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Abstract 

Tyre rubber is a lightweight, elastic, shock- and noise absorbing, UV resistant, insulating material with 

high tensile strength that perform well in a broad range of temperatures. These are all valuable 

qualities that point to the benefit of recycling and reusing the material in high quality products and 

applications for as long as possible.  

 

Technological progress and development of products often leads to high tech solutions, aiming for 

optimised comfort and safety. Unfortunately, this might complicate the recycling and possible end-of-

life applications for new products. For instance, the European Tyre & Rubber Manufacturers 

Association (ETRMA) has raised awareness to recyclers and granulators that self-sealant liquids 

obstruct recycling and lead to heat build-up and potential fire hazards. Tyre manufacturers therefore 

recommend that sealant tyres are collected separately and sent to energy recovery, how and by whom 

is not yet decided. This master thesis provides an overview of the changes demanded in the waste 

management of tyres to increase the reusability and which barriers that most frequently derail or slow 

it down. The research is built on circular economy strategies that aims for closed loop tyre recycling 

and evaluate to which extend this can be obtained when using artificial intelligence and image 

recognition to sort scrap tyres in the recycling facilities. The sorted tyres enable an end-of-life 

application that is specially design for varying tyre qualities.  

 

The reusability of post-consumer tyres can increase if combining material knowledge with pre-sorting 

of tyres to suit niched applications. The more material knowledge, the higher the quality of the 

reclaimed rubber and the modified, upgraded and refined materials can be recycled in high quality 

applications, optimal as feedstock in the production of new tyres. It can appear hard to use image 

recognition to distinguishing small labels on scrap tyres, nevertheless, sorting results provided when 

identifying the 3PMSF label showed high prediction rates, 87.3% of the existing 3PMSF labels was 

identified and only 1.6% predictions were false. Regardless of the sorting possibilities, material 

recycling of rubber is hard, especially when aiming for high quality products. The most promoted 

treatment is devulcanisation, having the highest possibility of recirculating scrap tyre rubber in the 

production of new. The main barrier is the three-dimensional crosslink structure in the rubber that is 

hard to break without damaging the polymers in the devulcanisation process. There are many new 

trends and technologies within scrap tyre recycling. Jointly, the efficiencies need to be higher. Other 

obstacles to overcome include; political constraints, the negative reputation that tyre rubber is a 

hazardous material, high costs pricing in relation to virgin feedstock materials and end-of-life 

application that can handle the huge amount of scrap tyres being discharged yearly. Massimo Cialone, 

product developer at Hankook Tyres captured the lack of regulations and political ventures when he 

at this springs Future Tyre Conference said, “We need legislation!”. 

 

The car industry is going towards a new era, autonomous cars are expected in the near future and 

regulatory requirements are forcing mobility towards electric vehicles. Moreover, congestion in cities 

and mobility needs are pushing a shift towards shared mobility. With so many unknown trends it is 

not yet possible to forecast the future of tyre development, neither to predict which new materials 

that might aggravate the recycling of scrap tyres in the future. Therefore, the advantages of an 

autonomous sorting platform that can be updated whenever new tyres and sorting approaches are 

identified is a great investing for Ragn-Sells.  
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Sammanfattning   
 

Däckgummi är ett lätt, elastiskt, stötdämpande, UV-beständigt material med hög draghållfasthet som 

fungerar bra i ett brett temperaturspektrum, samtliga värdefulla egenskaper som bör återanvändas i 

produkter och nya applikationer av hög kvalitet så länge som möjligt.  

 

Teknologiska framsteg och utveckling av produkter leder ofta till högteknologiska lösningar som syftar 

till optimerad komfort och säkerhet. Tyvärr kan det komplicera återvinningen eftersom ny teknik 

tvingar återvinningen att hantera de nya, mer komplexa materialen. Detta examensarbete ger en 

överblick av de förändringar som krävs inom avfallshanteringen av uttjänta däck och presenterar vilka 

åtgärder som krävs för att öka återanvändbarheten av däck, samt vilka hinder som ofta försvårar 

återvinningen. Forskningen bygger på hur cirkulärekonomi i kombination med sluten däckåtervinning 

kan optimeras med hjälp av artificiell intelligens och bildigenkänning för att sortera de däck som 

samlas in av Ragn-Sells för att därefter återanvända däcken där dess egenskaper bäst nyttjas. 

 

Återanvändning och återvinning av däck kan öka om man kombinerar materialkunskap med sortering 

av uttjänta däck baserat på de varierande egenskaperna för att sedan passa olika typer av återvinning 

och applikationer. Ju mer materialkunskap, desto högre kvalitet kan det återvunna gummit få och de 

modifierade, uppgraderade och raffinerade materialen kan sedan återvinnas i applikationer av hög 

kvalitet, optimalt som råmaterial vid produktion av nya däck. Det kan tyckas svårt att använda 

bildigenkänning för att skilja små symboler på uttjänta däck. Trots förutsättningarna återfanns 87,3% 

av de befintliga 3PMSF-symbolerna och endast 1,6% av prediktionerna var falska. 

 

Materialåtervinning av gummi är svårt, särskilt när produkter av hög kvalitet eftersträvas. Den mest 

lovande återvinningsprocessen av däckgummit är devulkanisering som möjliggör återcirkulering av 

återvunnit däckgummi till produktionen av nya däck. Den största utmaningen vid devulkanisering av 

däckgummi är den tredimensionella tvärbindningsstrukturen som är svår att bryta utan att skada 

polymererna i devulkaniseringsprocessen. Det finns många nya trender och tekniker inom återvinning 

av uttjänta däck, gemensamt är för låga volymer och effektivitet. Andra hinder som försvårar optimal 

däckåtervinning är; politiska begränsningar, det negativa rykte att däckgummi är ett farligt material, 

höga prissättningskostnader i förhållande till jungfruliga råmaterial och applikationer för återvunna 

material som kan hantera den enorma mängden däck som återvinns årligen. Massimo Cialone, 

produktutvecklare på Hankook Däck summerade bristen på förordningar och politiska satsningar när 

han vid vårens däckkonferens Future Tire Conference sade, ”Vi behöver lagstiftning!”  

 

Bilindustrin går mot en ny era, autonoma bilar förväntas rulla på våra gator inom en snar framtid, 

myndighetskrav driver fordonsindustrin mot elfordon och trängsel i städer och mobilitetsbehov driver 

ett skifte mot delningsekonomi även när det gäller fordon. Med många okända trender är det ännu 

inte möjligt att förutsäga framtiden för däckutveckling och inte heller vilka nya material som kan 

försvåra framtidens däckåtervinning. Fördelarna med en autonom sorteringsplattform som kan 

uppdateras när nya däck och sorteringsmetoder identifieras är en stor fördel för Ragn-Sells som 

handskas med en mängd avfall av produkter i ständig utveckling. 
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1. Introduction 

In this section, an overview of the changes demanded within the waste management and utilisation 

of raw materials will be explained, starting from the global perspective and the underlying causes. 

Throughout the introduction, the circular economy approach and how artificial intelligence can play a 

big role in the transition will be discussed. Lastly, the case study within tyre recycling in Sweden will 

be introduced.  

1.1 Population growth 

Today, the world population has almost reached 7.7 billion people (Worldometers, 2019) and it is 

estimated to reach 9.8 billion by 2050 (United Nations, 2017). The rapid growth of the world 

population is a consequence of the demographic transition where societies transformed from 

agricultural to industrial in the 1900s (Bongaarts, 2009; Kharas 2011). This resulted in higher 

education, better food production systems and improved public health due to water and sanitation 

regulations, vaccines and antibiotics. The technological progress continued to accelerate the transition 

in the later 1900s, growing faster than ever (Kinder, 2018; Bongaarts, 2009; Jørgensen & Pedersen, 

2018). 

 

Population growth, technology driven societies and a growing middle class in transition economies 

such as China and India increase the consumption and therefore increases the demands of energy, 

land- and water use, regardless of the earths capacity (Kharas 2011; Kharas, 2017). In the McKinsey 

podcast, one of the episodes is about the circular economy and how important circular business 

models are and will be in the future. In this episode, one of their senior partners Clarisse Magnin, a 

specialist within supply-chain management and retail business stresses the huge consequences and 

resource pressures that the 3 billion increase of people entering the middle-class consumers by 2030 

will address in the global market (McKinsey Podcast, 2016). In Sweden, we live beyond the carrying 

capacity of our planet, we are consuming 4.2 earths every year and the world average is 1.7 planets 

(WWF, 2018). With this said, we are already consuming natural resources from future generations, 

jeopardising their future and the resilience of our planet (Klum & Rockström, 2012). 

1.2 Critical raw materials 

The dependence on resources brought by humans and the industrial base that todays society is 

dependent on, leads to recourses and materials being scarce. Therefore, the European Commission in 

2011 started to list all raw materials that are critical (CRMs) to address the challenges and minimise 

the risk of these being depleted. For a material to be listed as critical, it needs to be a high risk of both 

supply shortage and a substantial dependency by economic sectors (European Commission, 2017). 

Ever since the first list was conducted in 2011, the list has been updated every third year. In 2018 the 

European Commission highlighted the potential of decreasing the CRMs by adapting a circular 

economy approach. This would give a more sustainable use of the CRMs, being one of the goals with 

listing them, encouraging efficient use and reuse of the critical raw materials. The CRMs have 

increased since the list first was written in 2011 and the latest list from 2017 includes 27 materials 

(European Commission, 2015). 
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1.3 Circular economy  

The increased population, consumption and critical raw materials, demand a transition towards a 

sustainable economic paradigm (Klum & Rockström, 2012; Jesus & Mendonça, 2018). This include that 

we utilise the materials that already circulate in our societies (European Parliament, 2018; European 

Commission, 2015; Ellen MacArthur Foundation, 2019b; Ragn-Sells, n.d.(b)). Adapting circular 

business models will keep the materials in the system after the first life cycle ended and thereafter 

used again and again, as long as possible, as high in the waste hierarchy as possible (European 

Commission, 2014; Ellen MacArthur Foundation, 2019b; Dunås, 2018; Larshans & Kihl, 2018). See 

Figure 1 for an overview of the circular economy business model. 

 

 
 

FIGURE 1 - SIMPLIFIED FLOWCHART OF THE CIRCULAR ECONOMY MODEL (DAVIS, 2017). 

A higher circulation of materials is the core principle of the circular economy, redefining growth and 

decoupling a growing society from the traditional linear models; source, design, produce, consume 

and dispose. Materials will need to be fully utilised, reused and recycled within its highest potential 

before downcycled, incinerated or placed on landfills (Jørgensen & Pedersen, 2018; Ellen MacArthur 

Foundation, 2019b). The circular economy is based on the three principles; design out waste and 

pollution, use materials and products as long as possible and regenerate the natural systems (Ellen 

MacArthur Foundation, 2019b; European Commission, 2015). Saying that renting instead of buying 

also is a circular business model where the actual service is still provided. It is shown that the 

conventional linear models are responsible for the increase of resource abundance and that the limit 

of what can be supported by the biosphere is soon to be reached (Klum & Rockström, 2012; Sariati, 

/ Upcycle 

https://www.sciencedirect.com/science/article/pii/S0921800916316597#!
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2017). This is the driver behind many initiatives to develop new business models, circular economy 

being one of the most successful frameworks for this kind of integration, combining economic and 

environmental sustainability (Murray et al, 2015). The Ellen MacArthur Foundation (2013) states that 

24 ecosystem services are depleted or used unsustainable. The circular economy aims for responsible 

consumption of natural resources without compromising on good quality. 

  

It cannot be stressed enough that the circular economy is not a promoter of recycling, being one of 

the least favourable steps in a circular value chain (Ellen MacArthur Foundation, 2019b; McKinsey 

Podcast, 2016). Refurbishment, reuse and secondary-life uses are examples of end of life scenarios all 

more favourable than recycling, saving a greater value of the product or material since these are 

recirculating higher in the loop and therefore closer to the initial value of the product or material 

(Lansink, 1979). 

 

The idea demands and relies on sectors cooperating towards the same goal, questioning entire 

business and how these can be redesigned to favour circular models together with efficient recycling. 

Without strong regulations and stakeholders cooperating, unfortunately, there is no way we will be 

able to reach the goal of a circular economy (Larshans & Kihl, 2018). In 2012, Felix Preston together 

with the Energy, Environment and Resource Governance support this, saying that the “heart of 

business models” require a paradigm shift where close-loop thinking and mainly, sustainability will set 

the standard for new business models. There are many existing documents covering the circular 

economy and its barriers and possibilities. Rizos , et al., (2015) together with the Centre for European 

Policy Studies stated following as the main barriers; environmental culture, financial barriers, limited 

government support, lack of effective legislation, information deficits, administrative burdens and 

relatively low technical skills. Mapping the same issues as Ragn-Sells, stakeholders in the end of the 

value chain (Larshans & Kihl, 2018).  

 

As one of the main barriers for circular economy, it is often cheaper to use virgin than recycled 

materials due to economic incentives that benefit mining of new materials over recycled, adding to 

the need of redesigned value chains and legislation (Larshans, 2019). It needs to be favourable to reuse 

and not to continue using virgin materials. A successful example of a business model that are changed 

from linear to circular is the consumption of music, being streamed instead of producing cd’s, saving 

materials, energy, transports and emissions, providing the same service (Dunås, 2018). How can we 

capture values that otherwise will get lost is a question worth repeating when discussion alternatives 

and redesigning business models aiming for higher circulation. As mentioned, the cross-sector 

collaborations throughout the entire value chain are needed to enable a reformation of linear 

businesses. However, this thesis will focus on the end of life scenarios for increase circulation and 

efficient use of resources. Of course, since the circular economy is dependent on cross section 

collaborations, discussions and interviews, all parties in the value chain will be included to identify 

what possibilities there are in the near future.  

1.4 Swedish waste management statistics 

In Sweden today, materials are being downcycled, incinerated or placed in landfills without utilising 

its properties and the value that has been created in the first life cycle. This is a consequence of, among 

others, shortage of sorting solutions (SCB, 2017). New solutions that can obtain a higher circulation of 

https://www.sciencedirect.com/topics/economics-econometrics-and-finance/occupational-qualification
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materials e.g. waste, utilizing its given properties is crucial for the future, especially when looking at 

the critical raw materials, growing middle class and the decreased resilience of the biosphere (Klum & 

Rockström, 2012; Ellen MacArthur Foundation 2019a). 

  

The legislation regarding waste is being reformulated and in the General Union Environment Action 

Programme for 2020, reuse of materials is promoted over down- and recycling (European Union, 

2013). The newest numbers on waste produced in Sweden is from 2016 and reached 31.9 million 

tonnes waste, 3.2 tonnes per person and these numbers exclude the biggest contributor that is waste 

related to mining activities, standing for 77 % of all waste created (Naturvårdsverket, 2018). Only 21 

% of the waste produced in 2016 was recycled and the main end of life scenario is incineration 

followed by energy recovery and thereafter used in and around incineration facilities for covering 

(ibid).  

1.5 Ragn-Sells - Part of the Eco-Cycle 

Ragn-Sells is the biggest recycling company in Sweden with recycling facilities all over the country. 

2017, Ragn-Sells had sales for more than 3.5 billion SEK. Except from Sweden, the company is active 

in Norway, Denmark and Estonia (Ragn-Sells, n.d.(a)). Working towards a circular economy is a natural 

part of the company, replacing virgin materials with recycled. A big part of the recycling phase is also 

to detoxify the collected waste and ensure its quality before it recirculates in the society. A lot of work 

is related to circular business models and collaborations with value chains and stakeholders pay an 

important role at Ragn-Sells, both local and global (Ragn-Sells, 2017). The Swedish tyre recycling will 

be investigated in collaboration with the recycling company Ragn-Sells and their affiliate Ragn-Sells 

Däckåtervinning.  

 

Working towards a circular economy, one of many initiatives from Ragn-Sells has been to identify 

which waste streams that could benefit from automatic sorting. This to utilise the full potential and 

properties of the materials and to further recirculate as much as possible, as high in the waste 

hierarchy as possible. For this study, the tyre recycling was found interesting to investigate. Ninety 

thousand tonnes worn-out tyres were collected last year, passing through the recycling steps and 

different end-of-life applications without any sorting, even though the substances of the tyres vary 

(Ragn-Sells Däckåtervinning, 2019). Therefore, further research and tests in relation to the tyre 

recycling and future opportunities was asked for. This thesis is a part of that evaluation. 

1.6 New technologies and sorting possibilities 

With new developments in artificial intelligence, machine learning and autonomous sorting 

technologies, the ability to perceive valuable components for the downstream customers has 

increased, facilitating to distinguish materials with varying substances and properties. For one, it can 

be used to enable higher circulation of critical raw materials and more specific sub-flows can be sorted. 

This kind of automatic sorting is also needed when substances in some products are changing, giving 

problems in recycling factories. In this thesis, the possibilities to sort the mixed worn out tyres using 

image recognition and its possibilities to accelerate the transition towards a circular economy is 

evaluated.  
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1.6.1 Machine Learning and Artificial Intelligence 

New technological solutions are an important driver when changing a linear value chain to a circular 

(Preston, 2012). Deep technological knowledge will create more abstract and complex products but 

can also create products that are well thought and produced to sustain longer, facilitate refurbishment 

and prolong lifetime. The possibilities are endless. 3D-printing new treads instead of changing the 

entire tyre is one option. Another is to design the treads with many layers, filled with hollowed layers 

so that new treads appear then the uttermost layer is torn down.  

 

With artificial intelligence, an umbrella term for any program and computer that can do something 

smart, the possibilities of efficient, fast and big-scale solutions have exploded and can accelerate the 

transition of circular economy, making it more efficient than ever (Ellen MacArthur Foundation, 

2019a). Machine and deep learning is two of the main subsets of artificial intelligence, used widely in 

our everyday life (MathWorks, n.d.). One of the machine learning pioneers Arthur Samuel (1959) 

explained it as “The field of study that gives computers the ability to learn without being explicitly 

programmed”. Like humans, AI can learn to reason, and the more experience and data the computer 

is exposed to, the better the predictions and interpretations will be. Thanks to the development of AI, 

computers understand patterns beyond human capacities, facilitating our understanding and 

providing tools to fasten understanding of complex and abundant data (Ellen MacArthur Foundation, 

2019a). The core of this study is to investigate on how AI based sorting solutions can improve the 

downstream sorting of worn-out tyres and in particular, when using machine learning and image 

recognition. 

 

The idea behind image recognition is to collect enough data for a computer to understand and find 

regularities in the images presented, obtained by using computer algorithms. To succeed with this, 

images or parts of the images are classified and categorised to set which differences that is supposed 

to distinguish one category from another (Simon, 1983; Cheng, et al., 2018; MathWorks, n.d.). 

Therefore, the first step is the supervised learning phase where images are manually labelled, and the 

computer is fed with information of which image that should be mapped under which category. 

Thereafter, after labelling and learning the data what to look for, the unsupervised learning phase 

starts and hopefully, the computer can now identify the categories without any further information. 

 

The first step is therefore to make a database with pictures of the object being studied. To succeed 

with an image recognition project, it is important to have a big dataset of pictures on the studied flow 

in the training set where the computer is fed with information. The more pictures, the higher the 

chance is to succeed. Thereafter, the prediction rate and the computers understanding will constantly 

increase with the number of images used in the training phase. It is therefore crucial that pictures of 

the same item/logo/text or whatever the categorisation will be built on is given in different models, 

colours, designs, conditions and apparels. This to give the computer prerequisites to understand and 

enable categorisation of as many of the new data as possible. Eventually, the software will be able to 

draw its own conclusions, hopefully better and faster than a human. Depending on the complexity and 

the variation of the items the computer is trained to sort, the images needed succeed will vary, 

increasing with complexity and variations of the item. It is common that the training set will change 

some and additions is often needed to get the accuracy and computer understanding as wanted. 
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Therefore, validation is a recurrent phase in image recognition to ensure that the computer 

understands the right variations of the images in the training phase.  

 

To explain image recognition in other terms, it can be easier to understand if referred to ourselves 

and our learning patterns. A child has seen just one cat, and the cat is small and brown and seated 

right in front of the child. If the child the day after sees another cat, black and seated faced away from 

the child, the child will most likely not know that this cat, is also a cat. However, that day the child 

learns that the black cat, seen from behind is also a cat, and new information is added to the cat-

category. The day after that, the child sees a cartooned orange cat in a book. Maybe, the child has 

enough information that cats can have different colour and sizes and understands that the cartooned 

cat is also a cat. Perhaps not. If not, this new information will also be added to the cat-category. 

Eventually, the more cats the child sees, the bigger the training set has been and the bigger is the 

chance that the child will recognise a new cat, regardless of size, colour or appearance. Exactly as for 

the computer when training algorithms with images. The actual methodology for this case study, 

training the computer to distinguish a specific symbol on winter tyres is properly explained in the 

methodology in this thesis. To enable a learning phase suitable for the scope of this project, a small 

production line is built related to this project. 
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2. Thesis outline 

The main parts of the thesis are compiled as follows; 

 

  

Introduction – Why 

circular economy? 

Tyre recycling - New demands & sorting possibilities 

Artificial 

intelligence 

Case specific background – Ragn-Sells, tyre recycling and identified issues 

Methodology 

Literature Review Pilot project – Building 

sorting line for scrap tyres 

Questionnaire - 

Tyre producers 

RESULTS 

Scenario 1  

-Pyrolysis 

 

Future Possibilities Scenario 2 

-Devulcasnisation 

Discussion & future recommendations 
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3. Aim & Objectives 

Tyre rubber is a lightweight, elastic, shock- and noise absorbing, UV resistant, insulating material with 

high tensile strength that performs good in a broad temperature spectrum, all valuable properties that 

should be reused in high quality products and applications for as long as possible. How this can be 

obtained, as recyclers in the end of the value chain is the core focus of this thesis.  

3.1 Aim  

The common purpose of this study is to present which actions that are needed to increase the 

reusability of post-consumer tyres. 

3.2 Objectives 

Three main objectives are compiled as follows; 

 

• How can AI solutions in the recycling phase support the circular economy? 

- Identify difficulties for the down-and recycling of scrap tyres. 

- How can the end-of-life scenarios be more efficient using image recognition and which 

changes are required? 

 

• Identify the accuracy of the autonomous decision engine, mastered by the model that uses 

machine learning and image recognition with the object detection approach to identify the 

3PMSF label on scrap tyres. 

- How many false positives are identified? 

- How many 3PMSF are not detected by the software? 

- Identify the main issues when using image recognition on scrap tyres. 

 

• Combine the results given from the literature study and the sorting possibilities when sorting 

the 3PMSF on scrap tyres to simulate two future scenarios.  

- Maximal reusability of scrap tyres if all summer tyres are shredded and thereafter shipped 

to Euro Eco Fuels pyrolysis plant. 

- Maximal reusability of scrap tyre rubber if the granulates are devulcanised and substitute 

30% of the virgin feedstock in the production of new tyres. 

  



9 
 

4. Case specific background 
Driving forces behind the tyre sorting initiative and other additional tyre information required to fully 

understand the challenges in the recycling of worn-out tyres is presented in this part of the 

background. The thesis will focus on the Swedish tyre recycling and its future opportunities, aiming 

for higher reuse and recycling possibilities. Nevertheless, this depends on international collaborations, 

legislation and other stakeholders and therefore, these are also included.  

4.1 Tyre recycling in Sweden 

Tyre recycling is one of many areas where Ragn-Sells are operating. In Sweden, there are 7 facilities 

working with tyre recycling. The main down- and recycling of tyres occurs in Heljestorp, Vänersborg, 

where the only granulate facility is located. The worn-out tyres are used in many fields, most common 

is energy recovery, favourable due to low costs and high energy content (Ragn-Sells Däckåtervinning, 

2019; Naturvårdsverket, 2018; Sienkiewicz, et al., 2012). In European countries, between 35-38% of 

scrap tyres are used in some kind of energy recovery process (ETRA, 2019).  

 

The mechanical treatment at Ragn-Sells tyre recycling, separating out the principal components of the 

tyres, approximately 70% is rubber granulates/powder, 15% steel and 15% textiles (Ragn-Sells 

Däckåtervinning, 2019) This is a mechanical separation and is therefore not representing the same 

ratios as the actual tyre compounds, for example the rubber extracted in the recycling processes 

include of the natural rubber, synthetic rubber and carbon black/silica together with plasticisers and 

other substances added to the rubber mixes (Sawari, 2013; Kole , et al., 2017; ETRA, 2019). Depending 

on the end-of-life applications, the tyres are more or less separated and thereafter used in other 

applications. End-of-life rubber granulates are often used as artificial turf in soccer fields and roads.  

Figure 2 illustrates the end of life scenarios for tyres collected by Ragn-Sells in 2018, mapped under 

material recycling- and substitution, energy recovery, and reuse, with the percentage of each. The 

mapping of the end-of-life tyres represent 99 %, very few after life scenarios are not known (Ragn-

Sells Däckåtervinning, 2019). This illustrated the entire tyre, including reuse and recycling of steel and 

textile. Reused and exported tyres only reaches 0.05-and 1% of the End-of-life scenarios and is 

therefore not illustrated or further discussed for the BAU case.  
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FIGURE 2 - BAU AT RAGN-SELLS TYRE RECYCLING 

Since the target for this thesis is reusability of passenger car rubber, Figure 3 illustrates the BAU of the 

end-of-life scenarios of todays rubber recycling. Therefore, excluded is both truck tyres, metals and 

textiles, decreasing material reusability and substitution. The main rubber reusability relates to truck 

tyres being reused as blasting mats, and recycling mainly refers to the entire tyre and its material 

composition (Ragn-Sells Däckåtervinning, 2019; Appendix A.1). What happens with the granulates, 

representing the level 2 recycling at 12 % is not clearly stated and the amount used further in level 3 

and/or 4 level recycling is likely included in those 12 percent, however at low percentage rates and 

not distinguished in the passenger car rubber scenario representing BAU. Shredded pieces that are 

shipped to pyrolysis is less than 1% and therefore also excluded (Appendix A.2). 

 

FIGURE 3 - BAU AT RAGN-SELLS TYRE RECYCLING, RUBBER IN PASSENGER CAR TYRES. 
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In Sweden, tyre producers are responsible for the end-of-life costs due to the producer responsibility 

covering all producers, importers and salesmen, with very few exceptions. The producer responsibility 

for tyres was introduced 1994 so that tyres wouldn’t end up on landfills (Regeringen, 1994:1236; 

Naturvårdsverket, 2019). The company Svensk Däckåtervinning (SDAB) has the responsibility to make 

sure the producer responsibility I fulfilled, working together with all stakeholders in the tyre value 

chain. Thereafter, Ragn-Sells is hired by SDAB to take care of the collection and recycling processes 

(Svensk Däckåtervinning A, n.d.). In 2018, Ragn-Sells recycled 95 thousand metric ton tyres, 

corresponding to 26 thousand tyres every day (Ragn-Sells Däckåtervinning A, 2019). 

 

Re-creating a value of scrap tyres has many advantages and future applications. Properties can be 

used in new products or enter tyre production as feedstock, the latter the primary goal for Ragn-Sells 

(Kihl, 2019). The past decade, global tyre production doubled and almost simultaneously, the natural 

rubber production in Malaysia and India is declining. The emerging gap that might hit the tyre industry 

rapidly has driven producers to look towards high quality recycled rubber and other products that can 

substitute the natural rubber share in tyres (ETRA, 2019).  

 

New materials trying to substitute both natural and synthetic rubber has already been seen today. 

Continental has developed a tyre with rubber made from dandelions that can meet the properties of 

natural rubber (Continental, n.d.). Regardless of new developments that tries to substitute both 

natural and synthetic rubber, the tyre industry stands for 75% of the global rubber demand and 70% 

of the natural rubber demand, carrying the main responsibility (ETRA, 2019; Radke, 2019).  Rubber is 

the main ingredients in all tyres, commonly a mix of natural and synthetic. The mix of rubber and share 

of natural rubber in tyres vary and it is impossible to know the exact ratios of natural and synthetic 

rubber, a competitive market where this kind of knowledge is strictly confidential. However, generic 

data is provided, compiled in following section.  

4.2 Tyre composition 

Tyres contain of vulcanized rubber, reinforcing materials and other substances to ensure that desired 

and safety properties are met. The added substances vary, depending on type of vehicle, brand, 

driving season, placement of the tyre and the desired properties. The European Tyre Recycling 

Association (ETRA), a European organisation devoted to tyre and rubber recycling published early this 

year data representing generic details of tyre compounds in the European market (ETRA, 2019). The 

data reflects the compositions of passenger and truck tyres, listed in Table 1. 
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TABLE 1 - COMPOSITION (BY MASS) OF EUROPEAN PASSENGER CAR AND TRUCK TYRES.  

Materials 

 

Passenger cars (%) 

 

Trucks & busses (%) 

   

Rubber/elastomers 48 45 

Black carbon/silica 22 22 

Metals 15 25 

Textiles ≥5 - 

Zinc Oxide 1 2 

Sulphur 1 1 

Additives 8 5 

   

 

Natural rubber is overrepresented in all tyres, however with varying ratios depending on brand, 

model, driving season etc. Truck tyres have a higher share of natural rubber due to heavier weights 

accelerating heat exchange in the tyres, better managed with natural rubber (Svahn, 2018; Ardefors, 

2019; Nokian Tyres, n.d.).  

 

This study focuses on the sorting of passenger cars, still with high variations of tyre compounds. The 

rubber mainly used in passenger cars are the synthetic Styrene-Butadiene rubber (SBR) alone or a mix 

of SBR and natural rubber (NR). The SBR rubber, originated from petroleum, gives a stable aging, 

abrasion and dynamic properties and the NR, originated from the rubber three Hevea brasiliensis, 

decreases heat exchange and is used to ensure a good UV-resistance. Other kinds of rubber are always 

included in tyres and the blends vary on its location on the tyre, demanding varying properties (Amari, 

et al., 1999; Sawari, 2013; Kole, et al., 2017). The treads are in direct contact with the roads demanding 

high quality and good grip, other part of the tyres demand other properties (Tyre Asia, 2018; Tyre 

Dekho, 2015; Yokohama, n.d.). Isobutylene isoprene rubber (IIR) and polybutadiene (BR) are all 

included in the passenger car tyres to increase durability and strength (Sawari, 2013).  

 

Carbon black is another main compound of tyres, representing somewhere between 22-27 % of the 

tyre material, reinforcing the rubber and increasing the abrasion resistance (ETRA, 2019). Recently the 

carbon black is sometimes substituted with silica, reducing the rolling resistance, however aggravating 

the on-rubber bond. Other reinforcing materials imbedded in the cords beneath the tyre treads are 

steel and textiles, increasing the stability and strengthens the rubber. Finally, plasticisers are added to 

the rubber mixes to increase the wet grip and the tyre-road contact but also to decrease tyre stiffness, 

control viscosity, and improve temperature flexibility. Petroleum oils are a common used plasticiser 

in tyres (Sawari, 2013; Kole, et al., 2017; ETRA, 2019). 



13 
 

4.3 Increased sorting demands  

Today, the agreements on which kind of tyres that Ragn-Sells accept are set together with SDAB. The 

tyres collected for recycling need to be clean. This means that the rims are removed and no unknown 

or added objects, colours, chemicals or other substances are allowed. This responsibility lay with the 

costumers, mainly car workshops ordering pick-ups when the worn-out tyres are replaced (Ragn-Sells 

Däckåtervinning B, n.d.).  However, the clean-tyre agreement only concerns the products added after 

the tyre is produced, not if sealing liquids or similar is a part of the original tyre, a relatively new 

technology that wasn’t developed when the original tyre requirements was decided. Therefore, the 

definition of the original tyre needs to be changed to ensure that these substances do not enter Ragn-

Sells recycling facilities. This is a process and ongoing dialogue with SDAB, and further with the tyre 

producers to find a new way to evaluate the tyres and to cope with this new emerging issue (Svahn, 

2018; Stiernström, 2019; Ardefors, 2019). Change takes time, and in the meantime, solutions at the 

recycling facilities are being evaluated. 

 

Mainly, there are two approaches and furthermore, two reasons behind increased sorting demands 

of scrap tyres. Firstly, the defensive approach, sorting out the tyres that will destroy the recycling 

phase in any way. Some of those tyres are already sorted manually today, for example products that 

are not tyres but still enter the recycling facilities and tyres with liquids added in the user phase to 

enable driving your car to the workshops when flat. An increased manual sorting, extending the 

categories would be possible but extremely time demanding and is not considered in the scope of this 

thesis (Peter Svahn, 2019). The other approach, the offensive, aims to increase the end-of-life 

applications. This is possible with more material knowledge and enables a more detailed sorting than 

the most crucial representing the defensive approach. The more we know about the tyre properties 

and material compounds and polymers, the more material can be matched with optimal end-of-life 

applications, increasing re-usability of scrap tyres (Hoek, et al., 2018). Increased soring possibilities is 

also an investment for the future, establishing knowledge within autonomous sorting that can be used 

in other applications, both within tyre recycling but also on other waste streams (Kihl, 2019). 

4.3.1 Defensive Approach 

Issues within the tyre recycling business are increasing due to new tyre technologies, one is the 

enabling of driving your car with flat tyres using built-in sealants.  The umbrella term for these tyres 

are the self-sealing technology, containing a thin layer inside the tyre rims with a clogging mass, sealing 

the hole immediately and therefore, air and pressure in the tyre will sustain and the drive can 

continue. The sealant material is a very sticky high viscosity component, and these properties make it 

work beneficially to seal the punctures in a tyre, providing the recognized advantages in terms of 

retaining mobility in case of puncture in unfavourable road conditions, and weight reduction due to 

spare tyre elimination (Michelin, n.d.; Continental, n.d.; Pirelli, n.d.). Regardless of the increased 

safety, these solutions bring issues and decreased safety for the recyclers. When shredding the tyres, 

mainly all tyres that are recycled are first shredded in varying sizes, risks of fire increases in the facilities 

and leakage water are getting higher levers of hazardous substances, putting the facilities licenses at 

risk (Svahn, 2018; ETRA, 2019). Today, the self-sealing tyres are not that many, and the issues related 

are few. However, the amount will likely increase, already seen in Germany (Ardefors, 2019). Truck 

tyres are already having a higher share of the self-sealing tyres as a safety guarantee, driving longer 
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distances with heavy loads and it has already given issues for a recycling facility in Landskrona where 

shredding of truck tyres jeopardised license of the facility. Leakage of zinc in the leachate was high 

and the shipping had to end (Stiernström, 2019; Svahn, 2018). If this continues, some kind of sorting 

will be inevitable. If this is made by the car workshops, at Ragn-Sells facilities, by SDAB or a third party 

is not yet decided. Other possibilities are that the tyre producers bring back their own tyres and carry 

the responsibility to solve these issues themselves. Moreover, future technologies not yet known will 

be developed, and new sorting demands will most likely be required.  

 

The sealing liquids and self-sealing labels vary from producers and its compounds are confidential, 

aggravating the action taking when recycling those tyres. Therefore, a manual sorting on these tyres 

will be very time consuming. If this sorting could be made automatic, safety aspects, both for workers 

and facility licenses would benefit. Since the self-sealing tyres don’t have a universal label, a case built 

on these labels would demand to many resources for the scope of this study. This is related to the 

image recognition phase where a big data collection with pictures is needed to train the program. 

Huge amounts of tyres would be needed to find a suitable number of tyres from the same brand that 

also are self-sealing, to be able to collect enough pictures on the specific brands own self-sealing label. 

Therefore, the scope of this project is to distinguish winter- from summer tyres, related to the 

offensive approach. When using image recognition to interpret tyre labels and sort tyres due to its 

properties, the target label can be changed by adding new images and labels to the model. The 3PMSF 

label is the first approach since this is a common label, relatively easy to distinguish and that the 

sorting of summer and winter tyres has a real end-of-life application, more details in the Offensive 

Approach below. 

4.3.2 Offensive Approach 

The offensive approach is focused on optimised end-of-life scenarios and applications for scrap tyres. 

The best scenario here would be to know the tyre compounds and material mixes of all tyres that 

Ragn-Sells are recycling so that the tyre properties can be used where most suitable. Unfortunately, 

this is not possible due to confidentiality of the tyre compounds, the producers main competitiveness. 

Therefore, an evaluation of how the end-of-life applications of scrap tyres can change in relation to 

new knowledge is included in this report.  Both material compounds and substances but also the ability 

of sorting scrap tyres in the recycling facilities and how much future applications and material 

circulation can benefit from a combination of all. A brief introduction is followed, presenting the main 

areas where and how the sorting can increase circular economy within tyre compounds and the main 

results are presented as scenarios, compiled in the result section of this thesis.  

 

The potentials given if/when scrap tyres can be sorted due to their properties are many. The more 

knowledge given to the recyclers, the higher the quality of the material can be in the next life cycle. 

Furthermore, the higher the quality and knowledge of the material, the higher the change to reuse 

without downcycling. For example, regardless of the high energy imbedded in tyres, around 33MJ/kg 

(similar to coal), the losses are still high in relation to what is actually provided when incinerating tyres 

(World Nuclear Association, 2018). In the research of Amari, et al., (1999) they estimated that only 37 

% of the tyres are being fully recovered in the combustion process. Furthermore, they concluded that 

it is more profitable to recycle and reuse the rubber than to use it as fuel, regardless of its high energy 

content. These results are based on analyses of the entire energy life cycle of tyres, considering energy 
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consumed when produced in relation to the energy given when incinerated. This relates to the sorting 

of tyres since more material knowledge will be demanded than when incinerated, especially if the 

tyres aren’t shredded before incinerated in kilns. As mentioned earlier, shredding can be an issue for 

recyclers if many tyres are equipped with self-sealing liquids, included in the defensive approach. 

 

When proceeding to the end-of-life applications that demands more material knowledge it is also 

possible to climb in the waste hierarchy. Aiming high, new tyres will consist of scrap tyres. Of course, 

the best scenario would be to prevent scrap tyres and thereafter to prolong its lifetime (ETRA, 2019), 

however not included in this thesis. Unfortunately, with the technology of today, scrap tyres as the 

main material in new tyres is not possible. Wear and aged materials exposed to oxygen, water, sunlight 

and both physical and chemical stress will not have the same properties as when first produced 

(Galvagno, et al., 2002; Saiwari, 2013; ETRA, 2019). Therefore, not even a company producing a 

specific tyre, knowing the exact compounds, will be able to use that very same material in their new 

tyres. However, the more material knowledge, the easier it will be to predict the breakdowns and 

changed characteristics, facilitating reuse of the recycled materials. The high end-of-life applications 

will only be possible with a high-quality recycling where already treated and separated rubber will 

need further treatments, modifyings and refining the material before used as feedstock in new tyres 

(Shah, et al., 2013; Zaman, et al., 2017; ETRA, 2019). Furthermore, neither the knowledge nor the 

logistics and stakeholder support needed to collect and sort scrap tyres exists today, aggravating such 

a process. This is an early evaluation of the material savings gained if the recyclers had more 

information about the tyre substances and could sort the scrap tyres due to its compositions. 

4.3.2.1 3PMSF 

The target label in this approach, the Alpine Three Peak Mountain Snow Flake (3PMSF) label sets the 

ground for the image recognition evaluation in this thesis and which results that can be expected when 

sorting post-consumer tyres with the object detection approach. The 3PMSF label is a standardised, 

universal winter tyre label controlled by EU authorities (European Union, 2011) and shows that the 

tyre has been undergoing several objective tests, guaranteeing controlled driving on snowy roads and 

in low temperatures. These tests are made according to suit and be approved by the UN/ECE 

regulations.  

 

The 3PMSF have many advantages for the scope of this thesis. The label only appears on winter tyres, 

enabling to meet the request from Ragn-Sells that is to distinguishing winter- from summer tyres. 

Further, since the camera is placed above the tyres when transported on the conveyor belt, only one 

side of the tyre is photographed and a label that is placed on both sides is therefore the best option. 

The person loading tyres on the conveyor belt can do so without searching for the label. The tyres 

observed in the sorting phase had the 3PMSF label placed on both sides. However, no regulations have 

been found stating that the label needs to be placed on both sides of the tyre. Therefore, no 

consideration of this was taken and some tyres might have been lost in the process, if placed with the 

only label faced away from the camera.  

 

The 3PMSF has a common design, a mountain with 3 peaks and one snowflake inside the mountain 

lines. However, size, boldness, proportions and number of labels on the tyres vary. For the image 

recognition learning phase this is optimal. The model is trained on similar images and learn to find 

symbols and categorise those regardless of the variations. Since the tyres are used in many years 
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before entering the recycling facilities, the condition of the tyres will also vary. If the initial symbol was 

identical on all tyres, the model would have a more limited understanding of the label variations and 

would probably not identify labels that are partly covered in dirt or is placed on tyres that are very 

worn. Some 3PMSF variations are shown in Figure 4, both design and wear.  

 

 

 

 

 

 

 

 

 

 

FIGURE 4 - THE 3PMSF LABEL ON THREE TYRES THAT ARE USED IN THE SORTING PROJECT AND WILL 

ENTER RAGN-SELLS TYRE RECYCLING. 

The results for this evaluation will show the accuracy that can be expected when identifying the 3PMSF 

label and no other labels. However, comparable results can be expected if adding new labels to the 

models and software applications since the objects will still be tyres and the label variations will be 

similar. This demands that the other parameters (lightning, camera angles, velocity on conveyor belt 

etc.) are identical to those used for the first 3PMSF model. A changed approach targeting other labels 

and end-of-life applications is a future possibility discussed but is not included in this thesis. However, 

other scenarios than the 3PMSF label sorting is used to create the future scenarios presented in the 

results. 

4.4 Four levels of tyre recycling 

In the latest report from the European Tyre Recycling Association (2019) they categorised the end-of-

life treatments and technologies in four stages. This gives a good overview of the increased complexity 

of the recycling processes when climbing the waste hierarchy of scrap tyres. Of course, there are many 

applications that are possible without a high-level recycling, still a better option than many of the BAU 

applications, however not included in the scope of this thesis.  

4.4.1 Level 1 Recycling 

The most common is the first and lowest level of recycling, mechanical treatment that destroys the 

tyre structure and enable reuse of the material in simple products or as feedstock, commonly 

incinerated or used in civil or environmental engineering. The landfill directive forbids landfill of whole 

tyres since 2003 and shredded from 2006, incineration is therefore the least favourable option for 

scrap tyres (European Environment Agency, 2003; Kohler & Perry, 2005).  

4.4.2 Level 2 Recycling 

The next level of recycling separates the principal components, rubber, steel and textiles that can be 

used as feedstock and in gross products. With these materials separated the amount of end-of-life 

applications increases. Textiles can be used as filling material, the recycled steel is often used as a 
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reinforcer in concrete and the separated rubber blends can utilise its properties in quite concrete and 

sound barriers etc. 

4.4.3 Level 3 Recycling 

The level 3 recycling consists of several treatments and technologies that further processes the 

materials given from the earlier recycling stages, refining and modifying the material characteristics 

to suit the new application. Included in this level of the recycling is mechanical, thermal, chemical, 

mechano-chemical, or multi treatment procedures, including devulcanisation and pyrolysis. 

Devulcanisation is the process that reverse the vulcanisation as far as possible, selectively breaking 

the sulphur bonds created in the vulcanisation process that transforms the liquid virgin rubber to a 

shapable and flexible material. Therefore, devulcanisates have reduced cross-links density to restore 

as many virgin rubber characteristics as possible. The vulcanisation improves both physical and 

mechanical properties and increases the tensile strength and prolongs the rubber lifetime due to high 

resistant to corrosive materials and temperature changes. Unfortunately, risks of damaging the 

polymer is quite high in the devulcanisation process and the mechanical properties of devulcanised 

rubber is, in most cases, poorer when comparing with virgin rubber. The challenge lays in finding the 

exact parameters in the devulcanisation process so that only the desired bonds are broken (Hader & 

le Beau, 1951; Saiwari, 2013; ETRA, 2019). In Saiwaris study on post-consumer tyres and the potentials 

of recirculate these, she concluded that de-vulcanisation is the best way to obtain a circular business 

model within tyre recycling since the process is the most ideal way to recycle rubber. Rubber reclaim 

is often mixed with devulcanisation, threated in higher temperature and share, breaking a higher 

amount of polymer chain that results in poorer recycled rubber. Since it has been stared buy many 

researches in rubber recycling that the devulcanisation results in higher quality and reusability of the 

rubber, the reclaim technology increases the downcycling of the material and therefore, not further 

discussed in this thesis (Saiwart, et al., 2013; Van Hoek, et al., 2018; ETRA, 2019)  

 

Pyrolysis is another technology included in the level 3 recycling where the material undergoes a 

thermal decomposition under inert conditions in an anaerobic environment (Zaman, et al., 2017). The 

materials are heated in an anaerobic process, decomposing without burning where the volatile 

substances releases in gas form and the rest remains in a solid or liquid form. The pyrolysis gives three 

main outputs gas, oil and char (Galvagno, et al., 2002; Kaminsky, et al., 2004; Shah, et al., 2013). Gas 

and oil of high quality similar to the conventional products. The carbon black on the other hand, a 

composition in the char given has significant lower quality than the virgin char used in tyres and needs 

to be refined before it can be used as feedstock in low quality applications (Saiwari, 2013). The low 

carbon black quality relates to the contamination of many inorganic additives in tyres, demanding 

treatment to enable reuse (Shah, et al., 2013). Depending on which recycling material the plant 

targets, the refined material given is either bio‐oil, biochar (enabling black carbon output) or syngas 

(Saiwari, 2013; Zaman, et al., 2017). Pyrolysis is a very complex technology where optimal parameter, 

reactors, temperatures etc. vary from plant to plant. Zaman, et al., experts in the field of pyrolysis 

wrote in the newly published book Pyrolysis (2017) that the pyrolysis technology needs further 

updates and research before used in big commercial applications and today, that the majority is still 

small-scale facilities.   
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With these treatments and technologies, a higher level of material can be used in new application 

with less downcycling required. This kind of recycling can reuse the scrap tyres materials to new rubber 

and carbon products, additives and asphalt etc. but also as a feedstock for the highest level of rubber 

recycling. 

4.4.4 Level 4 Recycling 

The most favourable recycling level enables the scrap tyre rubber to re-enter the tyre production as 

feedstock that is possible after the processes of the 3rd level of recycling. This level of tyre recycling 

refines, modifies and upgrades the material output from the 3rd level of recycling. The devulcanized 

and pyrolised rubber from level 3 is further modified with new treatments, modified heating rates, 

ratios of additives and substances, retentions times and temperatures to suit the current rubber blend 

to ensure a quality good enough to meet the rigorous range of safety requirements for tyres and to 

increase the quantity and quality of recycled rubber (Evans & Milne, 1987; Galvagno, et al., 2002; 

Saiwari, 2013; Hoek, et al., 2018;  ETRA, 2019).   

 

For this study, the main investigations and possibilities investigated relates to the most favourable 

recycling, scrap tyres back to tyre feedstock that devulcanisation and pyrolysis enables, the third and 

fourth level of recycling. Therefore, the future applications and possibilities given from those recycling 

methods will set the ground for the results presented in the future scenarios. However, the sorting of 

tyres is not required to enable the most complex recycling options that enable reuse of scrap tyres in 

new, however the more knowledge of the tyre compounds, the higher quality and productivity can 

the refurbishing technologies achieve. Further, the costs and environmental burdens decreases when 

less additives are needed in the final stages of the refining of the rubber blends. A former partnership 

with the pyrolysis plant Euro Eco Fuels in Poland had to end. The mixed tyres that are shipped from 

Ragn-Sells have varying ratios between summer-and winter tyres depending on season which gave 

issues in the plant due to higher acid content in winter tyres, demanding costly chemicals added, to 

balance those variations. However, all pyrolysis plants are unique and target either carbon black or 

natural oils as the output, so winter tyres are not a common issue for all pyrolysis plants (Stiernström, 

2019). 

5. System Boundaries 

Presented here is the main boundaries that are set to shape this thesis. Throughout the report, 

limitations and system boundaries related to specific part of the study is further explained and 

motivated under each heading. 

5.1 The Circular Economy Approach 

A quite important limitation in this thesis, regarding the shift to a circular economy is that the focus is 

limited to the downstream processes and involved stakeholders.  However, it cannot be stressed 

enough that this cannot be the independent solution since the circular economy needs to be 

supported in the entire supply chain to obtain ideal results. Followed, other important strategies that 

needs to be included such as eco design, stricter regulations simplifying recycled materials will not be 

the focus here, regardless of its important in the shift towards a circular economy.  
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5.2 Limitations in the Methodology 

The exact camera, conveyor belt etc. is not stated here since this information is confidential. The 

chosen product for these very first test is moreover not final but used to get a proper base for future 

investment plans and decisions. 

5.3 Development of software 

Additionally, the models and the software application to orchestrate the autonomous decision engine 

that has been developed throughout the project has been conducted by an external consultant, Niklas 

Johnson from Ferrologic Analytics, hired by Ragn-Sells for this specific project. Therefore, when 

speaking about the models there are no details of the code or work related to that. Artificial 

intelligence and machine learning in general is explained to understand the choice of the methodology 

and to give an overview of the work enabling this kind of evaluation. However, the use, images and 

data collected, labelling and validation of the models and software applications has been a part of this 

thesis and are therefore included in both the methodology, results and possible future scenarios. 

6. Method 

To identify which actions that can contribute to increased reusability of scrap tyres, two studies and 

one questionnaire are included in this thesis. The first is a literature review, the second part is to 

evaluate how accurate a sorting engine based on machine learning and image recognition can be when 

identifying labels on scrap tyres. The latter will pay an important role in future tyre recycling due to 

issues already seen in the recycling facilities when mixed tyres are recycled together. The sorting 

evaluation is a request from the recycling company Ragn-Sells and the issues behind the sorting 

initiative are presented in the case specific background. The questionnaire aims to find out the tyre 

producers interest in working together with recyclers to increase the reusability of post-consumer 

tyres.  

 

Lastly, the opportunity was given to visit the Future Tyre Conference in Köln. Producers, scientist, and 

other stakeholders were present, sharing their thoughts and planned actions towards a sustainable 

tyre industry. The participation at the conference enabled conversations with many involved 

stakeholders and gave an overview of the complexity of the industry and a higher understanding of 

the varying approaches towards sustainability. 

6.1 Literature Study  

The literature studies are based on iterative research to find information related to the entire value 

chain of tyres, gathering information on the state-of-the-art tyre recycling, its limitations and which 

tyre properties and substances that obstruct the recyclability, both generic and specific data. Scientific 

literature has been found on databases provided by KTH, e.g. Primo, ScienceDirect and Elsevier. It has 

also been used to find out more about the circular economy and the underlaying causes. To avoid 

biased analyses and further conclusions in this thesis, the information gathered has been varying 

among tyre producers, recyclers and other stakeholders in the entire value chain. 
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6.2 Pilot test using image recognition within tyre recycling 

This part of the methodology explains the image recognition process, containing the pre-and 

continuous work required. Mainly, this part is related to enable a good image collection to build a 

training set for the software that has been developed parallel with this study. Therefore, section 6.2 

consists of classified information and a short summary is provided for this publication.  

 

Machine learning and image recognition is an iterative process, developed throughout the training 

and validation processes where previous results and predictions rates are evaluated. The continuous 

evaluation of the model shows where more data, images or new approaches are needed to increase 

the model’s accuracy in the training phase. When the training data seems sufficient, the model can 

identify labels and items responding to the aims of the study it is time to test the software with new 

images. Usually, some changes are needed when the first results are shown, extending the training 

set and modifying the software. Some of the issues and fine-tuning possibilities identified in the pre-

validation steps have been crucial to solve to achieve the aims of this thesis. Other fine-tuning 

possibilities have been identified but not included in the scope of this project since the aims were met 

without these, together with time and financial restrictions. The further possibilities identified but not 

implemented in the models to increase the prediction rates have been stated in future possibilities.  

 

In this project, the approach within image recognition has been object detection, meaning that the 

object that distinguish the summer tyres from winter tyres has been manually labelled, the 3PMSF 

shown in Figure 4. This approach is favourable when you aim to identify the location of a specific 

object in an image (Hulstaert, 2019). The other approach is called image classification and not used 

since, with this approach the program read in the entire picture, identify all variation between the 

images and thereafter the software itself finds the variations between the categories summer and 

winter tyres that’s set by the developer. This means that the software would need to identify that the 

significant recurrent difference is the 3PMSF symbols structure. Since every tyre is full of labels, text 

and symbols, this approach would demand an extreme number of tyres. Additionally, there might be 

other differences between summer and winter tyres more obvious that the software would identify 

instead, for example the studs or rims. 

 

To enable tests on the possibilities within downstream sorting of worn-out tyres, a small production 

line has been built together with Ragn-Sells. The main items here are; camera, conveyor belt, lighting 

and a computer where images are saved. The camera is placed above the tyres when laying down on 

the conveyor belt to capture the labels that are on the tyres, on the same side as the rims are placed. 

Approximately 12 000 tyres have been transported to the pilot facility in Åkersberga to be used in this 

project. To facilitate the labelling process, the winter tyres were sorted manually before the images 

was collected. For the entire image collection phase, everything except the tyres being photographed 

was identical. Same speed on the conveyor belt, camera settings, lightning and distances between 

camera, tyre and lightning.  

 

The final validation consists of evaluating all tyres that might enter the recycling facilities to see how 

well the models and software applications behave. Both in finding the label but also how accurate the 

findings are. This validation is used to evaluate the final models with a mixed tyre stream of 1466 tyres 
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simulating the real scenario. The images used in this validation phase are not used in any of the 

previous learning phases.  

6.2.1 Production line 

----- Confidential text ----- 

----- Confidential Figure 5 - Overview of the image collection phase ----- 

6.2.2 Tyre sorting  

----- Confidential text ----- 

6.2.3 Image collection 

----- Confidential text ----- 

6.2.4 Labelling and validation 

----- Confidential text ----- 

6.2.4.1 Tyre classifier - learning and pre-validation phase 

 

----- Confidential text ----- 

----- Confidential Figure 6 - Labelling tyres ----- 

----- Confidential Figure 7 - Simulation of cropped tyres ----- 

6.2.4.2 3PMSF classifier - Learning and pre-validation phase 

 

----- Confidential text ----- 

----- Confidential Figure 8 - Labelling Tyre symbol ----- 

6.2.4.3 3PMSF - New approach 

 

----- Confidential text ----- 

----- Confidential Figure 9 - New labelling approach ----- 

6.2.4.4 Final validation  

 

----- Confidential text ----- 

6.3 Questionnaire 

The questionnaire aims to find out more about the tyre producers thoughts and future plans within 

tyre recycling, new products and interest in working together with recyclers to increase the reusability 

of post-consumer tyres. The questions provided are related to some of the new technologies that 

obstruct recycling which changes that can be expected and/or influenced that couldn’t be found in 
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earlier research. The questions are written to suit the concept of structured interviews, aiming to get 

answers on very specific questions and therefore, no open questions or answers are desired in this 

part of the thesis (Lantz, 1993).  

 

The questionnaire is built on 17 questions presented in Appendix B. The tyre producers contacted are 

shown in Table 2. The first limitation was set regarding the size of the company, and if these tyres 

where found in the collection of the approximately eight thousand tyres that has been shipped to the 

facility in Åkersberga. Agewall & Wallgren (2019) evaluated the release of microplastics from tyre wear 

on some of the tyres shipped to Åkersberga, related to another project requested by the Swedish Road 

and Transportation Research Institute (VTI). They went through 459 tyres and shared their data, 

including tyre brands. Most of the tyres belonged to x brands, used to set the final limitation of which 

tyres producers to reach out to.  

 

TABLE 2 - TOP 6 TYRE BRANDS SHIPPED TO THE RECYCLING FACILITY IN ÅKERSBERGA.  

Tyre Producer 

 

 

  

Michelin NA 

Continental/Gisslaved Answer  

Nokian Answer 

GoodYear Answer 

Bridgestone Forwarded to ETRA 

Pirelli NA 

  

7. Results  

In this section, results from each subpart of the thesis are presented, followed by three scenarios that 

combine the outcomes of the study and covers the main objectives. It also includes the key findings 

related to the literature review that summarises possibilities within recycling of scrap tyres, focusing 

on rubber reusability.  

7.1 Image recognition 

The sorting results indicates what to expect when using image recognition to sort scrap tyres. Of 

course, if sorting tyres with other labels, cameras, number of images etc. will influence the sorting 

results and further, parameters can be changed to optimise the prerequisites and change the accuracy 

on the distinguished tyres. In this section, the main results and learnings of the 3PMSF sorting is 

presented. Section 7.1 consists of classified information and a short summary is provided for this 

publication. 

https://sv.bab.la/lexikon/engelsk-svensk/prerequisites
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In the final validation phase, the predictions from the autonomous decision engines has been manually 

validated to see how good the model can predict the 3PMSF symbols. For this validation, the model 

was given 2077 images on tyres that never had been shown before.  

7.1.1 Validation  

----- Confidential text ----- 

 

TABLE 3 - VALIDATION TERMS. 

Clarifying Validation Terms   

 

  

True Positive Identified existing 3PMSF 

False Positive Identified non-existing 3PMSF 

True Negative Correct prediction of non-existing 3PMSF 

False Negative Missed existing 3PMSF 

  

 

----- Confidential Figure 10 - Tyre images fed to the decision engine software ----- 

7.1.1.1 Winter tyres 

----- Confidential text ----- 

 

TABLE 4 - PREDICTION AND VALIDATION OF WINTER TYRES. 

Prediction & Validation – Winter Tyres 

 

 

 

  

True Positive   678 

False Positive 11 

True Negative   7689 

False Negative 96 

 

Labels identified right: 678 of 689 ~ 98.4 %  

Labels found: 678 of 774  ~ 87.6 %   

 

 

 

 

 

 

----- Confidential Figure 11 - True positives identified by the autonomous sorting engine ----- 
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----- Confidential Figure 12 - False positives identified by the autonomous sorting engine ----- 

---- Confidential Figure 13 - False negatives, labels not identified by the autonomous sorting engine ---- 

7.1.1.2 Summer tyres 

----- Confidential text ----- 

 

TABLE 5 - PREDICTION AND VALIDATION OF TYRES THAT LACK THE 3PMSF. 

Prediction & Validation – Summer Tyres 

 

 

 

  

False Positive 12 

True Negative   ~ 11788 

  

 

7.1.2 Key learnings 

During the image collection phase and further, in the validation steps, many challenges were 

identified. The main learnings relate to identifying which aspects that affect the result, and the most 

curtail ones were solved throughout the process. Image quality is crucial for the image recognition 

phase, and with higher sharpness on the collected images, indicates are that the accuracy and 

identified labels would increase. However, due to time and financial restrictions, this is learnt but not 

included in the scope for this study since the prediction rates and accuracy on identifying the 3PMSF 

was sufficient for this analyse and results good enough for Ragn-Sells to decide on a future investing. 

Key learnings when identifying the 3PMSF label on tyres; 

 

----- Confidential text ----- 

7.2 Questionnaire 

The second limit, followed by the producers that have been contacted for this study was set by the 

producers themselves. Answers are given by Nokian Tyres, Continental and Goodyear. The answers 

given is summarised in this section where the key learnings are stressed, important to consider in the 

development of the autonomous sorting engine and what can be expected in relation to new 

technologies and other aspects to be considered. The entire version of the written answers is 

presented in Appendixes B:1-3. 

 

Important when using image recognition to sort tyres is to map the labels to be considered and how 

these might change. If the labels are changed, in this case the 3PMF, all images and training models 

will need to change. There are no plans on changing the 3PMSF, however a new target label is 

considered by Ragn-Sells to target in the future, the self-sealing label to ensure safe work conditions 

and high-quality material in the recycling phase. These labels are unlike the 3PMSF not universal and 

therefore, the tyre producers have been asked if there are any plans on changing the label. Common 



25 
 

for Nokian, Continental and Goodyear is that the label hasn’t been changed since first introduced and 

there are no plans in changing the label. Further, the number of self-sealing tyres on the road today 

are few but increasing. Nokian and Goodyear estimated less than 1% self-sealing tyres on the roads 

today. Goodyear anticipate that the self-sealing tyres can be expected to represent 1.5% of the tyre 

market in five years, Continental estimated that the self-sealing tyres already reached 2-3% of the 

tyres in the passenger car market. They also stress that the self-sealing technology is limited to a niche 

market driven by the demand of car manufacturers and that the future is hard to predict. The car 

manufacturers are using self-sealing tyres to push other environmental goals such as reducing the 

need for a spare wheel and thereby reducing the CO2 footprint of their cars. Today, only a few car 

manufacturers use self-sealing tyres and therefore it is too early to anticipate the future demand for 

them.  

 

When asking the tyre producers questions related to the recycling phase and interests in 

collaborations, the answers was quite similar. Nokian Tyres, Continental and Goodyear are all willing 

in some kind of collaboration, depending on the project layout, partners, expertise, resources, cost, 

etc. Continental explicitly said that they are willing to support any project that seeks better utilization 

of end-of-life tyres and their component parts, already participating in an international working group 

that is focused on these issues. Nokian said that, at the least, a knowledge sharing collaboration is 

interesting. Regardless of the recycling options and reusability of scrap tyres, the producers focus is in 

tyre production of new tyres, not recycling. However of course a continued work with other 

stakeholders is crucial to improve the solutions and processes involved in the recycling phase and the 

interest of taking back their own tyres for recycling is not of interest. 

 

The answers and producers view on future tyre recycling support the autonomous sorting initiative to 

increase reusability and that it is the recyclers that will need to be the main drivers. Positive is that 

Nokian, Continental and Goodyear are positive to a future collaboration and to contribute, in some 

way, to the sorting initiative. Of course, this will need further dialogues, contracts and clearly stated 

objectives. With the insecure future market, both related to self-sealing tyres, electronics and other 

new tyre developments to be introduced, the ability to sort tyres and to change the target labels is 

important for the future reusability of tyres. Common is also that the amount of electronics and 

sensors will increase, and that it would be profitable to sort those out to reuse or recycle these 

manually, increasing the valuable of a sorting platform that can be modified to suit the changed tyre 

market, going towards automobiles and energy cars with new tyre demands. 

7.3 Future Scenarios 

The results will be presented as two future scenarios, showing optimal tyre recycling of passenger car 

tyres if combining the highest share of recycled rubber in the production of new tyres with the 

possibility of sorting scrap tyres, in the two ways, simulated in the scenarios. Since truck tyres are 

separated manually according to BAU, these are not included in the simulated scenarios. One percent 

of the rubber collected is directly exported (entire tyres) and one percent is lost somewhere, the 

scenarios BAU and the simulated scenarios are all with the 98% input of scrap tyres. The scenarios 

presented will have different targets on the reusability, however all aiming for increased circular 

economy of post-consumer tyres. Since the evaluations are based on material reusability, both 

scenarios and BAU is presented as remaining material in the system after four life cycles, 4.5*4 years 
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since each cycle represents the common lifetime of a passenger car tyre (Ardefors, 2019; Svahn, 2019). 

The material percentage used as energy recovery is therefore lost to the next cycle since the table 

only represent the rubber remaining after each cycle, four in total. In the scenarios it will be clearly 

stated if the material is reused in high or low applications. 

 

The four levels of recycling presented earlier, developed by ETRA for tyre recycling in particular include 

energy recovery in the lowest level of recycling, e.g. civil engineering since no or very little treatment 

is needed. However, for the scenarios representing material reusability, these cannot be included in 

the same category and therefore, incineration has been distinguished from the low-quality reuse of 

the material. Using ETRAs levels of tyre recycling to simulate rubber reusability has been chosen since 

this thesis aim to identify and increase material reusability and therefore, the recycling applications 

needs to be distinguished.  

7.3.1 Scenario 1 

The first scenario represents the sorting that distinguish summer- from winter tyres, requested by 

Ragn-Sells to enable a shipping of only summer tyres to Euro Eco Fuels pyrolysis plant. Euro Eco Fuels 

is focusing their pyrolysis on bio-oils, further used as transportation fuels and new commodities. 

Energy generation offsets are the main application, e.g. natural gas, petroleum and coal, standing for 

66% of the recovered output. Carbon fillers represent the rest (Euro Eco Fuels, 2016). Ratios of 

recovered material from the pyrolysis varies depending on reactor, temperature, particle sizes, 

additives and many other parameters but also on which output that is desired, carbon black, syngas 

or bio-oils. In the study of Dai (2017) and his colleagues, the aim was to evaluate how the yields of 

pyrolytic products changed when parameters such as temperature, tyre shred sizes, heating rates and 

feed residence time were modified. The study showed that the amounts of recovered oils reached 

somewhere between 31.82 to 38.12 %wt with a microwave-assisted catalytic fast pyrolysis plant, using 

passenger car tyres as feedstock consisting of most SBR rubber. Lewandowski, et al. (2019) compiled 

the most common pyrolysis reactors and their variations of oil, gas and char share and found similar 

results, first accounted by Bridgewater (2010) and Rasul & Jahirul (2012). A summary of the 

parameters that are interesting for this scenario is shown in Table 6, with data from the latter research. 

Temperatures, particle sizes etc. will not contribute to this scenarios purposes and are therefore 

excluded. Instead, the focus lay in the material output shares that will be used to simulate material 

recirculation.  

 

TABLE 6 - TYPICAL PYROLYSIS TECHNOLOGIES AND YIELDS OF OIL, CHAR AND GAS. 

Pyrolysis technology 

 

 

 

  Oil  

 

Product yield (%) 

 

 Char 

 

 

 Gas 

    

Flash      75 12 35 

Fast      50-75 12-20 30-35 

Intermediate      50 25 25 
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Conventional      30 35 35 

Slow      35 35 30 

Torrefaction      - 85 15 

Gasification 1-5 <1 95-99 

Euro Eco Fuels 

 

     49 44 

(33% carbon       

filler, 11% coal) 

7 

    

 

The data presented by Euro Eco fuels is added in the end of the table and used to simulate the 

materials reusability of the specific plant and the varying output shares. The coal and oils are used as 

energy recovery and the carbon filler is reused in other offset applications (Euro Eco Fuels, 2016). 

The specific application of the recovered fuel and carbon fillers are not known, and since the recycled 

carbon black filler in tyres are very limited, assumptions are made that it goes to lower quality 

products, however not the lowest reuse of materials since the material is recycled and not substituted. 

Therefore, recovered carbon fillers is included in the third level recycling, and the energy generation 

offsets are included in energy recovery of the first level recycling. Figure 14 show the scenario 

constructed with the information presented above.  

 

 

FIGURE 14 - SUMMER TYRES TO PYROLYSIS, WINTER TYRES ACCORDING TO BAU. 

Even though the main materials are used as energy generation, the quality of the fuel is increased, 

and the efficiency is higher than if burning the entire tyres for energy, however still modelled in the 
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same category since material recirculation is simulated. Therefore, the majority of the level 3 recycling 

from cycle one is recovered as energy in the second cycle. 

 

The summer tyres collected yearly accounts for approximately 50% of the scrap tyres, and the 

remaining winter tyres (and the low share of tyres from bikes, motorcycles e.g.) are simulated 

according to BAU of entire tyres since tyre chips consisting of all tyre compounds are shipped to the 

pyrolysis plant. The scenario is also built on the assumption that all summer tyres that can be 

separated are shipped to the pyrolysis plant in Poland.  With the current prerequisites, the accuracy 

the software found 87.6% of the existing 3PMSF labels. The issues related to a high share of winter 

tyres was discovered after many previous good results, even though no pre-sorting of the mixed tyres 

had occurred. It appears that the shipping that created the issue is related to a shipping with a higher 

share of winter tyres than earlier. Saying that, if the share can be guaranteed to consist of not more 

than 12.4 % winter tyres, that will not be a problem for the specific pyrolysis plant (Stiernström, 2019; 

Svahn, 2019). Of course, for other applications the accuracy might be stricter and need to reach a 

higher prediction rate, achievable if fine-tuning the models that master the decision engine together 

with high quality equipment. 

Today, bio-oils have not yet reached commercial standards. Significant issues related to poor volatility, 

high viscosity, coking and corrosiveness are identified when used as fuel in standard equipment, e.g. 

engines and gas turbines. However, it has been showed that it is technical feasible to upgrade the oils 

to use as high-quality transportation fuel. Nevertheless, more research is needed before it can be used 

in a broader range of applications (Rasul & Jahirul, 2012; Zaman, et al., 2017; ETRA, 2019). Substituting 

virgin transportation fuels with recovered oils from scrap tyres would be a great way to prolong the 

lifetime of already discharged fossil fuels. 

7.3.2 Scenario 2 

Today, it seems that devulcanisation of post-consumer tyres is the best way to achieve closed loop 

tyre recycling (Saiwari, 2013; Asaro, et al., 2018; Dierkes, 2019). Therefore, the second scenario 

simulate the devulcanisation of scrap tyres collected by Ragn-Sells Tyre Recycling.  

Saiwari, et al., (2016) evaluated the possibilities of using entire post-consumer tyres as feedstock in 

the production of new and found that 30 % recycled rubber could be used as feedstock without 

compromising on quality and safety parameters. In the 90’s, Besruckov (1990) studied devulcanisation 

of only SBR rubber and found that a blend with 30% devulcanised rubber mixed with virgin SBR gave 

similar properties as those for virgin materials (Adhikari, et al., 2000). The development of 

devulcanising polymers have made it possible to achieve similar results when devulcanising tyre 

rubber consisting of a rubber blend of mainly SBR, NR, IIR and BR as it was when devulcanising rubber 

that only consist of the SBR in 1990. The recent results, indicating a realistic addition of 30% 

devulcanised rubber in new tyre compounds was obtained after tailoring number and shares of 

devulcanisation aids, additives and process times and temperatures.  

 

The most favourable devulcanisation aid for passenger car tyres is diphenyl disulfide (DPDS) using a 

devulcanisation temperature of 220 °C in absence of oxygen (Dierkes, et al., 2018; Saiwari, et al., 2015; 

Saiwari, 2012). Nevertheless, these conditions are not optimal for the remaining rubbers and the 
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optimal process parameters need to be compromised to ensure that the other rubbers are still 

devulcanised without damaging any unwanted polymer chains. Especially sensitive is the NR with an 

easily broken network if the devulcanisation temperature is higher than 170 °C, yet still possible 

depending on other process parameters. With the devulcanisation aid and process temperature, being 

the most crucial process parameter, uncontrolled breakdown of NR isn’t an issue. Furthermore, tyre 

rubber is a composite, consisting of many materials and elastomers, impossible to segregate before 

devulcanisation. A lot more research and development will be needed to meet the enormous amounts 

of tyres discharged yearly, and to find suitable end-of-life applications (Dierkes, et al., 2018) 

Consumption of cars increase steady, so does the tyre production (ETRA, 2019). The simulation of the 

reusability of devulcanised rubber is based on the 30 % reusability found by Saiwari, et al (2016) that 

will enter the level 4 recycling in the production of new tyres, simulated in Figure 15. Nevertheless, 

not all tyres that are produced is recycled and the scenario is therefore simulated as if the production 

of new tyres is equal to the number of scrap tyres collected. The reusability represents the Swedish 

tyre recycling where close to all scrap tyres are collected to ensure that the reuse of rubber is met by 

the production of new tyres, regardless of in which country the tyre is produced. The remaining 70% 

is simulated according to BAU. In the devulcanisation process, only tyre rubber is used and therefore, 

the scrap tyre rubbers BAU represent the remaining 70 % and that scenario can thereafter be 

compared to this scenario that includes the devulcanisation application that has been assumed to 

meet the production of new tyres.  

 

 

FIGURE 15 - DEVULCANISATION OF MIXED TYRES COLLECTED BY RAGN-SELLS. 

The scenario is presented as if the 30% of the rubber that go to devulcanisation newer get lost. With 

this type of presentation, the aim is to stress the material remain after each cycle. However, the 30 % 

devulcanised rubber from cycle 1 will after its lifetime in a new tyre end up in the tyre recycling facility, 

and the majority of those tyres will re-enter the recycling process of BAU since that is still 
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overrepresenting the end-of-life treatment. If the same tyre would go to the devulcanisation after 

each life cycle, that material would be old and might decrease the quality of the devulcanised rubber. 

Resent research have identified some of the tyre parameters that obstruct and facilitate the 

devulcanisation of scrap tyres and with this knowledge, a future possibility of a pre-sorting of the scrap 

tyres would benefit the quality of the devulcanised rubber. Silica substituting carbon black as 

reinforcer is a growing trend, aggravating and demands change in the devulcanisation process and old 

tyre rubber perform worse that new when devulcanised (Hoek, et al., 2018; Dierkes, 2019). The dates 

on the tyres is visible on the DOT code existing on all tyres, stating year and week of the production, 

unfortunately there is yet no standardised label related to the reinforcing material. 

The amplitude of these sorting is not yet fully accounted and therefore, this scenario isn’t built on 

those sorting parameters but on the reusability of tyre rubber if extending the devulcanisation 

according to the presented research. In the discussion under the heading Autonomous sorting of scrap 

tyres, the scenarios where devulcanised rubber quality can be increased related to a pre-sorting of the 

tyres are further analysed. 

8. Discussion & Conclusions 

This chapter is introduced with a summary of this thesis main findings. Thereafter, specific findings 

and discussions related to the main objectives are compiled in various steps and presented under each 

subheading to get a more detailed evaluation of how and why the tyre industry benefit from a 

downstream sorting of scrap tyres.  

8.1 Main Findings 

Material recycling of rubber is hard, especially when aiming for high quality products. The most 

promoted treatment is devulcanisation, said to have the highest possibility to recirculate scrap tyre 

rubber in the production of new. The main barrier is the three-dimensional crosslink structure that is 

hard to break without damaging the polymers in the devulcanisation process. More research is 

needed, and the efficiency needs to be higher. Other obstacles to overcome include political 

constraints, the negative reputation that tyre rubber is a hazardous material, high costs pricing in 

relation to virgin feedstock materials and end-of-life application that can handle the huge amount of 

scrap tyres being discharged yearly. There are many new trends and techniques on scrap tyre 

recycling, however not yet ready to be used in commercial markets in the same amplitude as tyres are 

discharged.  

 

The reusability of post-consumer tyres can increase if combining material knowledge with pre-sorting 

of the tyres to suit its niche applications. The more material knowledge, the higher the quality of the 

reclaimed rubber from the level four recycling can be, modifying, upgrading and refining the treated 

materials. It can appear hard to use image recognition to distinguishing small labels on scrap tyres 

with the dark colour. The results from the identification of the 3PMSF showed high prediction rates, 

87.3% of the existing labels was identified and only 1.6 % was identified wrong and possibilities to 

further improve the results are identified.  
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The car industry is going towards a new era, autonomous cars are expected in the near future, and 

mobility seems to be the core of future transportation, changing the desired tyre properties. 

Autonomous cars will be equipped with sensors or RFID chips will be used in tyres to facilitate storage 

stocktaking and to provide the driver with information regarding air pressure, temperature and loads, 

all measured in real-time. Regardless of development and new technologies, the sustainability aspect 

has never been more important. Listening many of the tyre producers present their sustainability 

approach, a common aim was investing, and research related to new sustainable materials that are 

biodegradable, increased lifetime and is fuel efficient. This add the advantages of an autonomous 

sorting that can be updating whenever new tyres and sorting approaches are identified. 

8.2 Autonomous sorting of scrap tyres 

The results given from this relative small image recognition project show a high potential in future 

upgrading and reusability of the autonomous sorting of scrap tyres. Of course, other possibilities need 

to be considered, manual sorting is an option, especially related to the defensive approach if the issues 

of self-sealing liquids increase before any possible sorting station is installed. Other scenarios are to 

sort tyres with other technologies. X-ray are already used in plastic sorting today, sorting plastic shreds 

due to polymer. This would be harder to do with tyres since the parts are that can see exactly which 

rubber that’s overrepresented in each share and set limits on which shreds that are homogenous 

enough to recycle to high quality applications and which that are more suitable to use in lower quality 

applications or as energy recovery to handle all scrap tyres. One example is in the green concrete 

industry where recycled tyre granulates are used, decreasing use of virgin materials and the overall 

greenhouse gas emissions and profit from tyre properties such as strength, elasticity, insolation, and 

absorption of sounds, suitable in concreate and other construction materials widely used today (Segre 

& Joekes, 2000; Meyer, 2009; Richardson, et al., 2016). 

 

To increase the prediction rates and identification of the 3PMSF, areas of improvement are 

identified to be; 

 

- Better camera with higher resolution 

- A laser camera that is not affected by wet tyres that create reflections 

- Better lightning (placing, colour, watts, e.g.) 

- Smoother conveyor belt 

 

The results given might actually be higher than shown in the presented numbers. The prediction limit 

has been set on 90%, saying that if the software believes, with 89% probability, that a tyre label is the 

3PMSF, that label will be rejected. A lower prediction rate will show how many of the labels that are 

not found with the 90% boundary that is related to lower prediction rates and how many labels that 

are not found at all. 

 

When evaluating the false positives, it appears that the summer tyre batch has very few in relation to 

the winter tyres. This might relate to less markings and labels in general on summer-, bike, motorcycle 

e.g. tyres. Some of the false positives are more or less similar to the 3PMSF, other not. To decrease 

the false positives, more images need to be added in the learning phase and modifications in the 

models might be needed. 
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8.3 Sorting possibilities 

In this part of the discussion, the two scenarios that are simulated are complemented with newer 

research and input from stakeholders that contribute to the reusability and increased reclaimed 

rubber quality, yet not scientifically approved. 

8.3.1 Pyrolysis 

With mainly small-scale pyrolysis plants, all kind of in and output to the plant varies, type of tyres 

entering, share of additives, temperatures, ovens and recovered materials. For pyrolysis to reach 

commercial standards, more research is needed and thereafter, consistency. A collaboration with tyre 

producers will increase the quality of the reclaimed rubber if the recipes could be changed to suit the 

combination of virgin carbon black with the recycled. This requires that the producers can be certain 

that the recycled carbon black will have consistent properties, obtained with a homogenous tyre input 

and strict pyrolysis parameters. Martin Von Wolfersdorff provides a global overview of the existing 

pyrolysis plants worldwide and the state-of-the-art technologies. He said at the Future Tyre 

Conference (2019) that it is hard for pyrolysis plants to scale up since most are too small for tyre 

producers to select just one and with the future aiming towards a collaborative aim to match 

reclaimed carbon black with virgin, the collaborating with many plants obstruct initiatives like this. 

 

In the pyrolysis scenario, the oils recovered are used as energy recovery, simulate equally as the 

incineration of entire and shredded tyres. Since the oils are upgraded and treated in the pyrolysis 

processes, the imbedded energy and quality is not the same as when incinerating tyres consisting of 

vulcanised rubber, textiles and steel. Therefore, this simulation is unscientific, and a further evaluation 

of these variations is suggested. The pyrolysis required large amount of thermal energy, mainly to 

maintainable the reactor temperature, also excluded in the evaluation of the end-of-life scenarios, 

and important measure to consider in future evaluations (Singh, et al., 2018). 

8.3.2 Devulcanisation 

In the simulation of the devulcanisation recycling of tyre rubber, no sorting on the scrap tyres has been 

included since no devulcanisation of sorted tyres with the tyre properties that give higher quality 

reclaim is found. Other sorting of tyres that can optimise the devulcanised quality is confirmed by 

stakeholders throughout the tyre value chain, and the exact numbers of the increased devulcanised 

rubber is not yet accounted for. A future would be to use devulcanisation on strictly selected tyres to 

see if the use of the reclaimed rubber can be used as feedstock in a higher extend than the mixed 

passenger car tyres. 

 

Since the lower levels of recycling will most likely keep being a part of the end-of-life scenario for scrap 

tyres, a selection of tyres is a good way to ensure that the tyres most suitable for the higher level of 

recycling is utilized and the remaining tyres are used according to BAU or any other application that is 

preferable. When devulcanising rubber, age matters. The older the tyre, the harder it is to achieve a 

good recycled rubber quality (Saiwari, et al., 2013; Hoek, et al., 2018; Dierkes, 2019). When Agewall & 

Wallgren (2019) studied some of the scrap tyres that was shipped to Åkersberga for the image 

collection, found tyres with ages varying in a spectrum of 20 years, some produced within the year. 

This could be a great way to increase the quality and niche the tyres that are devulcanised and the 
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sorting label is already existing and standardised, the DOT code. When devulcanising scrap tyre rubber 

that consist of silica instead of carbon black, it has been shown that the process is less productive, and 

the quality of the recycled rubber decreases in relation to tyres using carbon black as the main 

reinforcer (Hoek, et al., 2018; Dierkes, 2019). If the autonomous sorting could distinguish tyres with 

silica to be recycled according to other techniques, together with aged tyres, the quality of the 

devulcanised rubber would be improved. A final attempt to increase the rubber quality after the 

devulcanisation process would be to separate the tyre parts from each other. Since the cord, bead, 

treads e.g. consist of different polymers all developed to meet the requirements of each tyre part, 

devulcanisation process would not need to compromise to suit all tyre polymers. Of course, this is a 

big effort and if this would be used to enable a smooth disassemble of the tyres main parts, demanding 

collaboration with the tyre producers to design tyres that can be disassembled but still meet all the 

safety requirements.  

8.3.3 Sorting possibilities 

With sorted scrap tyres, the end-of-life applications can be optimised. The tyres that create issues in 

the recycling, e.g. self-sealing and tyres using silica as the main reinforcing materials still perform good 

as energy recovery. It is a great advantage for Ragn-Sells to develop an autonomous sorting engine 

that enables identification of new labels. First of all, the car and tyre industry are dynamic and which 

future technologies that will develop is impossible to predict. It is also a possibility to use the technique 

on other waste streams where similar issues already have been identified, both in the more crucial 

offensive approach but also as a defensive possibility to increase recycled materials.  

8.4 Stakeholder Collaborations 

2015, Rizos , et al., together with the Centre for European Policy Studies stated following as the main 

barriers towards a circular economy; environmental culture, financial barriers, limited government 

support, lack of effective legislation, information deficits, administrative burdens and relatively low 

technical skills.  

 

This summarises the identified issues in the tyre recycling value chain that aggravate a closed loop 

tyre recycling. High recycled material costs when aiming for high quality materials that can be used as 

tyre feedstock, mostly related to small scale recycling plants. It seems that the market is not yet ready 

to pay the price for sustainable tyres. ETRA are evaluating possible solution for this, especially related 

to the recycling issues related to new tyre technologies, e.g. self-sealants. A system might be set to 

start categorising the tyres related to recycling complexity (Ardefors, 2019). This would thereafter 

most likely result in several fee-categories for the tyre producers, already used to cover the cost of 

recycling passenger car-, truck and OTR tyres. ETRMA has raised awareness to recyclers and 

granulators of the self-sealant liquids obstructing recycling and lead to heat build-up and potential fire 

hazards. This is a recognized problem, and tyre manufacturers recommend collecting sealant tyres 

separately and send these to energy recovery, yet how this should be solved is not further stated. 

Goodyear anticipated that within the next five years, 75 % of their truck tyres will have some kind of 

electronic sensor, e.g. RFID chips and said that it would be desirable to remove the electronic devices-

if applicable or possible to reuse or recycle those separately, see Appendix B3.  

 

https://www.sciencedirect.com/topics/economics-econometrics-and-finance/occupational-qualification
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Regardless of new technologies that enable downs-stream sorting on the collected scrap tyres, high 

quality recycled rubber products will not be possible until recyclers and producers start collaborating. 

Tim Clayfileld (2019), material scientist specialised in scrap tyre recycling stressed that it will no longer 

be possible to be unspecified regarding tyre materials and that he together with his partners at TRS 

are already working with agreements to facilitate such collaborations.  

9. Future Possibilities  

To achieve a proper evaluation on the end-of-life applications most suitable for each type of tyre and 

how to reuse scrap tyres to favour the circular economy, additional research is needed, and other 

solutions might be considered. The retreading business is increasing, common on bigger tyres, e.g. 

trucks and busses, however very limited on passenger car tyres due to high cost. If the retreading 

could be optimised, might even automatic, the costs would most likely decrease, and more virgin 

materials could be saved. Retreading is the most resource-efficient strategy to recovered scrap tyres, 

saving 80% of the raw material and the energy consumption is 15 times lower than if producing a new 

tyre, yet delivering the same mileage as newly produced tyres (ETRA, 2019; Allen, 2019). 3D printed 

treads and tyre treads with built in layers are already seen, replacing the worn treads automatically.  

 

For the defensive approach related to the self-sealing tyres, these need to be removed if no other 

solution is found to solve both safety matters for workers and the leakage of hazardous substances on 

the recycling facilities. It would be favourable to test which sorting accuracy that is needed to ensure 

that the number of self-sealing tyres are sorted proper enough, to meet the required limits.  

 

The energy consumed is not included in any of the scenarios, nor the BAU and should be evaluated 

before deciding on which option that is most beneficial aiming for a sustainable tyre recycling. Other 

materials might be more suitable to devulcanise and/or upgrade by pyrolysis and therefore, energy 

recovery and low-quality product might be the best option.  

 

Jesus and Mendonça (2018) identified both barriers and possibilities when first adapting a circular 

economy strategy in a new value chain. Someone will be the first to change, and thereafter other 

might follow. Maybe, Continental will be the company that trigger that chain of changes needed to 

shift the linear business model that is overrepresented in the tyre industry today. When speaking to 

Dr. Alexander Burkhart (2019), working with Sustainable Materials and Process Development at 

Continental, he was positive too collaboration throughout the value chain and confirmed that the 

more homogenous the recycled tyres are, the more material can be reused in the production of new. 

Continental has already started to collaborate with external companies to achieve optimal tread-to-

road conditions for their tyres. 

  

https://www.sciencedirect.com/science/article/pii/S0921800916316597#!


35 
 

References 

Adhikari, B., De, D. & Maiti, S., 2000. Reclamation and recycling of waste rubber. Progress in Polymer 

Science, 25(7), pp. 909-948. 

Agewall, J., Wallgren, K., 2019. Mikroplastutsläpp från däckslitage: Ett rullande utsläpp, Stockholm: 

KTH, Skolan för Arkitektur och Sammhällsbyggnad. 

 

Amari, T., Themelis, N. J. & Wernick, I. K., 1999. Resource recovery from used rubber tires. Resources 

Policy, 25(3), pp. 179-188. 

 

Asaro, L., Gratton, M., Seghar, S. & Aït Hocine, N., 2018. Recycling of rubber wastes by 

devulcanization. Resources, Conservation and Recycling, Volume 133, pp. 250-262. 

 

Besruckov, A., Deryabina, O. & Maharinsky, L. H., 1990. Pyrolysis of Model Sulfur-Containing 

Compounds in Molten Salt NaAlCl 4. International Journal of Polymeric Materials, 12(1-2), pp. 101-

107. 

 

Bongaarts, J., 2009. Human population growth and the demographic transition. The Royal Society, 

364(1532), p. 2985–2990. 

 

Bridgwater, T., 2010. Biomass Pyrolysis, Birmingham: Aston University Bioenergy Research Group. 

 

Cheng, F., Zhang, H., Fan, W. & Harris, B., 2018. Image Recognition Technology Based on Deep 

Learning. Wireless Personal Communications, 102(2), pp. 1917-1933. 

 

Continental, n.d. ContiSeal™ is a technology designed to seal a damaged tire tread. [Online]  

Available at: https://www.continental-tires.com/car/tires/continental-tire-technologies/contiseal 

[Accessed 05 05 2019]. 

 

Continental, n.d. Fru Maskros. [Online]  

Available at: https://www.xn--continental-dck-

dlb.se/transport/foeretaget/sustainability/taraxagum/mrs-dandelion 

[Accessed: 03 07 2019]. 

 

Dai, L., et al., 2017. Microwave-assisted catalytic fast co-pyrolysis of soapstock and waste tire for bio-

oil production. Journal of Analytical and Applied Pyrolysis, Volume 125, pp. 304-309. 

 

Dierkes, W. K., et al., 2018. Designing of cradle-to-cradle loops for elastomer products. Plastics, 

Rubber and Composites, 48(1), pp. 3-13. 

 

Dierkes, W., 2019. Short-loop material recycling of passenger car tire rubber: chances and 

challanges. Köln, University of Twente. 

  

Dunås, E., 2018. Därför är cirkulära tjänster framtiden. [Online] 



36 
 

Available at: https://www.wwf.se/reportage/darfor-ar-cirkulara-tjanster-framtiden-2/ 

[Accessed 33 03 2019]. 

 

ELLEN MacARTHUR FOUNDATION. 2013. Towards the circular economy. [Online]. Accessed on Dec 

21, 2016. Available at: 

https://www.ellenmacarthurfoundation.org/assets/downloads/publications/Ellen-MacArthur-

Foundation-Towards-the-Circular-Economy-vol.1.pdf 

 [Accessed 20 February 2019]. 

  

Ellen MacArthur Foundation, Artificial intelligence and the circular economy - AI as a tool to 

accelerate the transition (2019a). 

 

Ellen MacArthur Foundation. 2019b. Concept - What is a circular economy? A framework for an 

economy that is restorative and regenerative by design. [ONLINE] Available at: 

https://www.ellenmacarthurfoundation.org/circular-economy/concept. [Accessed 8 February 2019]. 

 

ETRA. 2019. Tire Recycling. Waste (Second Edition), pp. 489-515. 

 

Euro Eco Fuels., 2016. Environmental Leadership. [Online]  

Available at: http://www.euroecofuels.com/environmental/ 

[Accessed 08 07 2019]. 

 

European Commissiom. 2014. Towards a circular economy: A zero waste programme 

for Europe. Brussels. [Online]. Available at: http://ec.europa.eu/environment/circular-

economy/pdf/circular- 

economy-communication.pdf 

[Accessed 21 03 2019]. 

 

European Comission., 2015. Closing the loop - An EU action plan for the Circular Economy. [Online] 

Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52015DC0614 

[Accessed 20 03 2019]. 

 

European Commission., 2017. COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN 

PARLIAMENT, THE COUNCIL, THE EUROPEAN ECONOMIC AND SOCIAL COMMITTEE AND THE 

COMMITTEE OF THE REGIONS on the 2017 list of Critical Raw Materials for the EU, Brussels: 

European Comission. 

 

European Environment Agency, 2003. Waste from vehicles (number and treatment of used tyres). 

[Online]  

Available at: https://www.eea.europa.eu/data-and-maps/indicators/waste-from-road-

vehicles/waste-from-road-vehicles-tyres-eu 

[Accessed 15 07 2019]. 

 

European Union., 2011. Uniform provisions concerning the approval of pneumatic tyres for motor. 

[Online]  

https://www.ellenmacarthurfoundation.org/assets/downloads/publications/Ellen-MacArthur-Foundation-Towards-the-Circular-Economy-vol.1.pdf
https://www.ellenmacarthurfoundation.org/assets/downloads/publications/Ellen-MacArthur-Foundation-Towards-the-Circular-Economy-vol.1.pdf
https://www.ellenmacarthurfoundation.org/circular-economy/concept
https://www.ellenmacarthurfoundation.org/circular-economy/concept
https://www.ellenmacarthurfoundation.org/circular-economy/concept


37 
 

Available at: https://eur-lex.europa.eu/legalcontent/EN/TXT/PDF/?uri=OJ:L:2011:307:FULL& 

from=SV 

[Accessed 05 07 2019]. 

 

European Parliament, E., 2018. Circular economy: definition, importance and benefits. [Online] 

Available at: 

http://www.europarl.europa.eu/news/en/headlines/economy/20151201STO05603/circular-

economy-definition-importance-and-benefits 

[Accessed 18 03 2019]. 

 

European Union, E., 2011. Uniform provisions concerning the approval of pneumatic tyres for motor 

vehicles and their trailers. [Online]  

Available at: https://eur-lex.europa.eu/legal-

content/EN/TXT/PDF/?uri=OJ:L:2011:307:FULL&from=SV 

[Accessed 05 07 2019]. 

 

European Union., 2013. Living well, within the limits of our planet, Strasbourg: Official Journal of the 

European Union. 

 

Evans, R., Milne, T., 1987. Molecular characterization of the pyrolysis of biomass. Energy Fuel, Volume 

81, pp. 123-137. 

 

Fukumori, K., Mitsumas, M., Hirotaka O., Norio, S., Yasuyuki, S., Katsumasa, T., 2002. Recycling 

technology of tire rubber. JSAE Review, 23(2), pp. 259-264. 

 

Galvagno, S. , et al., 2002. Pyrolysis process for the treatment of scrap tyres: preliminary 

experimental results. Waste Management, 22(8), pp. 917-923. 

 

Hader, R. N. & Le Beau, D. S., 1951. RUBBER RECLAIMING. Industrial & Engineering Chemistry, 43(2), 

pp. 250-263. 

 

Hirata, Y., Kondo, H. & Ozawa, Y., 2014. Chemistry, Manufacture and Applications of Natural Rubber. 

ScienceDirect, pp. 325-352. 

 

Hulstaert, L., 2019. Data Camp. [Online]  

Available at: https://www.datacamp.com/community/tutorials/object-detection-guide 

[Accessed 12 03 2019]. 

 

Jesus, A., Mendonça, S., 2018. Lost in Transition? Drivers and Barriers in the Eco-innovation Road to 

the Circular Economy. Elsevier, Volume 145, pp. 75-89. 

 

Jørgensen S., Pedersen L.J.T. (2018) The Circular Rather than the Linear Economy. In: RESTART 

Sustainable Business Model Innovation. Palgrave Studies in Sustainable Business In Association with 

Future Earth. Palgrave Macmillan, Cham 

 

https://eur-lex.europa.eu/legalcontent/EN/TXT/PDF/?uri=OJ:L:2011:307:FULL&


38 
 

Kaminsky, W., Predel, M. & Sadiki, A., 2004. Feedstock recycling of polymers by pyrolysis in a 

fluidised bed. Polymer Degradation and Stability, 85(3), pp. 1045-1050. 

 

Kohler, N. & Perry, E., 2005. Implementation of the landfill directive in the 15 member states of the 

European Union, Belgium: European Comission. 

 

Kole, P. J., Löhr, A. J., Van Belleghem, F. G. A. J. & Ragas, A. M. J., 2017. Wear and Tear of Tyres: A 

Stealthy Source of Microplastics in the Environment. Environmental Research and Public Health, 

14(10), p. 1265. 

 

Kinder, C., 2018. Yale-New Haven Teachers Institute. [Online] 

Available at: http://teachersinstitute.yale.edu/curriculum/units/1998/7/98.07.02.x.html 

[Använd 19 03 2019]. 

 

Kharas, H., 2011. The Emerging Middle Class in Developing Countries, s.l.: Brookings Institution. 

 

Kharas, H., 2017. THE UNPRECEDENTED EXPANSIONOF THE GLOBAL MIDDLE CLASS AN UPDATE, 

Washington DC: Brookings Institution. 

 

Klum M., Rockström J. 2012. The human quest : prospering within planetary boundaries. 

s.l.:Bokförlaget Langenskiöld. 

 

Lansink, A. (1979) Tweede Kamer, 1979–1980, Rijksbegroting voor het jaar 1980, Hoofdstuk XVII, 

15800, nr.21.  

 

Lantz, A. (1993). Intervjumetodik: den professionellt genomförda intervjun . Lund: Studentlitteratur 

 

Larshans, P., 2019. Ragn-Sells. [Online] 

Available at: https://www.ragnsells.se/globalassets/sverige/inspireras/vi-pa-ragn-sells/cirkular-

ekonomi-sa-funkar-det-2019-01-07.pdf 

[Accessed 17 06 2019]. 

 

Larshans P., Kihl A. 2018. Så kan Sverige ta vara på det värdefulla avfallet. [Online] 

Available at: https://www.ragnsells.se/inspireras/sa-kan-sverige-ta-vara-pa-det-vardefulla-avfallet/ 

[Accessed 22 03 2019]. 

 

Lewandowski, W. M., Januszewicz, K. & Kosakowski, W., 2019. Efficiency and proportions of waste 

tyre pyrolysis products depending on the reactor type—A review. Journal of Analytical and Applied 

Pyrolysis, Volume 150, pp. 25-53. 

 

Lonca, G., Muggéo, R., Imbeault-Tétreault, H., Bernard, S., Margni, M., 2018. Does material 

circularity rhyme with environmental efficiency? Case studies on used tires. Journal of Cleaner 

Production, 183(10), pp. 424-435. 

 

Lydén, P., 2018. Naturvårdsverket. [Online] 



39 
 

Available at: https://www.naturvardsverket.se/Miljoarbete-i-samhallet/EU-och-

internationellt/Internationellt-

miljoarbete/miljokonventioner/Klimatkonventionen/Klimatkonventionens-partskonferenser/ 

 

MathWorks, n.d. Image Recognition. [Online] 

Available at: https://www.mathworks.com/discovery/image-recognition.html 

[Accessed 26 06 2019]. 

 

McKinsey Podcast (2016) Why the circular economy is all about retaining value. [Podcast]. October. 

Available at https://www.mckinsey.com/business-functions/sustainability/our-insights/why-the-

circular-economy-is-all-about-retaining-value?fbclid=IwAR2Zy4CGrNBSBdDRqLFXiIo_RNR9Vurp0b-

Hz10-dfWhPtDkb5mW1GudYFM 

 (Accessed: 21 March 2019).  

 

Meyer, C., 2009. The greening of the concrete industry. Cement and Concrete Composites, 31(8), pp. 

601-605. 

 

Michelin, n.d. MICHELIN® Selfseal® Technology. [Online]  

Available at: https://www.michelinman.com/US/en/why-michelin/michelin-selfseal-technology.html 

[Accessed 05 05 2019]. 

 

Murray A., Skene K., Haynes K. (2015). The circular economy: an interdisciplinary exploration of the 

concept and application in a global context. J Bus Ethics 140(2):1–12 

 

Naturvårdsverket, 2018. Avfall i Sverige 2016, Stockholm: Arkitektkopia AB. 

 

Naturvårdsverket, 2019. Producentansvar för däck. [Online] 

Available at: https://www.naturvardsverket.se/Stod-i-

miljoarbetet/Vagledningar/Avfall/Producentansvar/Dack/ 

[Accessed 07 05 2019]. 

 

Pirelli, n.d. PIRELLI SEAL INSIDE. [Online]  

Available at: https://www.pirelli.com/tyres/en-ww/car/total-mobility 

[Accessed 05 05 2019]. 

 

Preston, F., 2012. A Global Redesign? Shaping, London: Chatham House. 

 

Ragn-Sells., n.d.a (a). Företagsfakta. [Online] 

Available at: https://www.ragnsells.se/om-ragn-sells/det-har-ar-ragn-sells/ 

[Accessed 27 03 2019]. 

 

Ragn-Sells., 2017. Vi förverkligar den cirkulära ekonomin. [Online]  

Available at: https://www.ragnsells.se/inspireras/ragn-sells-forverkligar-den-cirkulara-ekonomin/ 

[Accessed 27 03 2019]. 

 

https://www.naturvardsverket.se/Miljoarbete-i-samhallet/EU-och-internationellt/Internationellt-miljoarbete/miljokonventioner/Klimatkonventionen/Klimatkonventionens-partskonferenser/
https://www.naturvardsverket.se/Miljoarbete-i-samhallet/EU-och-internationellt/Internationellt-miljoarbete/miljokonventioner/Klimatkonventionen/Klimatkonventionens-partskonferenser/
https://www.naturvardsverket.se/Miljoarbete-i-samhallet/EU-och-internationellt/Internationellt-miljoarbete/miljokonventioner/Klimatkonventionen/Klimatkonventionens-partskonferenser/
https://www.mckinsey.com/business-functions/sustainability/our-insights/why-the-circular-economy-is-all-about-retaining-value?fbclid=IwAR2Zy4CGrNBSBdDRqLFXiIo_RNR9Vurp0b-Hz10-dfWhPtDkb5mW1GudYFM
https://www.mckinsey.com/business-functions/sustainability/our-insights/why-the-circular-economy-is-all-about-retaining-value?fbclid=IwAR2Zy4CGrNBSBdDRqLFXiIo_RNR9Vurp0b-Hz10-dfWhPtDkb5mW1GudYFM
https://www.mckinsey.com/business-functions/sustainability/our-insights/why-the-circular-economy-is-all-about-retaining-value?fbclid=IwAR2Zy4CGrNBSBdDRqLFXiIo_RNR9Vurp0b-Hz10-dfWhPtDkb5mW1GudYFM
https://www.ragnsells.se/om-ragn-sells/det-har-ar-ragn-sells/


40 
 

Rasul, M. G. & Jahirul, M. I., 2012. Recent Developments in Biomass Pyrolysis for Bio-Fuel Production: 

Its Potential, Austria: Centre for Plant and Water Science, Faculty of Sciences, Engineering and 

Health. 

 

Regeringen. 1994. Förordning (1994:1236) om producentansvar för däck. [Online]  

Available at: 

https://www.riksdagen.se/sv/DokumentLagar/Lagar/Svenskforfattningssamling/Forordning-

19941236-om-prod_sfs-1994-1236/ 

 

Richardson, A., Coventry, K., Edmondson, V. & Dias, E., 2016. Crumb rubber used in concrete to 

provide freeze–thaw protection (optimal particle size). Journal of Cleaner Production, 112(1), pp. 

599-606. 

 

Rizos V., Behrens A.,. Kafyeke T., Hirschnitz-Garbers M., Ioannou A., 2015. 

The Circular Economy: Barriers and Opportunities for SMEs (No. 412), CEPS Working Document. 

Centre for European Policy Studies (CEPS) 

 

Ragn-Sells B., n.d . #60tonsfrågan - Från linjärt till cirkulärt. [Online] 

Available at: https://www.ragnsells.se/cirkular-ekonomi/60tonsfragan/fran-linjart-till-cirkulart/ 

[Accessed 20 03 2019]. 

 

Ragn-Sells Däckåtervinning A.,n.d. Vi är Ragn-Sells Däckåtervinning. [Online] 

Available at: https://www.ragnsellstyrerecycling.com/om-oss2/ 

[Accessed 06 03 2019]. 

 

Ragn-Sells Däckåtervinning., 2019. Däckets väg i återvinningsprocessen. [Online]  

Available at: https://www.ragnsellstyrerecycling.com/article-startpage/dackets-vag-i-

atervinningsprocessen/ 

[Accessed 28 03 2019]. 

 

Ragn-Sells Däckåtervinning B., n.d. Sortera rätt - För miljöns skull. [Online]  

Available at: https://www.ragnsellstyrerecycling.com/globalassets/tyre-

company/dokument/uttjenta-dack-sortera-ratt2.pdf 

[Accessed 10 05 2019]. 

 

Ragn-Sells Däckåtervinning C., n.d. Så hämtar vi uttjänta däck. [Online]  

Available at: https://www.ragnsellstyrerecycling.com/hamtning-av-dack2/ 

[Använd 04 07 2019]. 

 

Saiwari, S., Dierkes, W. K. & Noordermeer, J. W. M., 2012. Comparative investigation of the de-

vulcanization parameters of tire rubbers. Elastomer Technology and Engineering, Volume 1, pp. 647-

679. 

 

Saiwari, S., 2013. Post-consumer tires back into new tires: de-vulcanization and re-utilization of 

passenger car tires, Nederländerna: University of Twent. 

https://www.riksdagen.se/sv/DokumentLagar/Lagar/Svenskforfattningssamling/Forordning-19941236-om-prod_sfs-1994-1236/
https://www.riksdagen.se/sv/DokumentLagar/Lagar/Svenskforfattningssamling/Forordning-19941236-om-prod_sfs-1994-1236/


41 
 

 

Saiwari, S., Blume, A., Dierkes, W. & Noordermeer, J., 2015. Devulcanization: Short-loop Recycling of 

Passenger Car Tires. Bratislava, University of Twente. 

 

Saiwari, S., Van Hoek J. W., Dierkes, W., Noordermeer, J. W. M., Blume A., Heideman, g., 2016. Tire 

recycling technologies: What is the future? Netherlands: University of Twente. 

 

Samuel, A. L., 1959. Some Studies in Machine Learning Using the Game of Checkers. IBM Journal of 

Research and Development, 3, pp. 211–229. 

Sariatli, F., 2017 . Linear Economy versus Circular Economy. Visegrad Journal on Bioeconomy and 

Sustainable Development, 6(1), pp. 31-34. 

 

SCB, 2017. Sverige når inte alla mål för materialåtervinning. [Online] 

Available at: https://www.scb.se/hitta-statistik/artiklar/2017/Sverige-nar-inte-alla-mal-for-

materialatervinning/ 

[Accessed 19 03 2019]. 

 

Segre, N. & Joekes, I., 2000. Use of tire rubber particles as addition to cement paste. Cement and 

Concrete Research, 30(9), pp. 1421-1425. 

 

Shah, J., Rasul Jan, M., Mabood, F. & Shahid, M., 2013. Conversion of Waste Tyres into Carbon Black 

and their Utilization as Adsorbent. Journal of the Chinese Chemical Society, 53(5), pp. 1085-1089. 

 

Singh, R. K., 2018. Pyrolysis of three different categories of automotive tyre wastes: Product yield 

analysis and characterization. Journal of Analytical and Applied Pyrolysis, Volume 135, pp. 179-189. 

 

Sienkiewicz, M., Justyna, K.-L., Janik, H. & Balas, A., 2012. Progress in used tyres management in the 

European Union: A review. Elsevier, 32 (10), pp. 1742-1751. 

 

Simon, H. A., 1983. Machine Learning - An Artificial Intelligence Approach. Elsevier, Volym 1, pp. 25-

37. 

Tyre Asia., 2018. Aiming High. [Online]  

Available at: https://tyre-asia.com/2018/10/23/ivl-kordarna-aiming-high/ 

[Accessed 04 04 2019]. 

 

Svensk Däckåtervinning., n.d. Avtala om återlämning av uttjänta däck. [Online] 

Available at: https://www.sdab.se/verkstaeder-kommuner/ 

[Accessed 07 05 2019]. 

 

TyreDekho, 2015. Stabilizing belts: What are they and how do they help? [Online]  

Available at: https://tyres.cardekho.com/news/stabilizing-belts-what-are-they-and-how-do-they-

help/ 

[Accessed 04 04 2019]. 

 

https://www-sciencedirect-com.focus.lib.kth.se/science/article/pii/B9780080510545500066?via%3Dihub#bbib11
https://www-sciencedirect-com.focus.lib.kth.se/science/article/pii/B9780080510545500066?via%3Dihub#bbib11


42 
 

United Nations. 2017. World population projected to reach 9.8 billion in 2050, and 11.2 billion in 

2100. [Online] 

Available at: https://www.un.org/development/desa/en/news/population/world-population-

prospects-2017.html 

[Accessed 18 03 2019]. 

 

Van Hoek, J. W., Dierkes, W. K., Heideman, G., Saiwari, S., Noordermeer, J. W. M., Blume, A., Topp, 

M., 2017. Designing a Circular Economy for Passenger Car Tires, Netherlands: University of 

Twente/University of Applied Sciences Windesheim/Brightlands Rolduc Polymer Conference. 

 

Van Hoek, J. W., Dierkes, W. K., Heideman, G., Saiwari, S., Noordermeer, J. W. M., Blume, A., Topp, 

M., 2018. Designing a Circular Economy for Passenger Car Tires, Kuala Lumphur: University of 

Twente/International Rubber Conference. 

 

World Nuclear Association., 2018. Heat Values of Various Fuels. [Online]  

Available at: https://www.world-nuclear.org/information-library/facts-and-figures/heat-values-of-

various-fuels.aspx 

[Accessed 12 06 2019]. 

 

WWF, 2018. Living Planet Report 2018, u.o.: Zoological Society of London. 

 

Yokohama, n.d. Tire Construction. [Online]  

Available at: https://www.yokohamaotr.com/otr/tires-101/otr-technology/tire-construction 

[Accessed 04 04 2019]. 

 

Zaman C. Z., Pal K., Yehye W. A., Sagadevan S., Shah S. T., Adebisi G. A., Marliana E., Rafique R. F., 

Johan R. B. 2017. A Sustainable Way to Generate Energy from Waste. In: M. Samer, ed. Pyrolysis. 

s.l.:Intech Open, p. 35. 

Unpublished work 

Ardefors, F., 2019. Svensk Däckåtervinning, Stockholm. 

Burkhart, A., 2019. Continental. Köln, Future Tyre Conference. 

Kihl, A., 2019. Ragn-Sells chief R&D, Stockholm. 

Massimo, C., 2019. Hankook. Köln, Future Tyre Conference. 

Radke, M., 2019. Continental. Köln, Future Tyre Conference. 

Stiernström, S., 2019. Ragn-Sells Tyre Recycling, Stockholm. 

Svahn, P., 2018. Däckåtervinnning i Heljestorp [Interview] (21 07 2018). 

Von Wolfersdorff, M., 2019. Future Tire Recycling. Köln, WOLFERSDORFF CONSULTING BERLIN. 

 

 



43 
 

Appendix 

Appendix A: Email correspondence with Veronica Roth 2019-07-23. Manager of Customer Service, 

Transports & Logistics at Ragn-Sells Tyre Recycling. 

 

 
 
 
Appendix A.2: Email correspondence with Anna Ternblom. Quality, environmental coordinator and 

administrator at Ragn-Sells Tyre Recycling. 

 

 
 

https://sv.bab.la/lexikon/engelsk-svensk/environmental-coordinator


44 
 

 
 
Appendix B: Questions included in the questionnaire sent to tyre producers. 

 
1) Is there any End-of-Life scenario that you prefer for your tyres? For example, recycling, material 

substitution or energy recovery. If so, which?  

 

2) Clean tyres are important when recycling worn-out tyres to get new raw materials with high quality. 

New technologies such as self-sealing and built-in electronics aggravate the recycling processes. 

Would you consider labelling these tyres with a universal marking to facilitate sorting and improving 

the circularity of your tyres? 

 

3) Would you like to receive feedback on how your tyres has been recovered? If so, what kind of 

feedback is desired? For example ...% recycled mapped to the waste hierarchy, ...% savings on carbon 

dioxide emissions compared to virgin materials, ...% in energy recovery and material recovery etc.? If 

so, how? 

 

4) Do you have any plans on taking back your worn-out tyres in the future to recover them yourselves? 

If so, when and why? 

 

5) If downstream sorting of worn-out tyres is possible to better utilize different tyre characteristics 

and circulate the materials better, are you interested in contributing to such a project to facilitate this 

process? Economically? Knowledge-wise? In another way? 

 

6) How and in which processes are you working towards circular economy today?  

 

7) How do you want the recycling process to look like in the future? Do you as a producer want to be 

more involved? Who would, preferably, be responsible? How would the worn-out tyres be handled 

etc.? 

 

7) Are all your winter tyres 3PMSF approved? If not, why and which winter tyres are not? 

 

8) What is the estimated percentage of self-sealing tyres, among all tyres produced today? 

 

9) How will the number of self-sealing tyres likely increase / decrease in the future? 

 

10) In ten years, do you believe that the proportion of self-sealing tyres will be overrepresented in the 

market? 

 

11) Are the self-sealing tyres over-represented in any type of car, today? For example, sports / luxury 

etc.? 

 

12) The self-sealing labels on your tyres, have these been re-designed since they first arrived? If so, 

when did this design changed? 
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13) Do you have any plans to change these labels? If so, when? 

 

14) What is the estimated percentage of tyres with sensors or other electronics in the tyres produced 

today? 

 

15) How will the number of tyres with sensors or other electronics likely increase / decrease in the 

future? 

 

16) In ten years, do you believe that the proportion of tyres with sensors or other electronics will be 

over-represented in the market? 

17) Are tyres with sensors or other electronics over-represented in any type of car, eg sports / "luxury" 

etc.? 

Appendix B.1: Answers provided by Nokian Tyres 

1) We prefer (according waste legislation) recycling. (Secondary energy recovery.) 

2) Additional markings serving needs of recycling are possible. However developing and agreeing on 

such new international tire markings will take minimum 5 years. 

3) It is more important to have information about certain country’s overall tire recycling situation: 

Utilization method, tonnes (and %) and possibly caused CO2 emissions by utilization method. It is a 

secondary interest to have specific information about how tires of certain brand have been recycled. 

4) No, we don’t have such plans. 

5) Might be, depending on project. At least knowledge sharing. 

6) Yes. 

7) In many countries responsibility is already laid on producers and importers. But the actual recycling 

is done by specialized companies and this seems to be good practice. 

8) Less than 1% 

9) This depends on the market and car company preferences. At the moment there is no remarkable 

growth. 

10) Most likely not 

11) No 

12) Yes we have a special logo for self-sealing tyres. 

13) No 
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14) Less than 1% 

15) In the future the amount of electronics and/or RFID tags in tires will most likely increase compared 

to the situation today. 

16) In five years certainly not, but 10 years is difficult to foresee. 

17) No, not many serial production applications today. 

18) According local legislation (at least) and with respect of environmental and sustainability issues. 

Appendix B.2; Answers provided by Continental 

1) Sustainable management and social responsibility are among our fundamental values. For 

Continental, sustainable materials are made from renewable, recycled or non-fossil based sources. 

Most tires are already made with a major share of sustainable materials, but we are constantly 

working on increasing this portion. In 2017 Continental released the target to achieve a 10% recycling 

share by the year of 2025, in their sustainability report. An outstanding example for recycling is our 

retreading process for heavy commercial vehicle tires. This is a process where the tread area of a worn 

truck tire is renewed with a new tread, enabling the tire to be reused for another life. We offer this 

service to fleets, and this reduces the environmental impact of the fleet’s tire needs, and is an ideal 

example of recycling. In addition to that the use of reclaimed rubber as well as recovered carbon black 

made out of end of life tires are under investigation and contribute to achieve the 10% goal in 2025. 

2) We already mark our self sealing tires with an identifying mark. We would be willing to follow any 

standard that calls for an identifying label indicating the presence of any built in electronics such as 

RFID. 

3)The processing of ELTs is not done by separate brands. Rather, all the ELTs on the market are 

managed by organisations in each country. An overall picture of the recycling routes for the ELTs 

collected is managed and we have access to that data. Furthermore, the cost and effort to record the 

treatment of ELTs by brand does not seem to be justifiable. 

4) With the exception of retreading of truck tires as described earlier, we believe that currently the 

economies of scale of dealing with worn out tires can best be achieved by aggregating the ELT 

processing. That said, when looking further into the future. Retreading might become an interesting 

option for certain passenger car applications (e.g. limited number of sizes). At the same time, we are 

always watching and even participating in trial projects to find ways to recycle tires in a more 

environmental way, for example pyrolysis. 

5) We support any project that seeks better utilization of ELTs and their component parts. We already 

participate in an international working group that is focused on this issue. 

6) The marking required for tyres to be legally driven in the winter season is defined by national laws. 

Whether 3PMSF is required – and for truck tires on which axles – differs from country to country. We 
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expect a transition in national requirements towards 3PMSF. Our product portfolio reflects these 

requirements. Some exemptions apply, e.g. for tires not in scope of UNECE Reg. 117. 

7) We are primarily a manufacturer of new tires. Nevertheless, we participate as an equity partner in 

several recycling companies across Europe in order to ensure that ELTs are dealt with in accordance 

with the laws and rules of those countries. We also believe in sustainable mobility for the future and 

we want to minimise or eliminate the environmental footprint of tires. We will continue to work with 

other stakeholders to improve the solutions and processes involved. 

8) We cannot answer this question accurately as we do not have data from other new tire 

manufacturers. However, we would estimate that self sealing tires make up between 2 and 3 percent 

of passenger car tires sold. 

9) Self sealing tires is today a niche market driven by the demand of car manufacturers who are 

pursuing other environmental goals such as reducing the need for a spare wheel and thereby reducing 

the CO2 footprint of their car. Only a few car manufacturers use self sealing tires and therefore it is 

too early to anticipate the future demand for them. 

10) The car market is going through huge change. Regulatory requirements are forcing mobility 

towards electric vehicles. Congestion in cities and mobility needs are pushing a shift towards shared 

mobility. Possible bans on internal combustion engines are forcing a big reassessment of mobility 

patterns. With so many unknown trends it is not possible to forecast the future demand for self sealing 

tires. 

11) The fitment of self sealing tires today is still at a low level (estimate 2-3%) and is not dominating 

any sector. 

12) No change since the introduction of our label in 2008. 

13) No current plans. 

14) Less than 1% 

15) The fitment of RFID chips is expected to increase and might even become mandatory fitment by 

regulation. This might happen within the next 10 years. The growth of other electronic sensors will 

increase in parallel with the growth in connected and automated driving. 

16) Without a definition of what is meant by over-represented it is difficult to answer. However, we 

do expect to see a growth in the number of tires with sensors over the next 10 years. 

17) The fitment of tires with sensors or other electronics on cars is at an almost negligible level today. 

Appendix B.3: Answers provided by Goodyear 

1) Recycling of ELT into new applications and new products is the preferred option for tyres. However, 

the recycling in the sense of putting ELT-derived materials back into new tyre production is very limited 
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due to the loss of tire performance criteria when added in higher quantities. This is mainly related to 

the inferior materials properties of the recovered material versus the use of virgin raw materials. At 

present the tyre manufacturers, individually and collectively, are engaged in research projects to push 

these limitations. There is no single breakthrough technology on the market that would allow to create 

better quality recycled material, despite claims that are made occasionally. 

Therefore, the tyre sector (in the frame of ETRMA) and their ELT-Companies are actively supporting 

additional efforts in the search for new additional applications as outlets for ELT-derived materials. 

Given the large volume of ELT arisings in Europe, any new outlet should preferably be able to absorb 

significant quantities, such as for example, rubber asphalt. Nevertheless, also niche applications may 

have their benefits and will need to be promoted. Obstacles to be overcome include: political 

constraints, health concerns, good material properties and performance, negative reputation as 

hazardous material, waste regulation. 

In terms of energy recovery, obviously tyres with their organic content represent an important source, 

e.g. for cement kilns, partly replacing the otherwise needed petroleum-based fuel. In addition, the 

ashes remaining from tyres are beneficially incorporated into the cement / klinker. The carbon credits 

from the use of Natural Rubber and other renewable materials are an important element to consider 

in the energy balance (ref to ETRMA numbers). 

However more recently, the use of ELTs in the EU has encountered ‘competition’ from plastics waste 

as fuel source due to changes in the global waste management (China stops plastic waste imports in 

2018) and associated cost pressure. 

Preference for the company: a balanced consideration of recycling versus energy recovery is needed, 

but with the changes in the frame of the circular economy, the recycling pathway will need to be given 

more consideration and priority, to improve resource efficiency and sustainable growth. 

2) Self-seal tyres are currently labelled by the major tyre manufacturers using a ‘marketing logo’ 

imprint / marking on the tyre sidewall. Depending on the physical conditions of an ELT after service 

(dirty, damaged) the logo may be difficult to find and read at the tyre sidewall. This marking is not 

universal nor standardized among manufacturers. 

The sealant material is a very sticky high viscosity component, and these properties make it work 

beneficially to seal the punctures in a tyre, providing the recognized advantages in terms of retaining 

mobility in case of puncture in unfavorable road conditions, and weight reduction due to spare tyre 

elimination. 

The sealant material is virtually not removable from the tire inside without a substantial effort. 

Therefore, the recyclability of self-seal ELTs is hampered due to these sticky viscous properties of the 

sealant, which can cause processing issues in the granulation process. Some part of the granules may 

be glued together, leading to heat build-up and potential fire hazard. This is a recognized problem, 

and tyre manufacturers recommend collecting sealant tyres separately and send these to energy 

recovery. The separate collection faces some reluctance at tyre dealers for several reasons. 
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ETRMA has raised awareness at recyclers and granulators on this matter. 

The use of electronic chips and RFID in tyres is generally marked on the tyre sidewall. At present stage 

the use of electronics is not yet widely spread but may increase in the future with the development of 

new vehicle technologies. 

At the ELT stage, it would be desirable to remove the electronic devices-if applicable or possible. The 

location of a small RFID in the tyre may not be visible from the outside for removal. If the electronic 

device would be recoverable, it would be recycled separately. At present, there are no problems 

reported even if the device remains in the tyre. 

A standardized label for the different technologies may need to be developed through ETRTO as 

representative of the tyre sectors’ technical organization (like 3PSF). There is currently no regulatory 

requirement for a standardized label. 

3) The information of how a single manufacturers’ tyres have been treated may appear attractive but 

will not solve the general sector problem of high-volume ELT streams, independent of individual 

manufacturers. It is understandable, that from an individual company’s responsibility and 

sustainability point of view, the idea is interesting. The effort of traceability with existing technologies 

appears not proportionate to the gains. It is known that technologies are under development to 

facilitate the traceability, but this is still at early stages (e.g. RFID). 

4) No plans. 

5) This may in principle be an option, however it will depend on the project layout, partners, expertise, 

resources, cost, etc. 

Also, it is not clear what is meant by ‘different tyre characteristics’? The European tyre manufacturers 

use quite similar types of materials and technologies, so the objective is not clear. 

The separation of car, truck and OTR tyres may be meant here, but this is already done today for many 

recyclers. It is to be noted, that the tyre sector and other external researchers have not been able to 

develop recycling processes that would yield good quality tyre-derived material for re-use in tyres in 

substantial amounts. 

6) Yes – all approved. (Purpose of the question is not clear in this context) 

7) The material recycling process is usually not at the core business of tyre manufacturers. Recycling 

technologies should be developed through independent companies or consortia, beneficially with the 

expert involvement from tyre companies. Expectations should be focused on new non-tyre 

applications ideally with high volume offtakes. 

Depending on the quality of resulting recovered materials, also tyre companies will be interested to 

use these for use in rubber formulations. This will require R&D efforts to ensure adequate physical 

properties and improvements in performance can be achieved. It is to be kept in mind, that the cost 

for these materials will need to be competitive with virgin raw materials. 
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8) Less than 0.1 % 

9) An increase up to 1.5 % within 5 years can be expected. 

10) It is not clear what is meant by ‘over-represented’? More than 50 % of all tyres? No - we do not 

think that this scenario will be the case. 

11) Major customers are the brands of the Volkswagen AG Group. Few French accounts are interested. 

12) The tyres with self-seal technology have a small sidewall marking to allow identification of these 

tyres. This marking has not been changed since the market introduction of this technology by our 

company. 

13) No plans for change. 

14) Currently, about 20 % of truck tires have sensors. 

15) About 75 % of truck tires will have sensors within next 5 years. 

16) Yes 

17) No, majority is in truck tires. 

18) There is currently no plan to express special 

 

 

 

 

 

 

 


