
(SMED, 2019, p. 75), but they have been estimated to around 25-35% (Avfall Sverige, 2020, p. 11). 

The purity of the secondary raw material determines its use, and for some products, such as flowerpots 
and noise protection fences, the purity requirements are low. For others, such as food packaging, 
requirements are very high, and regulations are hard, which is why food packaging rarely uses recycled 
plastics. Common impurities for secondary plastics include miscolouring, hazardous contents and bad 
smell (SOU 2018:84, 2018).  

2.3.7 Secondary Plastics Market 
The performance of the international market for secondary plastics is poor, with it being plagued by low 
demand, low commodity prices, unstable material qualities, small volumes and trouble competing with 
the low prices of virgin plastic. Currently, only 6% of the total plastics demand in Europe is for recycled 
plastics (European Commission, 2019, p. 6; SOU 2018:84, 2018, p. 195).  

At the beginning of 2018, China imposed new import restrictions on plastic waste, demanding purity 
levels of 99.5%, which effectively stopped all European plastics exports to China (SOU 2018:84, 2018, 
p. 342). The Chinese market accounted for more than half of Europe’s plastic exports, 2.4 million tons 
in 2016, and although new markets such as Malaysia and Vietnam were quickly established, the sudden 
drop in demand damaged an already fragile market (SOU 2018:84, 2018, p. 339). However, it has been 
argued that the Chinese import restrictions could cause Europe to take more responsibility for its waste, 
and the construction of the sorting plant in Motala is, in part, a result of this development (SOU 2018:84, 
2018, p. 343). 

In order to increase the demand for secondary plastics, actions are being taken on both national and 
European level. In the Plastic Strategy, the EU proposes a quality standards system for recycled plastics, 

 
14 Swedish: Materialbolag 
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guaranteeing producers a certain quality on their purchased secondary material (European Commission, 
2019, p. 11). In Sweden, a similar project has been undertaken by the Swedish Institute of Standards 
(SIS) (SOU 2018:84, 2018, p. 111). 

2.3.8 Landfilling and Energy Recovery 
Since the mid-90s, landfilling in Sweden has decreased to the point where it is almost completely phased 
out, and energy recovery from WTE programs has increased at a corresponding rate. In 2018, around 
12 TWh of district heating energy from waste incineration, approximately 20% of the national total, was 
produced from WTE (Energiföretagen Sverige, 2019). One crucial factor for this change is the 2001 
Ordnance (2001:512) on Landfilling of Waste15, which bans landfilling of organic (§10) and 
combustible waste (§9). Consequently, Swedish residual MSW is almost exclusively energy recovered 
and converted to district heating and, to a lesser extent, electricity in one of Sweden’s 35 WTE plants. 
The vast majority of them, over 90%, are municipally owned (Avfall Sverige, 2019a, p. 35). The 
capacity of the WTE sector is even larger than the supply of waste, leading to a considerable amount of 
imported waste being used as fuel. In 2018, this amounted to around 1.5 million tons of imported waste, 
or roughly 25% of the total waste incinerated (Avfall Sverige, 2019a). 

The high energy content from the large share of fossil plastic in the residual MSW is, on the one hand, 
making it an attractive fuel from an energy perspective (SOU 2018:84, 2018, p. 83) but is also creating 
sizeable GHG emission from the WTE sector. In 2018 WTE emitted around 2.6 million tons of CO2-
equivalents, which is more than 50% of the energy sector’s total GHG emission and approximately 5% 
of Sweden’s total GHG emissions (Naturvårdsverket, 2019c, 2019d). 

The WTE sector is increasingly being requested to reduce its GHG emissions in order to reach municipal 
and governmental GHG neutrality goals. In 2017, the Swedish Parliament adopted the Climate Law 
(2017:720)16, which states that the government has an obligation to pursue a climate policy based on the 
Emission Targets adopted by the Parliament (§3). The Emission Targets state that by 2045 Sweden 
should be a GHG neutral nation, and reducing the fossil contents of the WTE fuel is targeted as a 
prioritised action for reaching the goal (SOU 2018:84, 2018, p. 244). Furthermore, many municipalities 
have adopted even more ambitious local goals, some aiming to reach GHG neutrality by 2025. However, 
not all municipalities are including WTE emissions in their GHG neutrality goals (SOU 2018:84, 2018, 
p. 243).  

Additionally, another recent measure to decrease the amount of waste used for energy recovery, is a new 
incineration tax levied on WTE since April 2020. The tax starts out at 75 SEK per ton of incinerated 
waste and will increase to 125 SEK per ton by 2022. The tax is purely weight-based and is not modulated 
by any share of fossil contents in the fuel (Riksdagsförvaltningen, 2019). 

2.3.9 Fossil Free Sweden 
Fossil Free Sweden17 is a governmental initiative to create collaboration between public and private 
actors in order to reach the goal of becoming a net GHG-neutral nation by 2045 (SOU 2018:84, 2018, 
p. 109). The initiative asks actors from different industry sectors to go together and collectively submit 
road maps detailing how they aim to become fossil-free without losing their competitiveness. The 
project currently gathers 450 actors from 13 industries, including food retailers, electricity companies 
and the heating sector.  

A notable goal stems from the Swedish Food Retailers Organisation18, who want 100% of plastic 
packaging put on the Swedish market to be materially recyclable by 2022, eight years ahead of the EU 
target (Fossilfritt Sverige, 2019). 

 
15 Swedish: Förordning (2001:512) om deponering av avfall 
16 Swedish: Klimatlag (2017:720) 
17 Swedish: Fossilfritt Sverige 
18 Swedish: Svensk dagligvaruhandel 
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In the roadmap for the heating industries, mainly consisting of Sweden’s district heat providing energy 
companies, a goal to have a fossil-free heating sector by 2030 is put forward. However, fossil emissions 
from WTE are not included in this target (Fossilfritt Sverige, 2018, p. 5), and the road map points out 
that the sector has little influence over fuel contents. Instead, a number of initiatives are proposed to 
reduce the fossil contents of the WTE fuel together with other actors earlier in the value chain (Fossilfritt 
Sverige, 2018, p. 6). 

2.3.10 PPW Recycling Flows in Sweden 
In this section, Key Performance Indicators (KPIs) for yields and rejects of the different stages of PPW 
recycling are described. Estimations for PPW flows are complicated, and widely varying results are 
found depending on which institution did the research, when the study was performed, and which 
definitions were used. In this thesis, the main report for PPW estimation is the revised version of SMED 
2019:01 (SMED, 2019). SMED is a research consortium which manages and develops national emission 
databases, and this report was written at the request of Naturvårdsverket. For the reject levels of sorting 
and wash and granulation, Avfall Sverige’s report 2020:03 is used (Avfall Sverige, 2020).  

All data in this section are approximate as there are uncertainties in the calculation methods, and data 
from different years is used in some cases. The uncertainties in the data are described in detail at the end 
of this section. 
Stage 1: PPW put on the market 

The amount of PPW put on the market in Sweden is estimated to be between 215,600 tons and 325,000 
tons, refundable PET bottles excluded. The smaller figure is based on data from Naturvårdsverket (2018) 
on how much plastic packaging is reportedly put on the market. The larger figure is based on data from 
FTI together with a large number of waste composition studies performed by Avfall Sverige. It is 
considered more reliable by SMED (2019, pp. 111–112), and will therefore be used in this report. It was 
revised down from 367,000 tons in an earlier version of SMED 2019:01.  
Stage 2: Collection 

The amount of PPW collected through PCC and the public bring-system is simpler to calculate, as all 
the collected material is weighed at the baling stations described in section 2.3.5 Sorting of Mixed 
Plastic. In 2017, this amount was 95,500 tons (SMED, 2019, p. 111), although this figure also includes 
wrongly sorted non-PPW materials. The vast majority of PPW was disposed of outside the collection 
system. Waste composition studies estimate the PPW disposal into the MSW to 207,000 tons, and into 
the bulky waste at recycling centres to 22,000 tons. (SMED, 2019, pp. 111–112).  
Stage 3: Sorting 

The sorting stage in Motala generates around 45% reject  (Avfall Sverige, 2020, p. 11), see further 
section 2.3.5 Sorting of Mixed Plastic. This means that slightly more than half of the collected PPW,  
52,525 tons, is sold for further processing. 
Stage 4: Washing and granulation 

It is difficult to approximate the rejects for washing and granulation due to business confidentiality 
agreements, especially since this stage mainly takes place at facilities outside Sweden (SMED, 2019, p. 
75). However, Svensk Plaståtervinning, cited in a report from Avfall Sverige, estimated the rejects to 
around 25-35% (Avfall Sverige, 2020, p. 11). In this section the figure 30% is used, meaning that 15,758 
tons are rejected, and 36,768 tons are washed and granulated. 
Summary 

The reviewed data suggest that the combined effects of low collection rates and large rejects in the 
material recycling processes result in that only around 11% of the plastic packaging put on the market 
in Sweden in materially recycled. The data is summarised in Table 3 and visualised in Figure 2. 
A note on data quality 

There are large uncertainties in this calculation method. For example, the figure 325,000 tons is 
constructed by SMED (2019) by adding the estimated amounts of PPW in the bulky waste and MSW, 
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to the known amount of PPW collected through FTI. However, as the PPW estimations are rough, and 
FTI’s PPW collection includes wrongly sorted non-PPW materials, the calculations are far from exact. 
For a more thorough review on this, see SMED (2019, pp. 111–112). Furthermore, the reject rates for 
Sorting and Washing and granulation are estimations by Svensk Plaståtervinning in Avfall Sverige 
2020:03 (2020, p. 11). Therefore, the author cautions the reader to be careful in making any conclusion 
based on this data, and rather see it as an approximate depiction of the different stages of PPW recycling. 
Table 3. Summary of PPW flows in Sweden. Data is approximate as there are uncertainties in the calculation 
methods (Avfall Sverige, 2020, p. 11; SMED, 2019, pp. 111–113). 

Stage PPW (tons) Reject (%) Share of Total (%)     

Stage 1 – PPW put on the market 
   

PPW put on market 325,000 
 

100%     

Stage 2 – Collection 
 

71% 
 

PPW collected 95,500 
 

29% 
PPW in residual MSW 207,000 

 
64% 

PPW in bulky waste 22,000 
 

7%     

Stage 3 – Sorting 
 

45% 
 

PPW sorted into polymer fractions 52,525 
 

16% 
Reject 42,975 

 
13%     

Stage 4 – Washing and granulation 
 

30% 
 

Washed and granulated 36,768 
 

11% 
Reject 15,758 

 
5% 
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Figure 2. Model of PPW flows in Sweden. Green indicates the path towards material recycling, and red indicates 
energy recovery. Data is approximate as there are uncertainties in the calculation methods (Avfall Sverige, 2020, 
p. 11; SMED, 2019, pp. 111–113). 

2.4 Automated Central Sorting of Plastic Packaging Waste 
Automated Central Sorting of MSW has been proposed as one way forward to increase the amount of 
collection – and by extension recycling – of PPW. For example, Fråne et al. (2014) proposed further 
development of centralised sorting as a possibility in a report for the Nordic Council of Ministers in 
2014 (Fråne et al., 2014, p. 113) and the EU Plastics Strategy recognises the need for “innovative 
solutions for advanced sorting” (European Commission, 2019, p. 15). Currently, two ACS plants are 
being planned in the greater Stockholm region and in Norway two plants are already operational. The 
following sections will give a brief description of relevant ACS technology, examples of current and 
planned ACS projects, and potential impacts for PPW collection. 

2.4.1 ACS Technology 
ACS aims to separate a single waste stream into different material fractions automatically, and a plethora 
of different technologies and techniques are used to accomplish this. For example, a hydrocyclone uses 
centrifugal force to separate materials of different density, a magnetic overhead belt segregates ferrous 
metals, and a disc screen sorter divides material based on size and weight. Gundupalli et al. (2017) 
provide a detailed overview of the most commonly used ACS techniques.  

A modern technology for identifying and sorting out PPW is so-called near-infrared spectral imaging 
(often called NIR or NIR-sorting), which uses a device to emit near-infrared light on the material and 
then analyses the light as it strikes a sensor. The wavelength is unique for every substance, creating a 
fingerprint which is then used to classify it. The technology is proficient at differentiating between 
different plastic polymers, as they mostly have sufficiently distinct fingerprints. After identification, the 
materials are separated into different fractions, often by using ballistic air pressure, meaning that a 
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nozzle shoots a short burst of air which tosses the content into different fraction containers (Cimpan et 
al., 2015; Gundupalli et al., 2017). This process is visualised in Figure 3. 

 
Figure 3. The waste is loaded onto a conveyor belt where a sensor identifies the different materials using NIR-
technology. The materials are then separated into different fractions using air ballistics (TOMRA, 2020). 

2.4.2 Existing and Planned ACS Plants 
There currently exist at least two operational ACS facilities that are capable of separating PPW from 
MSW, both of them located in Norway, and more are being planned both in Norway and Sweden. 

The ROAF ACS plant in Lilleström, Norway, has been operating since 2014 and is one of Europe’s 
most modern sorting plants. It has a capacity of around 40 tons per hour, and in 2017 it handled 37,848 
tons of MSW, serving approximately 200,000 inhabitants in 90,000 households (ROAF, n.d.). In 2017, 
2,237 ton of plastics were sorted out, which amounts to around 6% of the total input waste (Fossum, 
2018, p. 10). The plant cost 234 MNOK to construct (Fossum, 2018, p. 7). 

In 2016, 40 tons of MSW from two Swedish cities, Örebro and Gothenburg, was transported to the 
ROAF plant. The waste was collected from apartment houses. In total, 2,370 kg of plastic was extracted 
from the input waste, around 6% of the total input waste. The purity rates of the sorted out plastics, 
meaning the absence of unwanted material in a fraction, were over 90% (Avfall Sverige, 2017, p. 8). 

Opening in 2019, IVAR is a new Norwegian ACS plant, and operational information is scarce. However, 
documents indicate that the plant is dimensioned for sorting around 66,000 tons of MSW per year, with 
a theoretical plastics extraction of ca 7,500 tons per year, and a GHG reduction of 30,000 CO2-
equivalents per year (Meissner and IVAR, 2019). The plant cost 650 MNOK to construct (IVAR, 2019). 

In Sweden, the planned Högdalen ACS plant in southern Stockholm is projected to cost around 890 
MSEK and will initially sort about 150,000 tons of MSW per year, excluding separately collected bio-
waste. It is planned to run at a PPW sorting rate of 70% and sort out around 13,400 tons of PPW per 
year (Folkesson and Stockholm Vatten och Avfall, 2017, p. 4). It will be constructed and operated by 
the municipal waste and water company Stockholm Vatten och Avfall. According to their LCA, the 
reduction of GHG emissions resulting from the new plant will be around 44,000 tons CO2-equivalents 
per year, of which half is caused by the decrease in PPW incineration (Björnberg, 2019). The extracted 
PPW will be sold to FTI and Svensk Plaståtervinning at an estimated revenue of 10MSEK per year 
(Folkesson and Stockholm Vatten och Avfall, 2017, p. 9). 

Another planned Swedish ACS plant, Brista, will be constructed by the energy company Stockholm 
Exergi and operated by SÖRAB, a regional waste company co-owned by nine municipalities north of 
Stockholm. Stockholm Exergi is currently operating a WTE plant in Brista. The plant is projected to 
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process around 120,000 tons of MSW per year, excluding separately collected bio-waste. The plant is 
estimated to reduce climate impact with about 42,000 tons of CO2-equivalents per year (Klimatklivet 
and Stockholm Exergi AB, 2017). 

2.4.3 Potential Impact of ACS on PPW Purity and Collection Volumes 
A study performed by Deloitte, using data from Grøn Punkt Norge, compared PPW collection between 
different Norwegian municipalities based on which collection system was used. The study concluded 
that the PPW collection per capita for districts using ACS was more than twice the national average: 
17.74 kg per capita vs 6.77 kg per capita, and that ACS has a positive impact on PPW collection 
(Deloitte, 2019, p. 14). Although ROAF's yearly report for 2019 presents more modest volumes of PPW 
collection of 11.2 kg per capita, it still is considerably higher than the national average (ROAF, 2020, 
p. 7). 

In the investment analysis for the Högdalen ACS plant, a sorting rate of 70% is used for calculating the 
projected PPW amounts, meaning that they are estimating that they are able to capture 70% of the PPW 
contents in the residual MSW (Folkesson and Stockholm Vatten och Avfall, 2017, p. 4). These 
calculations are for the Stockholm region and this specific plant and cannot be generalised. 

Calculations by Avfall Sverige and statistics from ROAF both indicate that around 6% of the input 
MSW volume can be extracted as different types of plastic (Avfall Sverige, 2017, p. 8; Fossum, 2018, 
p. 10). With a 15% PPW composition of the MSW volume (Avfall Sverige, 2016, p. 11), this could 
indicate an ACS collection rate of around 40%. A 40% sorting rate of the estimated 207,000 tons of 
PPW in the Swedish MSW would still mean a larger volume of PPW than the 95,500 tons collected 
today. However, regional and national differences in waste sorting systems, differences in household 
types and general data uncertainties make these assessments rough estimations, and they should not be 
seen as reliable. 

There are no solid comparisons of the output material purity levels of ACS versus source separation. 
Dahlén et al. (2013) investigated the purity of source-separated PPW collected from the public bring-
system containers and from PCC, respectively. The mixed PPW purity for the bring-system was 71% 
and for PCC 73%. An additional 14% and 17%, respectively, of non-PPW plastics were found in the 
fractions. Avfall Sverige’s sorting experiment at ROAF concluded that the plastic fraction purities were 
between 84-99%. However, these studies are difficult to compare, as there are large methodological 
differences between them. When the Högdalen and Brista sorting plants are completed, there will be 
better circumstances for making scientific comparisons of the purity levels of ACS versus source 
separation. 

  



 

 17 

3. Methods 
This thesis aimed to investigate if and how ACS could be implemented in Sweden. As the existing 
literature in this area is sparse, a qualitative and exploratory research design was chosen, based on a 
literature review and an interview study. 

The research process can be summarised as follows. First, the research aim and research questions were 
broadly developed, followed by identifying appropriate research methods for answering the research 
questions. After this, the literature review was commenced, during which the research questions were 
iterated and modified. The interview guide was developed, interview candidates identified, and the 
interviewing process started. The data from the interviews were then thematically analysed, and finally, 
the discussion and conclusions were developed.  

 

3.1 Literature Review 
A literature review was performed in order to synthesise the existing literature, identify gaps in the 
current knowledge and in order to provide a background and a theoretical foundation for the thesis. As 
waste management systems differ considerably between nations, the literature on ACS in a Swedish 
context was sparse.  

The primary tools used for finding relevant scientific literature were Google Scholar and Uppsala 
University’s online library service, which in turn accesses a multitude of academic databases. Articles 
in English were reviewed. The following keywords were used: automated waste sorting, automated 
central sorting, NIR-sorting, PPW, Plastic packaging waste, and plastic production. Reports from 
research institutes, trade and industry reports, official reports and statistics were found using Google.  

3.2 Interviews 
In order to answer the research questions, interviews were chosen as the data collection method. Semi-
structured interviews were selected, as they are systemic enough to enable comparison of the answers 
between the different interviewees, yet flexible enough to allow the interviewer to probe more in-depth 
if the interviewee brings up a topic that the interviewer had not thought of (Rowley, 2012, p. 262). This 
suited the exploratory nature of the research aim. The interviews were analysed using thematic analysis. 

3.2.1 Interview Procedure 
The interview procedure followed the interview guide (see Appendix A), which served as a checklist of 
the topics to be discussed. The interview guide was also helpful in ensuring comparability between the 
interviews. The interviews were structured into different parts: introduction, warm-up, main body of 
interview, cool-off and closure, which all serve their purpose (Robson and McCartan, 2016, p. 290).  

First, during the introduction, the interviewer presented himself and the study and thanked the 
interviewee for accepting the request to be interviewed. An approval for audio recording was taken, the 
interviewee was asked if they would like to appear with their real name in the research or if they 
preferred to be anonymous and they were reassured that they would get the opportunity to review any 
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quotes before they were published. Next, a warm-up question was asked about the interviewee’s 
background and responsibilities at their current workplace. This is an easy question mainly intended to 
build rapport in the conversation and get both the interviewer and the interviewee to relax. After this, 
the first topical questions were asked, beginning with a broad question on the interviewee's perception 
of the current system for handling PPW in Sweden, and then successively moving on to the more 
essential questions regarding drivers, barriers and solutions for ACS, and the prospects for a large-scale 
implementation. This stage of the interview would usually last around 15-20 minutes. A few cool-off 
questions were then asked to defuse any tension built up during the interview, followed by a closure, 
during which the interviewee was thanked and reassured that they would get to review any quotes. The 
interviewee was asked if it was OK to return to them via e-mail or telephone if any clarifications were 
needed or follow-up questions arose. 

The interviews were performed between March 1st and May 1st, 2020 and lasted between 30-60 minutes. 
All interviews were performed in Swedish and via telephone, except one which was conducted in person, 
and all interviewees accepted to be represented with their full name, except one which preferred some 
of their quotes to be anonymised. The interviews were recorded using a smartphone app and then 
uploaded to an online software where they were transcribed.  

Relevant quotes were then translated into English and emailed to the interviewee for approval. Some 
interviewees wanted to change the wording of some quotes, but these were minor changes that did not 
affect the overall meaning. One interviewee wanted one quote to be deleted, as they did not agree with 
the statement, and this quote was removed. 

3.2.2 Selection of Interviewees 
Candidates for interview were selected based on their own or their employer’s perceived ability to 
contribute towards answering the research questions. The targeted individuals and organisations were 
from a wide range of sectors, including the Swedish waste industry association, waste management 
companies, research organisations, a PRO, the Swedish EPA, an energy company and an ACS plant 
operator. Overall, there was an excellent response rate for the interview requests, and almost all the 
requested candidates either accepted or could refer to someone else within their organisation that could 
perform the interview. Table 4 provides a summary with a short description of each interviewee. 
Table 4. Description of interviewees. 

Name Description 

Anders Persson 
Anders Person is the CEO of SYSAV Utveckling, the development 
subsidiary of the regional waste company SYSAV, which is owned by 14 
municipalities in southern Sweden. 

Anna Folkesson 
Anna Folkesson is a Project Manager at Stockholm vatten och avfall, 
Stockholm’s municipal waste company, and is responsible for the 
planning of Högdalen’s new sorting plant. 

Carl Jensen Carl Jensen is a Project Manager at the Resources and Waste unit at the 
research institute RISE. 

David Dalek David Dalek works as Business Development Manager at the recycling 
and waste management company Renova. 

Erik Dotzauer Erik Dotzauer is an Energy Policy Expert at the energy company 
Stockholm Exergi. 

Henrik Nilsson Henrik Nilsson is the Project Manager responsible for LCS at FTI AB. 
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Jenny Westin Jenny Westin is an Advisor in issues related to material statistics taxes 
and public procurement at Avfall Sverige. 

Johan Lausing Johan Lausing is the CEO of the regional waste company SÖRAB, which 
is owned by ten municipalities north of Stockholm. 

Jon Djerf Jon Djerf is an Advisor in issues related to material recycling, collection 
and transport at Avfall Sverige. 

Malin Göransson Malin Göransson is an Officer at the recycling unit at Naturvårdsverket. 

Mattias Philipsson Mattias Philipsson is the CEO at the plastic recycling company Svensk 
Plaståtervinning. 

Sabine Dahlstedt  Sabine Dahlstedt is the CEO at the municipally owned waste, water and 
sewage company WBAB. 

Terje Skovly Terje Skovly is the Sales Manager at ROAF, a Norwegian municipally 
owned waste company operating an ACS plant. 

Weine Wiqvist 

Weine Wiqvist was Avfall Sverige’s CEO for 25 years. Today he is 
working as a Senior Advisor in waste management issues and is a member 
of the faculty team at the International Institute for Industrial 
Environmental Economics (IIIEE). 

Åsa Stenmarck 
Åsa Stenmarck is a Researcher and Material Flow Expert, who at the time 
of the interview was working at IVL, and currently is working with plastic 
issues at Naturvårdsverket. 

3.2.3 Thematic Coding Analysis 
A five-phase thematic analysis was used to analyse the data (Robson and McCartan, 2016, p. 467). 
Firstly, the interview audio files were uploaded into the web service Sonix, which makes a rough 
automatic transcription of the interview using an AI-based software. By listening to the conversations 
again and reading the rough transcripts, the author familiarised himself with the data. Secondly, several 
initial codes were generated, and relevant passages were highlighted with the codes appended. Thirdly, 
a number of more general themes were developed, both deductively using insights from the literature 
review, and inductively based on the coded data from the interviews. Fourthly, the themes were grouped 
into hierarchies. The main themes were the three core aspects of the first research question: drivers, 
barriers and solutions for implementing ACS. Answers to the second research question were also 
thematically coded using these main themes. The sub-themes were identified aspects of the main themes 
and were labelled as: economic, organisational, material, legislative and behavioural, see Table 5 and 6 
below. The main themes and sub-themes were mainly descriptive in nature (Robson and McCartan, 
2016, p. 472). Finally, the data were summarised in tables, analysed and compared between the different 
interviewees.  

In order to increase the readability of a large number of quotes in the Results chapter, the themes were 
included as sub-sections for barriers and solutions. For the section on drivers, the themes were left out, 
as the drivers were fewer in number and were easier to overview without them. The tables were included 
as summaries after each result section. 
Table 5. Main themes used in the thematic coding analysis. 

Main themes Description 

Drivers Statements relating to drivers for implementing ACS in Sweden. 
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Barriers Statements relating to barriers to implementing ACS in Sweden. 

Solutions Statements relating to solutions for overcoming the identified 
barriers to implementing ACS in Sweden. 

Table 6. Sub-themes used in the thematic coding analysis. 

Sub-themes Description 

Economic Statements relating to markets, revenues, costs and profits. 

Organisational Statements relating to managerial, organisational and logistical 
issues. 

Material Statements relating to material properties such as purity, quality and 
recyclability. 

Legislative Statements relating to policy, rules, regulations and law, on local, 
national or EU level. 

Behavioural Statements relating to citizen or consumer actions such as sorting 
behaviour and education. 

3.3 Methodology Discussion 
The choice of data collection will influence the results, and all research methods have inherent strengths 
and weaknesses. For this study, a qualitative approach using semi-structured interviews was considered 
appropriate given the aim and research questions. The interviews were conducted with a few key players 
relevant for the Swedish waste and recycling system and, because of the small number of interviewees, 
generalisations cannot be made from the findings. The sector is rapidly changing, meaning that the 
results of the interviews might have been different had they been conducted at a different point in time. 
Furthermore, although great care was taken, the transcription and translation of the interviews can 
influence the reliability of the results. Additionally, the analysis method, and the identified themes, can 
affect the outcome, as another researcher might have chosen different themes or a different analysis 
method altogether. 

The data presented in Table 3 and Figure 2 are approximate as information from different sources is 
compiled and there are uncertainties in the data collection methods. The data quality is discussed further 
in section 2.3.10 PPW Recycling Flows in Sweden. 

Lastly, no scholar is entirely unbiased, and even when choosing which problem to investigate, the 
researcher’s subjective opinions and experiences will guide that decision. For example, the topic of ACS 
was chosen because the author has an interest in technology, and another researcher might have chosen 
to focus on another perspective of waste sorting. Being aware of the risk of bias, the researcher stands a 
better chance of being objective. 
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4. Results 
In this chapter, the results from the interviews are presented. A presentation of each interviewee can be 
found in section 3.2.2 Selection of Interviewees. 

4.1 Drivers for Implementing Automated Central Sorting 
This section describes the drivers for implementing ACS identified by the interviewees. The drivers are 
summarised at the end of this section. 
Current source separation is not good enough 

The majority of the interviewees seemed to agree on that the results from the current source separation 
simply are not good enough, and it is clear that few interviewees believe that source separation will ever 
be developed to the extent where it reaches the future goals for PPW collection. The given reasons for 
this varied, but one common theme was that plastics packaging is often left smudged with food residue 
and therefore undesirable to store for more extended periods of time.  

According to Mattias Philipsson, CEO of Svensk Plaståtervinning, ACS is necessary to reach better 
results. 

[ACS] is one of the prerequisites if we are going to reach our visions, I don’t think 
we’ll ever get the consumers to sort their packaging waste to a hundred percent 
(Philipsson, 2020). 

Åsa Stenmarck, one of Sweden’s most esteemed researchers when it comes to plastic material flows, 
was of a similar opinion. 

I don’t think we’ll ever reach the perfect source separation. If we want to reach that, 
then maybe we need that type of post-collection sorting plant (Stenmarck, 2020). 

PCC is not going to make a big difference, especially in urban areas 

Although most interviewees were positive towards the new expansion of PCC, arguing that it might 
contribute a bit towards higher PPW collection quotas, few believed that itself alone would be enough. 
Carl Jensen, a researcher at RISE institute, commented that many households already have PCC today, 
and that there still has not been a significant improvement in PPW collection and that most of it still 
ends up in the residual waste. Jensen, therefore, questions why a more extensive implementation of this 
collection method would create different results. 

Many apartments actually have property-close collection today, (…) but if you look 
at waste composition studies, you will see that a lot of packaging waste remains in 
the residual waste (Jensen, 2020). 

David Dalek, employed at a large regional waste company in western Sweden, had a like-minded 
opinion. He explained that while it is relatively easy to increase collection rates from villas and single-
household properties by implementing PCC, it is considerably more challenging to improve the 
collection rate of packaging materials from apartment buildings. 
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When it comes to waste from apartment buildings, we so far haven’t found any ways 
to significantly increase the amount of sorted packaging materials. So, if we want to 
increase that amount we need to start sorting the residual waste in a material 
recovery facility (Dalek, 2020). 

Erik Dotzauer further problematised PCC in urban areas, arguing that there are going to be severe 
difficulties even implementing the legislation in some areas of Stockholm due to space constraints in 
many parts of the city.  

But look at the central parts of Stockholm, all the old buildings in Vasastan and 
Östermalm – there is no room for sorting! (Dotzauer, 2020) 

According to him, many apartment houses in urban areas only collect one or two waste fractions in an 
on-site garbage room, and to extend that would demand a lot of space that currently does not exist.  

A proposed way of reducing the amount of space needed in urban areas could be to use the multi-
coloured bag system, which although it requires the citizens to allocate a lot of space for waste fraction 
containers in their apartments, at least does not require a different garbage room or garbage pickup 
infrastructure. This is due to that all garbage bags go in the same stream and the bags are then optically 
sorted by colour centrally. This system is an LCS-approved implementation of PCC and is already in 
place in some Swedish municipalities. Anna Folkesson, project manager of the planned Högdalen 
sorting plant in Högdalen, discussed the challenges with this approach by arguing that it does not solve 
the central problem, which is that consumers simply are not willing or able to sort their waste fractions 
adequately. According to her, ACS solves this problem, as the sorting rates are not depending on the 
sorting abilities of the consumers. 

The statistics that we are basing our decision for the NIR-technology [for the 
Högdalen plant] come mainly from Oslo, where they have a multicolour bag system. 
The material is too often poorly sorted. It’s sometimes not enough to only sort out 
the fractions into the coloured bags, they need to open the bags and then sort 
the waste again. Eskilstuna is using a similar technology, and they are experiencing 
exactly the same problem, they have hired staff and started to manually after-
sort parts of their collected waste. And then you end up in a situation where you are 
meeting the legislative requirements of source separation, meaning in peoples’ 
homes, but the quality of the sorted material is so poor that it is unnecessarily 
difficult to use it for anything. (...) The option instead is to use this new modern 
[NIR] technology which is not dependent on peoples’ ability to sort. That’s the 
beauty of this method (Folkesson, 2020). 

Henrik Nilsson, project manager for implementing PCC and LCS at FTI, provided a different 
perspective on PCC, arguing that since the baseline of sorted PPW is so low to begin with, even a vast 
improvement will never create results that are good enough. 

When you are expanding property-close collection, you might double the amount of 
sorted plastic packaging, but you are doubling from a very low level, so there will 
still be a lot of plastic packaging in the residual waste. You might increase from 25 
to 50 percent sorting, which means half of all plastic packaging is still in the residual 
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waste, so that’s not really a solution. Property-close collection might solve a small 
part of the problem, but far from the entire problem (Nilsson, 2020). 

It is clear from the interviews that although PCC is an important legislation, few believe that this 
implementation alone is going to be enough to tackle the low collection and recycling rates of PPW. 
Demands for CO2-reductions through fossil-free energy 

In Sweden, there is extensive use of WTE, and therefore there is a close connection between the waste 
sector and the energy sector. At the same time, governmental programs for reducing fossil emissions are 
targeting the energy companies and are requesting them to reduce their fossil emissions. Similarly, the 
owners of the energy companies, which often are municipalities (Avfall Sverige, 2019a, p. 35), are 
making demands in order to comply with their municipal CO2-budgets. Carl Jensen comments on this 
conflict between fossil-free energy and energy recovery. 

The energy sector has roadmaps for going towards a fossil-free energy system, and 
the waste incineration accounts for about 50% of the fossil emissions from electricity 
and district heating production, of which plastic incineration is the largest part. To 
reach a fossil-free energy sector plastic waste needs to be removed before 
incineration (Jensen, 2020). 

According to several interviewees, waste incineration is the last step of a long value chain for plastic, 
and there is little the energy companies can do about the composition of the waste they are using as fuel. 
Therefore, many energy companies think that it is unfair that they are being viewed as the culprits for 
incinerating it. Åsa Stenmarck commented that it is not in the energy companies’ interest to have fossil 
plastic in their WTE processes.  

If you take the perspective of the waste companies, I absolutely think that they don’t 
want plastics in their incinerators. They want to be fossil-free (Stenmarck, 2020). 

Malin Göransson, Naturvårdsverket, made a similar point. 

I think [the energy companies] want to be fossil-free – they don’t want to incinerate 
fossil-based plastic (Göransson, 2020). 

Henrik Nilsson pointed out that this is why Stockholm municipality, which partly owns Stockholm 
Exergi, the energy company responsible for Stockholm’s WTE and district heating, is resorting to ACS 
in order to reduce the amount of fossil plastic used for energy recovery. 

The reason that [Högdalen sorting plant] is built is that Stockholm municipality (…) 
don’t want any fossil fuel for their district heating. (Nilsson, 2020) 

Mattias Philipsson argued that the consumer demand for green energy is also likely to be a deciding 
factor. When energy customers are increasingly demanding fossil-free heating, it is vital for the energy 
companies to get rid of the fossil plastic in their incinerators. 
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The energy companies’ heating and electricity customers are saying that “we want 
renewable energy, we don’t want fossil energy”, and since plastic is oil-based to 
99.9%, it’s a large part of the fossil share (Philipsson, 2020). 

Terje Skovly remarked that in Norway this mindset, in combination with a desire to reach more circular 
material flows, is so established that the Norwegian EPA has requested that before 2030, ACS should 
be used for all MSW before it is energy recovered. 

The Norwegian Environmental Protection Agency said in 2016 that before 2030, all 
Norwegian municipal solid waste should pass a central sorting plant before it is 
used for energy recovery (Skovly, 2020). 

No interviewee was categorically negative towards energy recovery, and there seems to be a consensus 
that Sweden will keep incinerating waste for energy for a foreseeable future. This can create a lasting 
and robust incentive to get rid of the fossil contents of the waste used as fuel. Erik Dotzauer, Stockholm 
Exergi, argued that even on a European level, there is a significant need for an expansion of waste 
incineration capabilities if the goals for landfill reduction are to be met.  

The landfilling is supposed to go down below 10 percent, and then material 
recycling should be 65 percent, that leaves 25 percentage points that we are 
supposed to do something else with. What is going to happen with those 25 percent? 
Nobody talks about this, but the only real solution is incineration, energy recovery. 
But it’s almost like it’s a bit dirty, you are not allowed to talk about it. And if we are 
going to incinerate these 25 remaining percent, then we need to expand incineration 
capabilities in Europe (Dotzauer, 2020). 

According to him, Sweden could serve this need by importing, sorting and energy recovering a small 
portion of that demand. 
Increased material recycling through larger volumes of sorted out PPW 

There are large volumes of PPW in the residual waste, and ACS could be an attractive way of collecting 
a portion of it. Jenny Westin, Avfall Sverige, argued that compared to the PPW flows from FTI, ACS 
could play a significant role, using the projected output flow from Högdalen as an example. 

Eighty-three thousand tons [of PPW] were sorted out by the households in 2018, so 
15,000 tons (the projected amount of PPW sorted out from Högdalen, author’s 
note), is quite a lot. Plastic packaging is the fraction consumers are worst at sorting 
out, so there are considerable amounts left in the residual waste (Westin, 2020). 

Jon Djerf, project manager at Avfall Sverige, had a similar opinion and pointed out that by using ACS 
an additional 15-20% of recyclables can be extracted from the residual waste. 
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We can run residual waste, which we know contains a lot of recyclable material, 
through one of these [sorting] plants before it is incinerated, because then we’ll get 
another 15-20% [of recyclables] (Djerf, 2020). 

In some parts of Norway, ACS is already implemented with great results. Terje Skovly compared the 
amounts of collected PPW per capita in his region with Oslo and remarked that machine extraction gives 
considerably larger yields.  

You can say a lot about source separation, but there are too many that aren't doing 
it, and therefore the results are bad. For example, Oslo is using the OptiBag system 
and is sorting out around 2-3 kg of plastic packaging waste per inhabitant per year 
using that solution. For [ROAF], the amount is around 10-11 kg. So the difference 
is considerable when machines are sorting out the plastic (Skovly, 2020). 

Increasing ETS prices 

Sweden is one of a few countries in the EU, has included WTE in its emission trading system. The 
consequences of this were only commented on by a few interviewees, often in the context of increasing 
prices. Mattias Philipsson argued that the rising ETS prices could act as a driver for ACS. 

The emission allowances in Europe haven’t been that expensive, historically 
speaking, it’s almost like the companies have had too many. But now the prices are 
starting to increase all of a sudden, that gives [the energy companies] an incentive 
to not receive plastic packaging, they don’t want to incinerate it (Philipsson, 2020). 

Erik Dotzauer at Stockholm Exergi shared this analysis. 

There is an upside of the emission allowances, if we (Stockholm Exergi, author’s 
note) sort out the fossil plastic, then we will have less fossil material in the 
incinerator, which means less carbon dioxide emissions and less emission 
allowances. So there is an economic incentive to sort out the plastic (Dotzauer, 
2020). 

Summary of drivers 
The following drivers for implementing ACS were identified by the interviewees 

Drivers for implementing ACS 

Current source separation is not good enough 

PCC is not going to make a big difference, especially in urban areas 

Demands for CO2-reductions through fossil-free energy 

Increased material recycling through larger volumes of sorted out PPW 
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Increasing ETS prices 
 

4.2 Barriers for Implementing Automated Central Sorting 
This section describes the barriers to implementing ACS identified by the interviewees. The barriers are 
divided into five different themes: economic, organisational, material, legislative and behavioural and 
are summarised at the end of this section. 

4.2.1 Economic Barriers 
In this section, barriers relating to markets, revenues, costs and profits are presented. 
High investment costs 

The investment cost for an ACS plant is within the hundreds of million SEK, and most interviewees 
agreed that the high cost is one of the strongest barriers to a large-scale implementation of ACS. Jon 
Djerf also pointed out that it is unlikely that the plant will finance itself as the revenue from selling the 
sorted material and reduced costs for ETS are small in comparison to the investment and operational 
costs. 

It’s a lot of money, and you’re not getting them back by earning money on the plant 
(Djerf, 2020). 

Another issue which was raised by several interviewees regarded who was going to pay for the 
investment. David Dalek discussed different options and was sceptic towards a public financing model 
since the targeted PPW should be covered by the EPR. This is highlighting a potential conflict between 
the waste collective and the producers. 

The question is who’s going to pay. Is it reasonable that the waste collective should 
carry that cost when there’s a packaging fee on the products that is supposed to 
cover the recycling costs? (…) In our case, we’d have to ask our owners 
(municipalities, author’s note) to finance such an investment. And then you start to 
think about where the boundary for the EPR should go. (…) The waste fee finances 
collection and treatment of waste, and to increase that fee to sort out materials that 
should be covered by the producer responsibility could be difficult  (Dalek, 2020). 

Anna Folkesson highlighted the potentially uncomfortable increases in the waste fee that might be 
needed if smaller municipalities are going to invest in a sorting plant. 

If you’re a small municipality, then the investment cost per citizen will be pretty 
high, meaning that the waste fee will have to increase, and that increase might be 
on the high side to fully motivate the facility (Folkesson, 2020). 

4.2.2 Organisational Barriers 
In this section, barriers relating to managerial, organisational and logistical issues are presented. 
Municipal collaboration is difficult 

In order to afford a sorting plant, most municipalities would have to finance the investment together 
with other municipalities. Terje Skovly, who has experience from ROAF’s planning and construction, 
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pointed out that municipal collaboration comes with its own set of challenges. For example, there can 
be notable differences in political governance, budget capabilities and waste collection systems between 
the municipalities. 

If you are going to build a sorting plant, there will be a high investment cost, and 
then several municipalities will need to finance it together. That requires 
collaboration between the municipalities, both regarding economy and politics. (…) 
The IVAR plant in Stavanger started their planning at the same time as us, and they 
finished their construction last year. Essentially, they needed five years longer to get 
their owning municipalities to agree. These processes can be very time consuming 
(Skovly, 2020). 

WTE fuel logistics 

Because of the tight connection between the waste and energy systems, the logistics of a large-scale 
implementation of ACS can become complicated. Åsa Stenmarck commented on the fact that Sweden 
has a quite large number of WTE plants, 35 in total (Avfall Sverige, 2019a, p. 35), but would not need 
as many sorting plants. The waste would, therefore, have to be transported between the different 
locations.  

We have quite many waste-to-energy plants, and automated central sorting would 
be a pre-stage to incineration. How many of the waste-to-energy plants would then 
have central sorting? Or should you transport the residual waste to, say, five or ten 
large ones? Then there will be incinerators without waste, and where are they going 
to get their fuel from then? It’s unreasonable that every municipality should take the 
investment of a central sorting plant (Stenmarck, 2020). 

Furthermore, Jenny Westin observed that the economic and environmental effects of the transport need 
to be factored in when the logistics are planned. 

You need to look at how many of these [sorting] plants would be needed, especially 
regarding the economic and environmental effects of transporting waste [to them] 
(Westin, 2020). 

4.2.3 Material Barriers 
In this section, barriers relating to material properties such as purity, quality and recyclability are 
presented. 
Reject and downcycling 

Many interviewees pointed out that a problem with trying to increase the collection rate of PPW is that 
the poor recycling rate will impair the end results. Weine Wiqvist was particularly adamant in this issue, 
remarking that for this reason, spending time, energy and money on automated sorting could actually be 
counterproductive. 

If the plastic packaging waste isn’t recyclable, sorting out more is just going to lead 
to that it is incinerated or landfilled somewhere else. This means that if all the 
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consequences aren’t thought through, a sorting plant could even be 
counterproductive (Wiqvist, 2020). 

He continued by arguing that in order to make an actual difference in the recycling rate, the design of 
the products needs to change, and that is where we should put all effort right now. Only after products 
are designed for recycling will it make sense to focus on increasing the collection. 

The plastic that is put on the market is not made for being recycled. Therefore, it 
doesn’t really matter if you collect it, because it can’t be recycled anyway. The first 
step is to make sure that the plastic that is being used in packaging is made in such 
a way that it is recyclable. (…) If we want to succeed in recycling, we need to 
redesign the products. We can’t start at the other end and try to recycle more by 
collecting more. Collecting more could be good, and we might do it for other 
reasons, but it’s not going to increase the actual recycling particularly. (…) Today, 
the problem is that it’s too easy to mix different plastic types for packaging material. 
Producers simply manufacture a packaging, and then maybe it’s recyclable on the 
other end, and maybe not (Wiqvist, 2020). 

Another point was made around downcycling, and that it’s common that the PPW that is considered 
recycled in the statistics becomes a product of less value.  

The plastic that is finally recycled to new products is usually recycled to a lower 
level. A plastic bag doesn’t become a new plastic bag. Rather it’s downcycled to 
isolation material or fillers or something like that (Wiqvist, 2020). 

Furthermore, Henrik Nilsson at FTI explained that a challenge when there is no functioning market for 
secondary plastic is that it creates incentives for recycling companies to develop useless products in 
order to, at least legislatively, recycle the material.  

You can manufacture [useless products] from recycled plastic packaging, and then 
you can build a large warehouse where you store these [useless products] forever. 
As long as that is cheaper than to send the plastic for incineration at 1,000 SEK per 
ton, then it’s a profitable business to build a massive warehouse of [useless 
products] (Nilsson, 2020). 

He was clear with pointing out that FTI would not do this, but that other companies might. 
Comingling leads to poor material purity 

There is a perception from many interviewees that the output quality of centrally sorted plastic is poor, 
and that selling it on the market for secondary materials will be more difficult than selling source-
separated plastic. Weine Wiqvist summarised his view on comingled waste succinctly. 

Once you’ve started to mix the materials, it’s game over for recycling. Garbage in, 
garbage out (Wiqvist, 2020). 
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Anders Persson agreed and commented that centrally sorted recycled plastics do not meet the market 
demands on material purity, and therefore cannot be sold. 

You’re not going to reach a quality that is good enough [using ACS]. I mean, you 
can sort out the plastics, but no one is going to want it. (…) The closer to the source 
you do the sorting, the better the purity of the fractions. If you are collecting a 
material for recycling, you need a quality that is demanded on the market, and the 
less mixed the materials have been from the start, the better the chances of quality-
assured recycled material (Persson, 2020). 

An anonymous interviewee agreed, referencing to ACS in continental Europe, and adds that if the wet 
waste could be removed, the hopes of a better output quality would be higher. 

If it were possible to get good quality without using the Swedish [practice of] source 
separation, we wouldn’t have to do it, we could just throw everything in the same 
container. But that doesn’t work. You can see that in continental Europe, where they 
use material recovery facilities [for ACS]. Most of that recovered waste can’t be 
recycled. (…) If you could get rid of the wet waste (food waste, author’s note), then 
maybe you could throw everything else in the same container if you saw that the 
quality didn’t suffer from it (Anonymous). 

4.2.4 Legislative Barriers 
In this section, barriers relating to policy, rules, regulations and law, on local, national or EU level are 
presented. 
PCC is Prioritised 

It is clear that Naturvårdsverket wants to see how the new PCC extension unfolds before other measures, 
like a large-scale implementation of ACS, is considered.  

We (Naturvårdsverket, author’s note) would like to see the implementation of 
property-close collection first and see how that affects the residual waste. If there’s 
less [plastic packaging waste] in it, then the need for central sorting might be lower, 
but if the amount of plastic remains high, then it might be a good idea (Göransson, 
2020). 

ACS is Undermining the EPR and the PPP 

Weine Wiqvist, a stark critic of how the EPR has been implemented so far in Sweden, argued that ACS 
could further undermine the EPR by solving the problem of PPW in the residual waste for the producers. 

There is a lousy sorting of plastics from the beginning, not more than 30 or 40 
percent of the plastic packaging is even sorted out, meaning that 60 or 70 percent 
of it is in the residual waste. This must be principally wrong. In my view, the only 
way of solving this is by making sure the producers get this problem in their lap. 
Only then will they do what they have to do – namely making sure they make better 
products and making sure they have a functioning collection. If we create a system 
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that solves the problem afterwards, we are letting the producers off the hook. (…) 
The producers must have a 100% cost-accountability for what they put on the 
market, regardless if they manage to collect the waste or not. Only then will they 
contribute to collecting even more, they need to feel that cost. This includes the cost 
for waste management, transport and logistics all the way until incineration. Today, 
that cost is transferred to the district heating customers or the waste collective, and 
this is wrong (Wiqvist, 2020). 

Furthermore, Wiqvist argued, if we are implementing ACS, we may not be creating enough incentives 
for real change, for example by working to not put so much plastic on the market in the first place. He, 
therefore, argued for trying other methods before resorting to ACS. 

First, we should conclude that for whatever reasons we cannot reach 80% correct 
sorting of plastic packaging waste. Then we might have to throw in the towel and 
say “OK, let’s look at other methods for solving this problem”. But if we start with 
[automated sorting], the risk is that we are paying ourselves out of the problem. The 
real problem could be that some of these plastic packagings shouldn’t even be on 
the market. Maybe we shouldn’t have soap in plastic bottles – maybe we should have 
soap bars instead. If you can’t see what you are consuming, then you won’t change 
your behaviour (Wiqvist, 2020). 

ACS is not EPR-compatible 

As stated in their guidance for LCS, Naturvårdsverket requires the EPR-covered waste to be separated 
at the source, meaning that the producers are prohibited from using ACS as a primary method of 
implementing PCC. FTI’s Henrik Nilsson was critical towards Naturvårdsverket’s position, arguing that 
FTI could be interested in looking at ACS if they were allowed to.  

Naturvårdsverket has closed the door for automated central sorting through [LCS]. 
Otherwise, it could have been of interest for [FTI] too look at. (…) However, we 
aren’t keen on paying twice for something, that’s where we draw the line. First that 
we need to provide a separate collection system and then that we’d have to finance 
automated sorting on top of that (Nilsson, 2020). 

Similarly, Mattias Philipsson argued that it would have been more efficient to invest in ACS instead of 
PCC. 

The state has already chosen its path, and the path chosen is a massive extension of 
property-close collection. It’s going to be very costly. Yes, we are going to increase 
the collection rate a bit, but I think the return on investment would be higher if the 
money would have been invested in automated sorting instead. But now it is what it 
is, and we’ll have to make the best of it (Philipsson, 2020). 

Low PPW recycling targets 

Weine Wiqvist argued that the recycling targets set for PPW are too low to create incentives for real 
change.  
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If you look at the regulations around EPR, the plastic industries have succeeded in 
getting much lower collection targets than, for example, metal, paper and so forth. 
They have managed to keep their targets around 30 or 40 percent, which is 
completely idiotic. The reason for this is that they have been effective in 
communicating that there’s no use in collecting more since we can’t recycle it 
anyway. But that’s not a good motive, it’s incredibly stupid (Wiqvist, 2020). 

Incineration tax makes sorting out plastic more expensive 

Most interviewees were sceptical towards the incineration tax having any real influence over the 
recycling rate since it is applied too late in the material value chain. However, Erik Dotzauer even argued 
that the incineration tax was counterproductive for recycling since it is a barrier to ACS.  

The incineration tax that is being implemented now is counterproductive. If we sort 
out the plastic, which has a high energy content, then the remaining waste has a 
lower energy content per ton. This means that if we are going to produce a certain 
amount of district heat to our customers, we need to feed the incinerator with even 
more waste. And since the incineration tax is tied to the weight of the incinerated 
waste, our tax cost will be higher. The consequence is then that the better we sort, 
the more tax we have to pay (Dotzauer, 2020). 

4.2.5 Behavioural Barriers 
In this section, barriers relating to citizen or consumer actions such as sorting behaviour and education 
are presented. 
PCC could reduce the amount of PPW to collect 

Some interviewees commented on a potential side effect of a successful implementation of PCC: it could 
lead to a decrease of plastic packaging in the residual waste, which then could damage the conditions 
and act as a barrier to a successful implementation of ACS. Erik Dotzauer commented on the possible 
conflict between PCC and ACS. 

Now that we’ve decided to build this sorting plant, will the property-close collection 
destroy the economics of the investment? I mean, if everyone is sorting at home, then 
why should we build a sorting plant? We are investing several hundred million SEK 
in this, and we should be careful with our citizens’ money (Dotzauer, 2020). 

Carl Jensen agreed, arguing that there’s no point of centrally sorting out PPW if there is none in the 
residual waste.  

The result of property-close collection could be that the sorting improves a lot, and 
then there might not be as much plastic to sort out from in the residual waste at these 
plants (Jensen, 2020). 

ACS could lead to worse source separation 
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Many interviewees pointed out the educational and pedagogical benefits of source separation. Sabine 
Dahlstedt, CEO of a recycling company in Sweden, remarked that if consumers see their waste, and sort 
it themselves, they will work to minimise the amounts and potentially view it as a valuable resource 
instead of just waste. 

Our customers that started using the four-compartment container have actually 
started reflecting on their waste: “Oh my, is this how much plastic I use? I should 
start using reusable bags and containers.” Source separation provides an 
opportunity for reflection (Dahlstedt, 2020). 

One concern that some interviewees brought up was that an implementation of ACS could negatively 
affect the practice of source separation. If consumers know that their waste will be automatically sorted 
after it is collected, the result might be that they are not as thorough when they are sorting it. Jon Djerf 
commented on the potential risks of consumers finding out that their residual waste is centrally sorted. 

The danger is that if people find out that we are sorting the waste centrally in a 
sorting plant, then they might stop source separating. Why should they source 
separate the waste if it is automatically sorted anyway? (…) Some regions, such as 
Berlin, for example, throw all waste into one mixed waste fraction, which is then 
sorted automatically. This can create a mentality and behaviour that is not very 
environmentally friendly since the consumers think that someone else will fix their 
sorting (Djerf, 2020). 

Similarly, Carl Jensen predicted that Stockholm municipality might get educational challenges after the 
Högdalen sorting plant has been taken into operation. 

I, for one, think that [Stockholm municipality] will have a pretty big pedagogical 
challenge towards the households when it comes to informing them about the 
importance of source sorting of waste (Jensen, 2020). 

4.2.6 Summary of Barriers 
In this section, a summary of the barriers is presented. 

Economic barriers 

High investment costs 

 
Organisational barriers 

Municipal collaboration is difficult 

WTE fuel logistics 
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Material barriers 

Reject and downcycling 

Comingling leads to poor material purity 

 
Legislative barriers 

PCC is prioritised 

ACS is undermining the EPR and the PPP 

ACS is not EPR-compatible 

Low PPW recycling targets 

Incineration tax makes sorting out plastic more expensive 

 
Behavioural barriers 

PCC could reduce the amount of PPW to collect 

ACS could lead to worse source separation 
 

4.3 Solutions to Barriers for Implementing Automated Central Sorting 
This section presents the interviewees' proposed solutions to the identified barriers for implementing 
ACS. Like the previous section, the solutions are divided by economic, organisational, material, 
legislative and behavioural barriers, and the solutions are summarised at the end of this section. 

4.3.1 Solutions to Economic Barriers 
In this section, the interviewees’ proposed solutions to the economic barriers are presented. 
Municipal co-financing through waste fee 

In order to reduce the burden of the high investment costs of an ACS facility, some interviewees 
suggested that multiple municipalities should go together and co-finance the investment. Although the 
increase in the municipal waste fee still can be significant, the economic burden will be lower if it’s 
shared between more municipalities and citizens. This is already how most planned and completed 
plants, such as Brista, ROAF and IVAR, are financed.  

Anna Folkesson also added that the construction should be seen as an environmental, not an economic 
investment.  

It’s absolutely possible [to have a large-scale implementation of automated sorting], 
but it’s not 100% profitable, it should be considered a climate investment. Of course, 
there will be a revenue stream from the material that is recycled, but that will not 
cover the entire cost for the plant. This is why it is funded by the waste fee 
(Folkesson, 2020). 

Seek governmental funding 



 

 34 

Furthermore, some interviewees pointed out that governmental funding for fossil emission-reducing 
projects could help finance sorting plants. Erik Dotzauer pointed out that Brista, for example, received 
134 MSEK from the governmental green innovation fund Klimatklivet. 
Producer financing agreements 

FTI and Svensk Plaståtervinning have agreed to purchase the mixed plastic fraction from Högdalen’s 
sorting plant for a fixed price. Henrik Nilsson commented that they are offering a considerably better 
price than the market value, which most likely would be negative. 

500 SEK per ton is what we (FTI, author’s note) are paying for the plastic packaging 
waste that is collected and delivered to us today. That is not a market price really. 
Rather the market price would be that they (Högdalen’s sorting plant, author’s note) 
would have to pay a couple of thousand SEK per ton to get rid of it (Nilsson, 2020). 

Henrik Nilsson further observed a changed attitude among the producers regarding the packaging fee. 
According to him, the implementation of PCC is likely going to increase their costs, and consequently 
the packaging fee, fivefold, something that was unthinkable some years ago. This development could 
facilitate further producer financing agreements. 

One enabler has been these new high targets for property-close collection. Suddenly 
there is interest (from the producers, author’s note) for solutions associated with an 
entirely different cost level than was possible before (Nilsson, 2020). 

4.3.2 Solutions to Organisational Barriers 
In this section, the interviewees’ proposed solutions to the organisational barriers are presented. 
Take active organisational leadership 

According to Terje Skovly, ROAF, the organisational difficulties can be overcome by an active leader 
in the regional waste company. 

We had a really good CEO that had great contact with the local governments in our 
owning municipalities, and he travelled around between the municipalities and 
explained what we wanted to do. He was clear with the fact that it would cost more 
money for the waste management, but that the result would be much better. (...) And 
the municipalities reacted very positively to this and were happy to be part of this 
pilot project (Skovly, 2020). 

Facilitate collaborations between the public and private sector 

Collaboration is not only crucial between municipalities, but also between the public and private sector. 
Many interviewees were dissatisfied with how the EPR has been implemented in Sweden, pointing out 
that the collaboration between FTI and the municipalities wasn’t always perfect. Åsa Stenmarck hoped 
that this might change with the PCC extension, as it might force forward a better collaboration between 
the municipalities and FTI. 
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I think that that [property-close collection] will force collaboration between the 
producers and the municipalities. At some point, they are going to have to agree on 
how [the collection] is going to work (Stenmarck, 2020). 

Design efficient logistics networks 

Co-financing ACS between multiple municipalities means that inter-municipal logistics are going to be 
essential. If logistics and reloading stations are planned accurately, the environmental costs of the 
additional transports could be manageable, according to Anna Folkesson.  

Municipalities could go together [and construct sorting plants] since we see in the 
lifecycle analysis that the transports are quite a small part of the climate cost. (…) 
As long as they have a reloading station and efficient transports, you could have a 
number of centrally located sorting plants (Folkesson, 2020). 

4.3.3 Solutions to Material Barriers 
In this section, the interviewees’ proposed solutions to the material barriers are presented. 
Quality of commingled PPW is good enough 

Many interviewees expressed scepticism towards the quality of the sorted out plastic materials, but not 
everyone was as unconvinced. Mattias Philipsson, the CEO of Svensk Plaståtervinning, commented that 
he believes that the material qualities won’t be worse than the stream they are already getting from FTI.  

Sure, we don’t really know what the quality of the plastics we get from [Högdalen] 
will be, but it won’t be worse than what we already get [from FTI] today, of that I’m 
sure (Philipsson, 2020). 

Producer improvements in design for recycling 

Philipsson further pointed out that there is a lot of change coming from the producers themselves, and 
that the industry is changing faster than before, which is going to have a positive impact on the material 
quality. 

Svensk Dagligvaruhandel (the Swedish food retailer industry organisation, author’s 
note) and DLF (trade organisation for food importers and producers, author’s note) 
have agreed on a target that in 2022 all their members’ plastic packaging should be 
recyclable, which is an important goal and an important signal to the market 
(Philipsson, 2020). 

He also added that the implementation of modulated packaging fees would help, by creating an 
economic incentive for the producers to switch to more recyclable packaging.  
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If a producer puts a black packaging, a laminate or something else that is not 
recyclable according to our plastic manual on the market, they need to pay a higher 
packaging fee (Philipsson, 2020). 

4.3.4 Solutions to Legislative Barriers 
In this section, the interviewees’ proposed solutions to the legislative barriers are presented. 
Wait and see the results of PCC  

Henrik Nilsson remarked that PCC is likely just an intermediary stage and that the legislative changes 
needed to facilitate ACS is going to come sooner or later. 

I think we’ll get [to ACS] at the end when some time has passed. Property-close 
collection and source separation will be intermediary stages, and then we’ll realise 
that we need [ACS] for plastic packaging (Nilsson, 2020). 

Increased targets for PPW recycling 

The low recycling targets for PPW was identified as a barrier to a more extensive collection. Weine 
Wiqvist requested much higher recycling targets for PPW. 

The next step should be to greatly increase recycling targets. They should be at 
around 80 or 90 percent, just as for the other waste types. (…) The target is still just 
around 50% or something like that, which is ridiculous. It’s unbelievable that the 
[European] Commission or someone else doesn’t put their foot down and say that 
in 2030, 80% of packaging should be recycled (Wiqvist, 2020). 

Create incineration tax relief for sorted out PPW 

Erik Dotzauer proposed an incineration tax relief for waste incinerators sorting out plastics, in order to 
keep an economic incentive for doing so. 

4.3.5 Solutions to Behavioural Barriers 
In this section, the interviewees’ proposed solutions to the behavioural barriers are presented. 
Informational campaigns about the importance of source separation 

Targeted information campaigns explaining the importance of source separation was proposed by some 
interviewees, such as Anna Folkesson, as a solution to the potential difficulties of worsened source 
separation due to ACS.  
Dispose of PPW together with MSW  

Terje Skovly commented that another approach is to completely abandon source separation of PPW and 
only employ ACS for this fraction, which is how it is done in their municipalities in Norway. 

[In our municipalities] we throw all plastic packaging with the residual waste 
(Skovly, 2020). 
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4.3.6 Summary of Solutions 
Here follows a summary of the presented solutions for the barriers. Multiple solutions are comma-
separated. A hyphen represents that no solution for the barrier was identified. 

Economic barriers Solutions to economic barriers 

High investment costs 

Municipal co-financing through waste fee, 
Seek governmental funding, Producer 
financing agreements 

  

Organisational barriers Solutions to organisational barriers 

Municipal collaboration is difficult 

Take active organisational leadership, 
Facilitate collaboration between the public and 
private sector 

WTE fuel logistics Design efficient logistics networks 

  

Material barriers Solutions to material barriers 

Comingling leads to poor material purity Quality of comingled PPW is good enough 

Reject and downcycling Producer improvements in design for recycling 

  

Legislative barriers Solutions to legislative barriers 

PCC is prioritised Wait and see the results of PCC 

ACS is undermining the EPR and the PPP - 

ACS is not EPR-compatible - 

Low PPW recycling targets Increased recycling targets for PPW recycling 

Incineration tax makes sorting out plastic more 
expensive 

Create incineration tax relief for sorted out 
PPW 

  

Behavioural barriers Solutions to behavioural barriers 

PCC could reduce the amount of PPW to collect - 
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ACS could lead to worse source separation 

Informational campaigns about the importance 
of source separation, Dispose of PPW together 
with MSW 
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5. Discussion 
The aim of this study was to identify drivers, barriers and solutions for the implementation of ACS of 
PPW in Sweden. In this chapter, results from the interview study will be discussed and interpreted in 
light of the literature review. The discoveries are presented below in eleven Key Findings, in no 
particular order. 

5.1 Key Finding 1 
GHG emission reduction is the strongest driver for ACS  
Many of the interviewees and the literature emphasise GHG reductions as the strongest driver for an 
ACS implementation. The main reason for this is governmental initiatives stemming from the recently 
adopted Climate Law, with its emission target of becoming a net GHG neutral nation by 2045. Some 
examples of governmental initiatives for GHG emission reductions are Fossilfritt Sverige, the waste 
incineration tax and PCC. As WTE accounts for more than half of the GHG emissions in the energy 
sector (Naturvårdsverket, 2019c, 2019d), it is identified as a prioritised target for GHG reductions. The 
fact that almost all energy companies using WTE are municipally owned provides even stronger 
incentives, especially since some municipalities have even more ambitious GHG emissions than the 
national goals.  

However, which GHG reductions that actually can be expected is dependent on what happens to the 
PPW that is sorted out. If the rest of the waste management system is not aligned with the GHG emission 
reduction goal, there is a risk that the sorted out PPW will be incinerated somewhere else. Therefore, it 
is vital that there’s a holistic view on the waste management system in order to maximise the GHG 
reduction potential. 

5.2 Key Finding 2 
Better material recycling is vital to justify a larger collection 
Most interviewees that were negative towards ACS were not critical of the technology itself, but rather 
to the fact that it places the emphasis on the wrong side of the value chain. Wiqvist (2020), for instance, 
argued that the solutions for an acceptable level of PPW material recycling will never take place in the 
collection stage, as this is too late. Instead, solutions should be sought in the design and production 
stage. Without considerable improvements in the design and production stage, the benefit from any 
increases in collection will be severely diminished. Wiqvist (2020) described it as a zero-sum game – 
there is no point in collecting more if it cannot be recycled, as it will just be incinerated somewhere else.  

Currently, there is a material recycling rate of around 35% of the PPW that is collected in Sweden 
(Avfall Sverige, 2020, p. 11). Depending on the PPW quality of an increased collection through ACS, 
the material recycling rate could increase or decrease somewhat, but it is likely that there will still be 
large reject levels in the recycling processes. However, new initiatives in design for recycling could 
increase the PPW quality and, subsequently, the material recycling rate, meaning that the impact of a 
larger collection would be amplified. Therefore, a large responsibility lays on the producers to create 
more recyclable products. 

Furthermore, it is worth to note that change takes time. For example, the EU wants every plastic 
packaging that is put on the market to be recyclable by the year 2030, placing pressure on the producers 
to implement processes for design for recycling by then. Similarly, the planning and construction time 
for sorting plants can be lengthy – for example, the automated sorting plant IVAR in Stavanger, Norway 
took over five years to complete, with time-consuming processes such as permit acquisition and 
municipal collaboration around financing and waste management (Skovly, 2020). Therefore, efforts for 
improving both PPW collection and material recycling rates can be performed simultaneously. 
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5.3 Key Finding 3 
The market for secondary plastic material is currently a barrier to ACS but could 
become a driver in the future 
Interviewees in this study, as well as previous research, conclude that there is a need for a better 
functioning market for secondary plastic raw material. Plastic mass production is dependent on a 
consistently high and stable quality and quantity of the input raw material, preferably at a consistently 
low price. It is difficult for secondary plastics to satisfy the high demands of industrialised plastic 
production processes for a variety of reasons, most of them connected to the complexity of the plastic 
material. The market for recycled plastic is also tightly tied to the oil price, which affects the price of 
virgin plastics. The oil price can be volatile, and in times of low oil prices the lower cost of virgin plastic 
makes recycled plastic less attractive. The Corona-crisis is an example of this, with oil prices even going 
negative temporarily (BBC News, 2020). The unstable market conditions for secondary plastics are a 
barrier to sorting out more recycled PPW using ACS. 

However, there are initiatives that could improve market conditions. For example, improvements in 
design for recycling could reduce the number of plastic types used for PPW, which could ease the 
material recycling process and at the same time increase the volumes of each individual polymer 
fraction. This could stabilise the supply of recycled plastics and create a more predictable and attractive 
market.  

Furthermore, there are initiatives for increasing the demand for recycled plastics. Projects on both a 
national and EU level are working on systems for secondary plastic material standardisation, to 
guarantee the quality of the marketed recycled plastics. If the producer confidence in material quality 
improves enough to create a substantial demand for secondary plastics, the market barrier could instead 
become a driver for sorting out more PPW using ACS. Other important EU initiatives for increasing the 
demand for recycled plastic include mandatory recycled content in new plastic products and integrating 
recycled content into the GPP criteria. 

5.4 Key Finding 4 
There is a need for a common language, better KPIs and more transparent information 
flows 
There is confusion and ambiguity around the indicators used for measuring the different aspects and 
stages of material recycling. For instance, when Naturvårdsverket stated that 46% of the PPW put on 
the market was materially recycled, many in the general public assumed that this referred to the amount 
actually ending up in new, recycled products. However, Naturvårdsverket was referring to the amount 
that was collected for recycling, which is something entirely different. Similarly, the heating sector 
discounts energy recovery from their GHG emissions in their roadmap to be fossil-free by 2030. It is 
evident that a common language is needed. If this language was consistent between nations it would 
also make international comparisons much easier. The EU could facilitate establishing this common 
language. 

Furthermore, it is difficult to get an overview of the many stages of PPW recycling. As seen in section 
2.3.10 PPW Recycling Flows in Sweden, four different stages can be identified: 1) Put on market, 2) 
Collection, 3) Sorting and 4) Washing and granulation. One last stage could be added to the model: 5) 
Equal product, which would describe how much of the recycled material that ends up becoming a 
product equal to that of the input material, and not downcycled into a lesser product. This stage has been 
added to the model in Figure 4. An accurate account of the yields and rejects of each stage in this model 
is needed in order to understand where the most significant potentials for improvements are.  

Finally, there is a need for more transparent information flows. Currently, much data around recycling 
yields and rejects, particularly from facilities abroad, are covered by business confidentiality 
agreements, making it difficult to build reliable models of the recycling system agreements (SMED, 
2019, p. 75). This data needs to be opened up in order to get a complete picture of the recycling industry. 
Since there is much import and export of waste and recycling materials, an international data sharing 
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agreement would be desirable. Again, the EU could play an important role in supporting this by making 
it mandatory for recyclers to open up and share certain data. 

 
Figure 4. A revised model of the different stages of PPW recycling. Green indicates the path towards recycling, 
red indicates energy recovery and yellow indicates downcycling. Data is approximate as there are uncertainties in 
the calculation methods (Avfall Sverige, 2020, p. 11; SMED, 2019, pp. 111–113). 

5.5 Key Finding 5 
ACS could collect more PPW than source separation, but the practice is difficult to let 
go 
Many interviewees commented that source separation never will produce PPW collection results that 
are good enough and that ACS is going to be needed if satisfactory results are to be reached. The 
literature confirms that ACS has a better PPW collection performance, with a report from Norway 
concluding that municipalities using ACS are collecting more than twice as much PPW per capita 
compared to the national average (Deloitte, 2019, p. 14). At the same time, most interviewees defended 
source separation, citing reasons such as its long practice in Sweden, its educational benefits and 
perceived superior material purity. There were barely any supporters of a pure ACS model for PPW, 
with most interviewees supportive of ACS envisioning it complementing PPW source separation. 

One reason for this vigorous support for PPW source separation, even though its poor performance, 
could be the better collection and material recycling results for other EPR-fractions, such as glass and 
metal packaging. Although there could be an overreporting for these fractions as well, the considerably 
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higher rates make it likely that they are performing better than plastic packaging, at least. However, 
there are some crucial differences between PPW and the fractions with better results. For example, as 
several interviewees pointed out, PPW is often smudged with food residue, making it less attractive to 
store for more extended periods in the household. Furthermore, the PPW storage claims much space, 
which can be problematic in smaller homes. Moreover, plastics are more complex materials and 
therefore more difficult to recycle than glass and metal. Another reason for the interviewee aversion 
towards ACS could be a perceived risk of destroying the hard work and energy spent trying to get the 
households to source separate. If the citizens think that some of their waste fractions are centrally sorted, 
then why should they continue source separating any of them? 

Nevertheless, it is surprising that although it clearly will be problematic to reach adequate levels of PPW 
collection using source separation, many interviewees opposed using ACS as the primary tool for 
improving the results. 

5.6 Key Finding 6 
ACS cannot be financed directly under the existing EPR scheme, and this is hindering 
the PPP 
The EPR states that the producers should finance all costs relating to the PPW collection, regardless of 
whether the collection method is through FTI’s bring-system or PCC. The cost-accountability is seen as 
an application of the PPP. According to the guidance for the PCC extension, producers need to use an 
LCS for their collection. The guidance for LCS is provided by Naturvårdsverket and states that 
producers should manage the collection through source separation, and they are not allowed to use ACS 
as their primary collection method. Simultaneously, ACS is being implemented by energy companies 
and municipal waste companies that want to reduce their GHG emissions, and the investments are paid 
for using the waste fee. The result of this is that the PPP is defunct, as the producers are not covering 
the PPW collection costs. Some interviewees were critical of the fact that the ACS plants being built are 
publicly financed through the waste fee, arguing that the waste collective should not have to pay for 
sorting out waste that should be covered by the EPR.  

A possible way forward could be to make ACS an LCS-approved collection method for PPW and let 
the producers finance this using their packaging fee. By allowing the producers to bear the cost of the 
ACS collection, the PPP would be applied. However, this might be easier said than done. Firstly, an 
extensive collection system for the other EPR-covered waste, such as glass, metal and cardboard, would 
still be needed, and the plans for a PCC extension would likely have to continue. This would create two 
parallel collection systems. Secondly, this would require Naturvårdsverket to change their LCS guidance 
to allow ACS, either by letting the producers manage it themselves or by enabling producers to 
remunerate another actor for the costs of managing it for them. However, Naturvårdsverket might have 
to change their LCS guidance regardless, as none of the two LCS applications they received met the set 
requirements.  

Perhaps a more pragmatic solution could be that the producers indirectly finance an ACS 
implementation by purchasing the sorted-out plastic from the ACS plants. This is what Svensk 
Plaståtervinning and Högdalen’s sorting plant have agreed on. It is a win-win situation – the municipality 
gets rid of their CO2 emissions and Svensk Plaståtervinning gets more plastic to recycle, which is their 
primary objective. However, considering the investment and operational costs of the plant, the 
remuneration of 10 MSEK per year (Folkesson and Stockholm Vatten och Avfall, 2017, p. 9) is too low 
to be seen as a real application of the PPP. If the price of the purchased plastic was adjusted to reflect 
the operational costs for the PPW collection and a contribution to the initial investment cost was added, 
then this could be a way of applying the PPP under the current EPR legislation and LCS guidance. 

5.7 Key Finding 7 
Producers are willing to invest in collection and recycling 
PCC is being expanded in Sweden as a measure to increase PPW collection, and although it has existed 
for years in some parts, it has been managed by the municipalities, with FTI remunerating them for the 
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collection costs. However, there have been reports that the compensation has been too low and that a 
share of the collection cost has been paid for using the waste fee (Regeringskansliet, 2018, p. 8). The 
new ordinance for a PCC expansion will require producers to manage the PPW collection through an 
LCS themselves and strongly emphasises that they will also have to finance the collection entirely.  

In order to reach this goal, FTI is getting ready to invest heavily in the infrastructure needed, with a 
projected five-fold increase in their total organisational costs (Nilsson, 2020). FTI’s costs were around 
850 MSEK in 2018, meaning that the costs could increase with over 4 BSEK per year. This would be 
financed by increasing the packaging fees. For reference, the investment cost for Högdalen’s sorting 
plant is around 900 MSEK, and for Brista around 650 MSEK. Henrik Nilsson (2020), the project 
manager for the LCS implementation at FTI confirmed that the willingness to invest in collection and 
recycling among the producers had increased significantly over the last years. 

5.8 Key Finding 8 
There is scepticism towards the quality of centrally sorted PPW 
Several interviewees cited poor material quality as one of the strongest arguments against ACS. There 
is a strong belief that because the PPW is mixed with other waste before it is automatically sorted out, 
it will have a quality that is too low for it to be profitably materially recycled. Quality in this context is 
viewed as equal to purity, which is the industry term for measuring the share of unwanted materials 
within a sorted material fraction. 

While it is true that the low and unstable quality of secondary plastics is a challenge for selling it on a 
secondary market, it remains to be seen if the centrally sorted PPW will be of any worse quality than 
source-separated.  

5.9 Key Finding 9 
The waste incineration tax is de-incentivising ACS but is partly offset by ETS 
Most interviewees were negative towards the incineration tax, claiming that it is inefficient at reaching 
its goal of incentivising less waste incineration since it is applied too late in the value chain. The energy 
companies that receive the waste have little influence of either the amount or its composition. 

Currently, the incineration tax is not tied to CO2 emissions as it is argued that they are already covered 
by the ETS and that adding another layer of CO2 emission fees would be taxing the same emission twice. 
Therefore, the tax is simply tied to the tonnage of the incinerated waste. This, as Dotzauer (2020) pointed 
out, in combination with the high energy density of plastic, creates negative incentives for ACS. If an 
ACS plant removes all PPW, with a high energy content, and it wants to keep its energy output 
unaffected, it needs to replace the removed PPW with other, less energy-dense materials. This increases 
the incinerated tonnage, and thus the incineration tax will be higher. Therefore, Dotzauer argues, the tax 
de-incentivises sorting out PPW, and is requesting a tax relief for the sorting plants doing this. However, 
since the ETS is tied to CO2-emissions, the reduced cost of emission allowances should be offsetting the 
increase in incineration tax. To which extent the reduced ETS offsets the incineration tax is out of scope 
for this thesis and could be an interesting subject for future research. 

5.10 Key Finding 10 
There is too much and too low quality plastic packaging put on the market, and ACS 
can never solve this issue 
Many interviewees pointed out that there is too much plastic placed on the market today, and that 
collecting more does not get to the root of that problem. Furthermore, the plastic packaging is often 
made from a quality so poor that it is impossible to recycle even if it is collected. The primary focus 
should be on climbing higher in the waste hierarchy by preventing packaging waste to the largest extent 
possible, and by designing packaging for re-use. If plastic packaging is put on the market, it should be 
required to have a quality that is possible to recycle. 



 

 44 

A better and larger collection system might even be counterproductive, as the problem is solved 
superficially, and the current situation is accepted. Policy changes on EU and national level and private 
sector initiatives are trying to steer society away from plastic use, and by investing too heavily into ACS, 
the waste sector could get stuck in a system that is designed around plastic when the rest of society wants 
to move on. 

5.11 Key finding 11 
PPW recycling flow data needs improvement 
As discussed in 2.3.10 PPW Recycling Flows in Sweden, the reliability of PPW recycling flow data is 
negatively impacted by the dissimilarities in calculation and estimation methods between sources. For 
instance, the figure 325,000 tons is built by SMED (2019) by adding the estimated amounts of PPW in 
the bulky waste and MSW to the known amount of PPW collected through FTI. However, as the PPW 
estimations are imprecise, and FTI’s PPW collection includes wrongly sorted non-PPW materials, the 
calculations are far from exact. Furthermore, the reject rates for Sorting and Washing and granulation 
are rough estimations by Svensk Plaståtervinning in Avfall Sverige 2020:03 (2020, p. 11). It is likewise 
difficult to assess and compare the purity rates of different PPW streams, and there is a need for a better 
understanding of how source separation and ACS impact the purity rates of the sorted out materials. 
Therefore, there is a need for an integrated analysis of Sweden’s PPW material flows. However, this 
study’s compilation and visualisation of the available data is a first step towards gaining a better 
understanding of the situation. 
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6. Conclusions 
The aim of this thesis was to investigate if and how ACS could be implemented in Sweden in order to 
increase the amount of PPW material recycling and reduce amount of WTE GHG emissions. In this 
chapter, the research questions will be answered along with ideas for future research and a few final 
remarks. 

6.1 Research Question 1 
What are the key drivers, barriers and possible solutions for implementing ACS in 
Sweden? 
The main driver for implementing ACS is GHG emission reductions. The most important reason for this 
is that the Swedish government has adopted a Climate Law, with an Emission Target to become net 
GHG neutral by 2045. Therefore, energy companies that are using energy recovery to deliver district 
heating are encouraged to reduce the fossil plastics content of their WTE fuel. The fact that the energy 
companies often are publicly owned adds to this incentive, especially since municipalities sometimes 
have even more ambitious GHG emission targets than the national ones. 

Ambitions for increased plastic material recycling are another driver, albeit to a lesser extent. The poor 
market for secondary plastics provides a weak economic incentive for increased plastic material 
recycling, meaning that the ambitions are primarily environmental and tied to EU and national targets 
for PPW recycling.  

The barriers for implementing ACS are mainly financial, in terms of high ACS investment costs, and 
organisational, since a large-scale ACS implementation will require extensive inter-municipal 
collaboration and logistics. Legislative challenges related to the EPR could also be hindering, as the 
producers, who are responsible for the PPW collection, are unable to finance ACS under the current 
EPR regulation directly.  

Solutions to the economic barriers include municipal co-financing, indirect producer financing and 
seeking financing through green governmental investment grants. The organisational barriers can be 
solved through active leadership from the regional waste companies and well-designed logistics 
networks. A solution to the legislative barriers around EPR could be to allow producers to use and 
finance ACS as a collection method. This could be achieved either by changing the LCS guidance in 
order to let the producers finance ACS directly themselves, or by letting them indirectly finance ACS 
by purchasing the extracted raw material from another actor. 

6.2 Research Question 2 
To Which Extent Can Automated Central Sorting Increase Plastic Packaging Waste 
Material Recycling and Reduce Waste-to-Energy Greenhouse Gas Emissions in 
Sweden? 
The current collection system for PPW in Sweden is performing poorly, and it is unclear which impact 
the PCC-extension will have on improving it. Automated central sorting is an attractive way of 
increasing the PPW collection, and the large volumes of PPW in Swedish MSW create a good potential 
for an ACS implementation. However, which effect an increased PPW collection has on material 
recycling and WTE GHG emissions depends on how the other parts of the recycling system are set up.  

ACS will not be able to increase PPW material recycling significantly unless other parallel actions are 
being taken. This includes initiatives in design for recycling, in order to improve the recyclability of the 
collected plastic packaging, and measures for increasing the demand for recycled plastics, in order to 
create a better functioning secondary material market. 

ACS can reduce the energy recovery induced GHG emissions for a WTE facility by decreasing the 
volume of fossil plastics in the waste used as fuel, but if the rest of the recycling system is not aligned 
with the goal of GHG reduction, there is a risk that the sorted out PPW will be energy recovered 
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somewhere else. Furthermore, the large volumes of reject in the different stages of material recycling 
will severely hamper the net GHG reduction impacts of any ACS effort unless they are corrected. 
Therefore, parallel and holistic efforts for creating a more efficient recycling process should be 
mandatory for any ACS implementation.  

Finally, a common language, better KPIs and transparent information flows are vital components for 
accomplishing any improvements in the current recycling system 

6.3 Final Remarks 
ACS should not be treated as a quick-fix solution to the problem of PPW in the MSW, nor is it a remedy 
for the root of the problem, which is that too much, and too low quality, plastic packaging is being put 
on the market in the first place. No number of ACS plants will be able to correct that. However, it seems 
like we are stuck in a plastic society at least for the coming years, and new solutions, such as ACS, can 
be helpful to tackle the challenges that come with it.  

If Sweden wants to use ACS as a method to collect more PPW, then the PPP should be applied as it is 
intended through the WFD. Exactly how a PPP-compatible ACS financing model can be integrated into 
the EPR needs thorough investigation, but Sweden, being one of the countries pioneering the EPR, 
should have good chances at succeeding at it. 

6.4 Future research 
During the work with this thesis, several ideas for further research surfaced. Firstly, an integrated study 
of Sweden’s PPW material flows, as described in section 5.11 Key Finding 11, is needed. Secondly, an 
interesting topic could be an investigation of potential integration of the PPP with ACS, and how this 
would be handled within the EPR. Thirdly, one could investigate the interaction between the incineration 
tax and the ETS or, fourthly, conduct a scientific comparison of the material purity levels of ACS versus 
source separation. Finally, an exploration of the potentials of using ACS in countries with less developed 
waste management systems could be of great interest. 
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Appendix A – Interview guide 
Intro & background 

• Are you OK with using your real name in this research?  
• Is it OK if I record the audio for later transcription? 
• You will get to approve all quotes from this interview before the research is published. 
• You may change your mind or cancel the interview at any time. 

1. What is your position at your current workplace? 
2. How long have you been working there? 
3. What are your responsibilities? 

 

Plastic recycling 

4. What is your opinion on the current system of handling plastic packaging waste in Sweden? 
a. What do you think of the EPR? 
b. Source separation vs co-mingled? 

5. What should we do in order to materially recycle more of the plastic packaging waste?  
a. What are the main barriers? 
b. How can we decrease rejects and improve the quality of secondary materials? 

6. Do you think we will see more policies to promote recycling of plastic packaging in the near 
future? Which ones? 

 

Automated central sorting 

7. Do you think Automated Waste Sorting of residual waste is a viable way forward in Sweden? 
a. What do you think are the main drivers for this development?  
b. What do you think are the main barriers to the implementation? 
c. What do you think are the main solutions for overcoming these barriers? 

 

 





 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


