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I 

 

Summary 

With a large amount of tyres being discarded every year, the question of how to 

manage the end-of-life tyres (ELTs) has become a serious issue. Thus this study 

identifies different driving forces for this management and the most possible 

scenarios for the future management of ELTs. The study also compares the business 

as usual model with a waste hierarchy model to explore the possibilities for 

optimizing management of ELTs through cascading. This study collects opinions about 

the driving forces of ELT management from 29 experts working in the area. Important 

driving forces identified were: price of substitute products, recycled materials’ 

market, environmental legislation, and technology. This study also surveys 23 experts 

in the tyre area about the most possible scenarios for ELTs in 2020. One of the more 

believed in futures was: “Due to increasingly limited fossil fuels and a rise of 

sustainability awareness, applications for ELTs are growing both in material and 

energy recycling.” This suggests that a shift toward an equal recycling situation of 

ELTs among material and energy might be likely to happen by 2020. Based on the 

most possible scenario for ELTs in 2020, a comparison between waste hierarchy 

model and business as usual model has been performed. The result shows that the 

(cascading) waste hierarchy model would likely create more environmental benefits 

than business as usual model. This is done though the saving and cycling of more 

materials from energy recovery into material recycling. 

 

Keywords: End-of-life tyres (ELTs), End of life tires, scenario analysis, tyre management, 

tire management. 
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1. Introduction 

In this section, the background of the tyre issue is presented, including definition of ELTs, 

the current situation of ELT management worldwide, and different applications and 

environmental impacts of ELTs. The business as usual model and waste hierarchy model 

of ELTs is then presented to illustrate the main concept of this thesis, and finally the aim 

and objectives of the study. 

 

1.1 Background 

Tyres could be one of the greatest inventions in the world. They not only facilitates our 

everyday life, allow us to travel faster, farther, and more comfortable, but also speed up 

economic growth by transporting more and more goods within a short time. It has been 

over one hundred years since the tyre was invented, and it still keeps evolving. Despite 

its many advantages, many resources are consumed to produce tyres; much pollution is 

generated within both the manufacturing and use phase, and huge amounts of tyres are 

discarded every year. Among these problems, disposal of end-of-life tyres (ELTs) is an 

extremely important issue because these waste tyres can be valuable resources if they 

are well managed. 

 

According to the European tyre & rubber manufacturers’ association (ETRMA), ELTs are 

those tyres that cannot be used for their original purpose and directly go into the waste 

management system for recovery (ETRMA, 2008), thus export and retread of used tyres 

are not included in the classification of ELTs. World business council for sustainable 

development (WBCSD) reported that applications for landfill or stockpile of ELTs still exist 

in some countries (WBCSD, 2008), although it will not be degraded in landfills and is 

already banned by the European Union (EU) on 16 July 2003 (European Union, 1999). In 

Europe, 46% of ELTs are materially recycled, 49% are sent to energy recycling, and 5% are 

sent to landfills (ETRMA, 2010). 

 

In Finland, nearly no tyres are used for energy recovery since year 2000 (Rengaskierrätys 

oy, 2011), and most of them are materially recycled in road and highway noise barriers, 

landfill sites, construction sites, and in blasting mats (Rengaskierrätys oy, 2002). The 

Netherlands also has shifted greatly from energy to material recycling of ELTs in recent 

years (RecyBEM B.V., 2010). In America, more than 10% of scrap tyres are land disposed, 

over 50% are for energy recovery, and about 30% are for material recovery in 2007 (RMA, 

2009). 

 

 



 

Numerous recovery methods of ELTs can be c

recovery. And they can also be categorized by different recovery stages of ELTs, like 

whole tyres, shredded tyres, crumb and powdered rubber.

could raise environmental and health concerns,

agency (KemI) does not recommend artificial turf made from ELTs (KemI, 2009)

of potential environmental and health concerns

from rubber granulates to soil and water

example tyres as alternative fuels in cement kilns could be substituted by sewage sludge, 

which might possibly generate less PAHs and dioxins (Conesa

several life cycle assessments of applica

showed that all the applications from 

especially artificial turf (SDAB, 2007

 

The waste hierarchy of EU waste 

ELTs, the management of ELTs should start from the stage of preparing for re

is the application for whole tyres.

includes shredded tyres and crumb and powdered rubber. 

option for ELTs because of disposal of ELTs 

1999). 

 

Figure 

 

But in reality, such a waste hierarchy is not always carried out. Recycled markets and 

available technologies are usually the limiting factors to the situation. 

scenarios on how these limiting factors affect ELTs in the 

sustainable management of ELTs.
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Numerous recovery methods of ELTs can be classified into energy recovery

recovery. And they can also be categorized by different recovery stages of ELTs, like 

whole tyres, shredded tyres, crumb and powdered rubber. Some applications 

could raise environmental and health concerns, for example the Swedish ch

agency (KemI) does not recommend artificial turf made from ELTs (KemI, 2009)

of potential environmental and health concerns, like the leaching of zinc and phenols 

from rubber granulates to soil and water. Other applications need more assessments, 

tyres as alternative fuels in cement kilns could be substituted by sewage sludge, 

which might possibly generate less PAHs and dioxins (Conesa et al., 2008).

everal life cycle assessments of applications for ELTs were conducted, and the results 

all the applications from recycled ELTs have positive environmental impact

SDAB, 2007; Clauzade, et al., 2009; Fiksel, et al., 2010

EU waste framework directive is shown in Figure 

ELTs, the management of ELTs should start from the stage of preparing for re

whole tyres. And then, the stage of recycling come

includes shredded tyres and crumb and powdered rubber. Energy recovery is the last 

because of disposal of ELTs has already banned in EU (European Union, 

Figure 1. Waste hierarchy of end-of-life tyres. 

But in reality, such a waste hierarchy is not always carried out. Recycled markets and 

available technologies are usually the limiting factors to the situation. 

scenarios on how these limiting factors affect ELTs in the future is important to 

sustainable management of ELTs. 

into energy recovery and material 

recovery. And they can also be categorized by different recovery stages of ELTs, like 

Some applications for ELTs 

Swedish chemicals 

agency (KemI) does not recommend artificial turf made from ELTs (KemI, 2009) because 

of zinc and phenols 

applications need more assessments, for 

tyres as alternative fuels in cement kilns could be substituted by sewage sludge, 

et al., 2008). However, 

ELTs were conducted, and the results 

ELTs have positive environmental impacts, 

2010). 

1. In the case of 

ELTs, the management of ELTs should start from the stage of preparing for re-use, which 

And then, the stage of recycling comes next, which 

Energy recovery is the last 

(European Union, 

 

But in reality, such a waste hierarchy is not always carried out. Recycled markets and 

available technologies are usually the limiting factors to the situation. Thus, different 

future is important to 



 

 

1.2 Business as usual model and waste hierarchy model

Currently, most research regarding 

which application provides most environmental and economic

research from a holistic point of view

employed in different recovery stages of

to holistically maximize the

 

Usually, applications for ELTs can be divided into three categories according to their 

recycling stage, which are whole tyres, shredded tyres, and granulated tyres. Energy 

recovery (cement kiln) is included in stages of whole tyres and shredded tyres as shown 

in Figure 2. The most popular application

and cement kiln (energy re

shredded tyres, and granulated tyres are usually used for energy recovery when they are 

worn out. 

 

 

But ELTs (and secondary products from ELTs) are valuable resources from a recycling 

point of view. The residual value should be maximized so as to optimize environmental 

and economic benefits derived from different applications 

recovery cycle is proposed as shown in 
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Business as usual model and waste hierarchy model 

Currently, most research regarding ELTs is focused on one single application 

which application provides most environmental and economic benefits. There is no 

research from a holistic point of view to examine and manage various

in different recovery stages of ELTs. Thus, this study would like to research how

maximize the environmental residual value of ELTs. 

ELTs can be divided into three categories according to their 

stage, which are whole tyres, shredded tyres, and granulated tyres. Energy 

recovery (cement kiln) is included in stages of whole tyres and shredded tyres as shown 

. The most popular applications for ELTs are artificial turf (granulated tyres) 

and cement kiln (energy recovery). Products of secondary recycling from

shredded tyres, and granulated tyres are usually used for energy recovery when they are 

Figure 2. Business as usual model. 

But ELTs (and secondary products from ELTs) are valuable resources from a recycling 

point of view. The residual value should be maximized so as to optimize environmental 

and economic benefits derived from different applications for ELTs. Therefore, a different 

cycle is proposed as shown in Figure 3. 

 

single application for ELTs, like 

benefits. There is no 

and manage various applications 

would like to research how 

ELTs can be divided into three categories according to their 

stage, which are whole tyres, shredded tyres, and granulated tyres. Energy 

recovery (cement kiln) is included in stages of whole tyres and shredded tyres as shown 

e artificial turf (granulated tyres) 

Products of secondary recycling from whole tyres, 

shredded tyres, and granulated tyres are usually used for energy recovery when they are 

 

But ELTs (and secondary products from ELTs) are valuable resources from a recycling 

point of view. The residual value should be maximized so as to optimize environmental 

ELTs. Therefore, a different 



 

In Figure 3, dotted lines 

hierarchy (cascading) model. 

when the products from the whole tyres are worn out, the resource can 

additional stages for further recovery. Thus, more values of ELTs would be achieved 

through further recycling. 

 

 

1.3 Aim and Objectives

Aim 

Holistically maximize the environmental residual value of ELTs from 2011 to 2020.

 

Objectives 

1. Collect opinions from experts 

both in 2011 and 2020.

2. Find out the most possible scenario in 2020.

3. Compare the business as usual model 

which model creates more

4. Discuss the possibilities for optimizing 
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 show the main recycling routes of ELTs based on 

model. The market for whole tyres should be explored more, and 

when the products from the whole tyres are worn out, the resource can 

additional stages for further recovery. Thus, more values of ELTs would be achieved 

 

Figure 3. Waste hierarchy model. 

Aim and Objectives 

Holistically maximize the environmental residual value of ELTs from 2011 to 2020.

from experts about the driving forces in the management of ELTs 

both in 2011 and 2020. 

ind out the most possible scenario in 2020. 

the business as usual model with the waste hierarchy model 

which model creates more environmental impacts from 2011 to 2020.

possibilities for optimizing future management of ELTs. 

of ELTs based on a waste 

whole tyres should be explored more, and 

when the products from the whole tyres are worn out, the resource can then be sent to 

additional stages for further recovery. Thus, more values of ELTs would be achieved 

 

Holistically maximize the environmental residual value of ELTs from 2011 to 2020. 

management of ELTs 

the waste hierarchy model to find out 

from 2011 to 2020. 
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1.4 System boundaries and limitations 

System boundaries 

This study only focuses on end-of-life tyres, thus tyres for retreading, reuse, and export 

are excluded from the study. Management of ELTs is a complicated issue faced by many 

countries; therefore this study sets global market of ELTs as system boundary. But when 

it comes to compare the business as usual model with the waste hierarchy model, this 

study focuses on the recycling market of ELTs in Sweden, because it is easier to compare 

the two models on a national scale instead of a global scale. 

 

Limitations 

Although the first-round questionnaire and final-round questionnaire were sent out to 

experts all around the world, there are only a few experts in Asia who replied to the 

questionnaires. Thus the result of this study could not be applicable to the recycling 

situation of ELTs in Asia. This study mainly focuses on the results of the driving forces of 

ELTs both in 2011 and 2020 and the most possible scenario in 2020, thus there is not 

much discussion about motivations which experts provided for their answers, and they 

are attached as Appendix III and Appendix IV. 

 

The purpose of the comparison of the two models is to see which one creates more 

environmental benefits. Although all assumptions of the comparison and all figures in 

these two models are hypothetical, many efforts are made to make it more realistic. Due 

to time constraints, a sensitivity analysis of the comparison has not been carried out. 
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2. Methodology 

This section presents how this study is conducted, including how the two rounds of 

questionnaires were implemented, the time frame of this study, the selection of experts, 

and the assumptions made in the comparison of the two models. 

 

2.1 Identification of driving forces and scenario development 

First-round questionnaire 

The first-round questionnaire aimed to collect opinions from experts about the driving 

forces in the management of ELTs both in 2011 and 2020. It was composed of three 

open-ended questions which collects perspectives and knowledge of ELTs from various 

experts. The first question was to identify the driving forces concerning the application 

of ELTs in 2011; the second question was to identify the driving forces for changes in the 

management of ELTs up to 2020; and the last question was to clarify how the driving 

forces that identified in question 2 change the system for ELTs up to 2020.  

 

The questionnaire was a web-based questionnaire and is disseminated by e-mail to the 

chosen experts and groups. After the experts filled out the on-line questionnaire and 

submitted it, their answers were automatically recorded. A follow-up mail was sent after 

one week time to remind them of the questionnaire. The first-round questionnaire is 

presented in Appendix I. Answers of the questionnaire were collected and compiled after 

two weeks’ time. 

 

Final-round questionnaire 

The final-round questionnaire was to find out the most possible scenario in 2020. Eight 

scenarios were developed based on the results from the first-round questionnaire. Five 

major driving forces are selected to create eight scenarios. Then, experts were asked to 

rank those scenarios in the order of the most possible to the least possible in 2020 and 

were also asked to explain why they choose their two most possible scenarios for the 

year 2020. Every scenario was given two hypothetical figures, which are percentages of 

energy recovery and material recycling. These figures were derived from discussion with 

experts and are used to find out which direction, material recycling or energy recovery, is 

more likely to happen in the future. 

 

The final-round questionnaire is also a web-based questionnaire and is disseminated by 

e-mail to the chosen experts and groups. A follow-up mail is sent after one week time to 

remind them of the questionnaire. The final-round questionnaire can refer to Appendix II. 

Answers of the questionnaire were collected and compiled after one week’s time. 
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Time frame 

The time frame in this study is set from the year 2011 to 2020. In 2010, The European 

Commission had set a smart, sustainable, and inclusive growth strategy, Europe 2020 

(European Commission, 2010) for the coming decade. In this strategy, issues like 

transportation and energy are set as priorities. Thus, it is expected that the situation 

regarding ELTs could change greatly in 2020, and a new assessment concerning the 

recycling of ELTs might be needed. Also it seems like a timeframe that can be reasonably 

speculated on (as opposed to a 50 year frame for example).  

 

Selection of experts 

Contact lists of experts were obtained from tyre or rubber related associations and 

companies, related government departments, scientists, and related groups on the 

website, LinkedIn. At last, 110 experts from 20 countries and 6 groups were chosen. 

 

2.2 Assumptions of the comparison between the two models 

The Swedish recycling market of ELTs is chosen to perform the comparison of the two 

models. In 2009 Sweden had a material recycling rate of 37% of the total ELTs and 

energy recovery rate of 63% (SDAB, 2010). The comparison is based on the result of 

most possible scenario for ELTs in 2020 to compare the environmental impacts of the 

models. 

 

Business as usual model and waste hierarchy model 

According to the result of the final-round questionnaire, recycling situation where 

material and energy applications are equal (scenario B) is the most possible scenario 

in 2020 (As shown by the result of the final-round questionnaire is displayed in Table 

5, page 14). Thus, both the business as usual model and the waste hierarchy model 

are applied to Scenario B in terms of environmental impact from 2011 to 2020. In the 

comparison, the material recycling rate is assumed to increase gradually and steadily 

from 2009 to 2020 until it reaches recycling rate of 50%, and energy recovery rate is 

assumed to decrease gradually and steadily from 2009 to 2020 until it reaches 

recovery rate of 50%.  

 

The difference between these two models is the recycling route of those worn-out 

products made from recycled ELTs. In business as usual model, worn-out products 

made from recycled ELTs are directly sent to energy recovery, and in waste hierarchy 

model, most of the worn-out products are sent to next stage for secondary material 

recycling. Both of the two models have the same amount of ELTs entered each year 

and it increases by 2% each year. 
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Application for ELTs 

Data collection of life cycle assessment of applications for ELTs is time consuming. Thus, 

for better data quality and representativeness, the applications analyzed in this study are 

only confined to those already assessed by SDAB (SDAB, 2007) which was performed in 

Sweden. These applications include, 

 

1. Reuse of tyres (landfill covering) 

2. Material recycling of tyres (football fields) 

3. Material recycling of tyres in asphalt 

4. Reuse of tyres as filling material in noise banks 

5. Incineration of tyres in a district heating plant (coal and bio boilers) 

6. Incineration of tyres in a cement kiln 

 

The six applications above include recycling stages of whole tyres (5, 6) and shredded 

tyres (1, 4, 5, and 6) and crumb and powered rubber (2 and 3). Some parts of whole 

tyres are also recycled to make blasting mats, but it does not involve in calculation of 

environmental impact because its amount used is rather stable over the past five years 

and therefore is assumed to remain stable in the next 10 years in both of the two models. 

The rubber modified asphalt will be recycled into asphalt again; thus there is no further 

recycling from rubber modified asphalt into other ELT application. Table 1 lists 

assumptions in the business as usual model and the waste hierarchy model. 

 

In Table 1, the comparison is based on the most possible scenario (scenario B) in 2020, 

that is, a 50-50 recycling situation of material recycling and energy recovery. Thus, the 

material recycling rate is estimated to rise to 50% of the total input of ELTs, and the 

energy recovery rate is estimated to decrease to 50%. The assumption of the input of 

ELTs and the amounts of regular maintenance for every application are derived from 

discussing with experts. The year the application starts and the market status are 

assumed to make the two models work from 2011 to 2020. The applications made from 

the material recycling of ELTs started in recent decade and they are rather durable, their 

lifetime depends on the how it is used and there is no exact lifetime, thus all the lifetime 

of each application are reasonably estimated from references. The ELT management 

system in Sweden is producer responsibility, and it does not track where these ELTs went 

when they are worn-out, thus the assumptions are made by discussion with experts. The 

amounts for tyres sent to cement kiln are assumed to decrease due to the rising of 

sustainability awareness as described in scenario B. 
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Table 1. Assumptions made in the business as usual model and waste hierarchy model. 

  Assumptions 

Input of ELTs 1. Increase by 2% every year. 

Whole tyres 

Blasting mat 

1. In a stable and saturated market.  

2. Lifetime is 5 years.  

3. Initial application starts in 2005. 

Energy recovery 
1. Including incineration of tyres in district heating 

plants and cement kilns.  

Shredded tyres 

Landfill covering 

1. In a saturated market. 

2. Life time is 20 years. 

3. Regular maintenance is stably required every year. 

4. Initial application starts in 2005. 

Noise bank 

1. In a stable and not saturated market. 

2. Lifetime is 10 years. 

3. About 10% of the input is used in regular 

maintenance. 

4. Initial application starts in 2003. 

Energy recovery 
1. Including incineration of tyres in district heating 

plants and cement kilns.  

Granulated 

tyres 

Asphalt 
1. In a stable and not saturated market. 

2. Unending lifetime. 

Artificial turf 

1. In a stable and not saturated market.  

2. Lifetime is 10 years.  

3. About 10% of the input is used in regular 

maintenance. 

4. Initial application starts in 2005. 

Secondary 

recycling 

(waste 

hierarchy 

model) 

85% of recycled blasting mat are sent to noise banks, 10% to artificial turf, 

and 5% to energy recovery. 

95% of recycled shredded tyres are sent to artificial turf, and 5% to energy 

recovery. 

Energy 

recovery 

The amount sent to district heating plants increases by 3% of the amount 

of total energy recovery every year, and the amount sent to cement kiln 

decreases by 3% every year. 
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3. Results 

This section presents the results of the two rounds questionnaire, including the driving 

forces of ELTs and the most possible scenario for ELTs. The second section shows the 

result of the comparison of the business as usual model with the waste hierarchy model 

from 2011 to 2020. 

 

3.1 First-round questionnaire 

There are 29 experts replied in total. Figure 4 shows the distribution of the experts by 

working area and by continent. 

Figure 4. Distribution of experts who replied to the first-round questionnaire. 

 

All answers collected from question 1 and 2 were categorized into different driving forces 

and the results are presented in Figure 5 and Table 2. The results showed the percentage 

of experts chosen each driving force, and it can be seen as the importance of each 

driving force. In question 1, which concerns the year of 2011, price of substitute 

products is the most acknowledgeable driving force identified by the experts, followed 

by recycled material’s market, environmental legislation, and technology. In question 2, 

which concerns the year of 2020, the importance of price of substitute products 

decreased by 8.6%, while sustainability awareness increased by 4.5% and environmental 

legislation increased by 4%. Environmental legislation, recycled material's market, 

technology, and price of substitute products are the major four driving forces in 2020. 

 

Research

7%
Public 

sector

45%

Private 

sector

48%
Europe

31%

North 

America

55%

Asia

14%
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Figure 5. Comparison of driving forces from Question 1 and 2 in the first-round 

questionnaire. 

 

Table 2. Results of question 1 and 2 in the first-round questionnaire. 

DRIVING FORCES 

QUESTION 1* QUESTION 2** 

Number of experts % Number of experts % 

Price of substitute products 18 24.3% 11 15.7% 

Recycled material's market 16 21.6% 13 18.6% 

Environmental legislation 15 20.3% 17 24.3% 

Technology 13 17.6% 13 18.6% 

Global economic activity 3 4.1% 3 4.3% 

Sustainability awareness 3 4.1% 6 8.6% 

Quality of recycled material 3 4.1% 1 1.4% 

Government subsidy 1 1.4% 1 1.4% 

Innovation 1 1.4% 3 4.3% 

Logistics 1 1.4% 1 1.4% 

GHG credits 0 0% 1 1.4% 

Total 74 100% 70 100% 

*Please identify what you believe to be the three most important driving forces concerning the application of 

ELTs in 2011. 

**What do you think might be the three largest driving forces for changes in the management of ELTs up to 

2020? 
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Answers of question 3 are derived from how the driving forces the experts identified in 

question 2 changes the system for ELTs up to 2020, and are presented in Appendix III. 

Answers are modified to secure anonymity. Many different possibilities and obstacles 

were presented concerning the development of ELTs up to 2020. Most answers were 

based on the perspectives of the driving forces identified in previous questions. Some 

other factors have also been mentioned, like overpopulation, education for associated 

persons, and increasing car amounts. Most of the driving forces are interconnected and 

crucial to the development of ELTs up to 2020. Thus, it is important to manage ELTs from 

a holistic point of view instead of from a single driving force. 

 

3.2 Final-round questionnaire 

Based on the results of the first-round questionnaire, six driving forces are used to create 

eight scenarios, as presented in Table 3. Blank areas under each scenario in Table 3 

means the situation in 2020 remains the same as in 2011. 

 

Table 3. Driving forces used in scenarios. 

Driving forces 

Scenarios 

A B C D E F G* H 

Technology 
Technology breakthrough in 

clean energy         

Environmental 

legislation 

Stricter environmental 

legislation         

Sustainability 

awareness 

Rise of sustainability 

awareness         

Innovation 
Environmental friendly 

applications for ELT reuse         

Price of 

substitute 

products 

Price of rubber 
        

Price of fossil fuels 
        

*Scenario G is assumed that nothing changes greatly in 2020, business as usual. 

 

Eight scenarios are presented in Table 4, which focuses on the comparison of material 

recycling with energy recovery. The percent under material and energy recovery is an 

approximate number used to facilitate the comparison of the different scenarios. 
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Table 4. Scenarios for ELTs in 2020. 

Scenarios 
Material 

recycling 

Energy 

recycling 
Description 

A 100% 0% 

Due to huge breakthrough of technology, clean and 

affordable energy is available. There is no need for ELTs to be 

used for energy recycling. Material recycling becomes the 

only option for ELTs. 

B 50% 50% 

Due to increasingly limited fossil fuels and a rise of 

sustainability awareness, applications for ELTs are growing 

both in material and energy recycling. 

C 75% 25% 

Due to pollution generated by burning ELTs, the legislature 

set strict laws regulating energy recycling of ELTs. Resultingly, 

more tyres are material recycled. 

D 75% 25% 

Due to increasing amount of ELTs, the industry increases their 

involvement in tyre recycling. Demand for energy applications 

remain the same as today, but more environmental friendly 

applications for ELTs are developed and profitable. Thus, 

most ELTs are used for material recycling. 

E 80% 20% 

With increasing population and vehicles around the world, 

more rubber is needed each year to produce tyres. The price 

of rubber is increasing, and most ELTs are reused as rubber 

substitute products or retreaded. 

F 10% 90% 

Limited fossil fuels are running out. Energy prices rise 

dramatically, and demand for alternative energies rise 

immensely. Most ELTs are used for energy recycling. 

G 

Europe (2009) 
No significant breakthrough in technology or great 

improvement in market demand for ELTs, the situation of 

ELTs remains as the same as today. 

46% 49% 

U.S.A. (2007) 

35% 54% 

H 5% 5% 

No significant breakthrough in technology or great 

improvement in market demands for ELTs, along with stricter 

environmental legislation for environmental and health 

concerns, ELTs have nowhere to go but landfill. 
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There are 23 experts who answered the final-round questionnaire. Figure 6 shows the 

distribution of the experts by working area and by continent. 

Figure 6. Distribution of experts who replied to the final-round questionnaire. 

 

Table 5 shows the distribution of all ranks in each scenario, and each rank is assigned a 

score to calculate the overall ranking of all scenarios. The total score of a scenario comes 

from the sum of the scores times the number of experts in each rank. Obviously scenario 

B is the most possible scenario in 2020 (score 150), and scenario H is the least possible 

(score 39). Scenario C and D could be categorized into one scenario for their scores does 

not present significant difference (score 120 vs. 114) and they have similar recycling 

percentage (75% vs. 25%, and 75% vs. 25%). 

 

Table 5. The result of final-round questionnaire and overall ranking of all scenarios. 

Rank (Score) 
Scenarios 

A B C D E F G H 

1 (8) 1 11 1 1 2 1 3 0 

2 (7) 0 4 3 7 2 2 2 0 

3 (6) 0 3 4 4 3 5 2 0 

4 (5) 2 1 9 3 4 1 4 0 

5 (4) 5 2 2 4 4 3 2 3 

6 (3) 2 1 2 2 4 7 3 1 

7 (2) 5 0 1 1 3 3 4 6 

8 (1) 7 0 0 0 0 0 2 12 

Total scores 61 150 114 120 102 96 97 39 
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In the final-round questionnaire, most experts explained the reason why they chose the 

two most possible scenarios for the year 2020, and the answers are presented in 

Appendix IV. There were even some experts that did not agree with the scenarios or 

driving forces on the questionnaire and provided their own opinions instead. Diversified 

answers are collected and carefully considered to explore the most possible scenario for 

the future management of ELTs. 

 

3.3 Comparison of the business as usual model with the waste 

hierarchy model 

Figure 7 and Figure 8 present the results of applying the two models to scenario B in 

2020 and the detailed data from 2011 to 2020 are listed in Appendix V. Flow I is the input 

of ELTs coming into the recycling system every year with a 2% increase rate from 2009. 

All figures in these two models are hypothetical and is calculated based on the recycling 

situation in Swedish market in 2009 and also based on the assumptions made earlier. 

 

 

Figure 7. Application of business as usual model to scenario B in 2020 (in tons). 
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Figure 8. Application of waste hierarchy model to scenario B in 2020 (in tons). 

 

Figure 9 is the sum of the amount used in energy recovery and material recycling in both 

of the two models and shows how the trend of how energy recovery and material 

recycling change from 2011 to 2020 to meet the status of scenario B. Detailed data can 

refer to Appendix V. The sum of the percentage of the material recycling of granulated 

tyres, shredded tyres, and whole tyres equals the percentage of energy recovery in 2020, 

which is 50% recycling rate (based on the most possible scenario of ELTs in 2020). 
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Figure 10 shows the amount of worn-out products from each application generated from 

both of the two models. Detailed data is included in Appendix V. The increase in energy 

recovery in both two models in 2015 resulted from the worn-out products from artificial 

turf. Because artificial turf is assumed to start from 2005 and have a 10 years’ lifetime, 

therefore in 2015, a huge demand for ELTs from artificial turf comes up and also a lot of 

worn-out artificial turf is sent to energy recovery. 

 

*The trend of energy recovery is the sum of flow 5 and flow 18 in Figure 7 and the sum of flow 5 and flow 21 in 

Figure 8. 

The trend of material recycling (whole tyres) is flow 2 both in Figure 7 and Figure 8. 

The trend of material recycling (shredded tyres) is flow 3 both in Figure 7 and Figure 8. 

The trend of material recycling (granulated tyres) is flow 4 both in Figure 7 and in Figure 8. 

 

Figure 9. Trends of ELT recycling percentage in the two models from 2011 to 2020. 
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*The amount of business as usual model is the sum of flow 15, flow 16, and flow 17 in Figure 7. 

The amount of waste hierarchy model (material recycling) is the sum of flow 15, flow 16, and flow 18 in Figure 8. 

The amount of waste hierarchy model (energy recover) is the sum of flow 17, flow 19, and flow 20 in Figure 8. 

 

Figure 10. The amount of worn-out products from each application in the two models 

from 2011 to 2020 (in tons). 

 

Figure 11 shows the reductions of four environmental impacts from 2011 to 2020 

generated from the two models. Figure 12 shows the trend of the each environmental 

impact from 2011 to 2020 generated from the two models. Detailed data can be found in 

Appendix V. Environmental impact data comes from the “Comparative life cycle 

assessment of the utilization of used tyres” report (SDAB, 2007). Both of Figure 11 and 

Figure 12 are derived from the multiplication of the tyre amount used in each application 

with the normalization factor for each environmental impact. All of the environmental 

impact data has been normalized. Normalization is used to relate the impact of these 

applications with the total impact in Sweden during 1990 for each impact category. The 

data of environmental impact represent how much environmental impact is reduced by 

replacing the original material with ELTs, thus if the data is smaller, it means it is more 

environmentally beneficial. 
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For global warming the normalization factor is divided with the national contribution 

in Sweden during 1990, which were 9.0 x 1013 CO2 equivalents. For acidification, it 

was 7.6 x 1011 kg SO2 equivalents. For eutrophication, it was 6.4 x 1011 kg NOX 

equivalents. For photochemical ozone formation, it was 1.84 x 1011 kg ethene 

equivalents (SDAB, 2007). 

 

 

Figure 11. Total reductions of environmental impacts from the two models. 
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Figure 12. Different environmental impacts generated from the two models. 
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4. Discussions 

This section discusses the driving forces and the most possible scenario of ELTs in 2020, 

and also the comparison of the two models, and other issues. 

 

4.1 Scenario for ELT management up to 2020 

Driving forces of ELTs 

In Table 2, among the driving forces, the price of substitute products and the recycled 

material’s market are strongly interconnected. If the energy price increased dramatically, 

then, the recycled material’s market would demand for more ELTs as alternative fuel, 

because it is cheaper. Environmental legislation sets boundaries for the application of 

ELTs, and it could also affect the demand from the recycled material’s market for ELTs. 

 

The results of Table 2 shows in 2020 the recycled material’s market and the price of 

substitute products become less important than 2011. Instead, sustainability awareness, 

innovation, and environmental legislation play more important roles than 2011. This 

suggests that the government might play the guiding role in the ELT market for ELT 

traders, processors, and manufacturers of the applications. The government regulates 

the environmental legislation, like what substance cannot be recycled into products, and 

the pollution concentration limit generated from burning the ELTs. And with the rising of 

sustainability awareness, more innovative applications are expected to come up to 

better manage these valuable resources. 

 

The most and least possible scenario in 2020 

The result of the final-round questionnaire shows that most experts believe an equal 

recycling situation both in material and energy is the most possible scenario in 2020. This 

suggests that material recycling of ELTs is supposed to rise by 4% in Europe and 15% in 

the U.S., and energy recovery of ELTs is supposed to change by -4% in the U.S. and 1% in 

Europe in 2020. The second most possible scenario is scenario C and D, which have 

higher recycling percentage in material than in energy. The result of the questionnaire 

shows that most experts think the increase in material recycling of ELTs is more possible 

to happen than the increase in energy recovery of ELTs in 2020. 

 

Scenarios with extreme recycling percentages, like 100%, 5%, and 0%, are unlikely to 

happen. Besides, there is also a possibility that different scenarios could happen at the 

same time. However it is very difficult to predict the future, with so many driving forces 

interacting with each other and so many uncertainties within the system.  
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Nine years, from 2011 to 2020, is a not a long period of time, and now there is still plenty 

of room for improvement in energy or material recycling of ELTs. Thus, scenario B has a 

better opportunity to be achieved than other scenarios. Although scenario B is the most 

possible scenario for the year 2020, different countries or continents may have different 

situations to work on. And there are not enough Asian, African, and Australian experts 

participated in this study, thus scenario B may not be the most possible scenario for 

those continents. 

 

Tyre management from 2011 to 2020 

From the current situation of tyre recycling to the most possible scenario (scenario B) in 

2020, more tyres need to be recycled materially. Figure 13 is the difference of the 

percentage of driving forces from 2011 and 2020 in Table 2 and presents how the driving 

forces might change from 2011 to 2020. Thus, the results suggest that the market is not 

the dominant factor in the near future and stricter environmental legislation could 

possibly be placed on the emissions from burning ELTs and also prohibit ELTs from being 

sent to landfills. The rising of sustainability awareness would help develop the 

management for ELTs as well. Additionally, more innovations are expected to facilitate 

more tyres to be recycled materially in 2020. 

 

Figure 13. Changes of selected driving forces from 2011 to 2020. 

 

 

-0.9%

-0.3%

0.4%

0.1%

0.5%

-0.3%

0.3%
0.1%

-10%

-8%

-6%

-4%

-2%

0%

2%

4%

6%

P
ri

ce
 o

f 
su

b
st

it
u

te
 

p
ro

d
u

ct
s

R
e

cy
cl

e
d

 m
a

te
ri

a
l'
s 

m
a

rk
e

t

E
n

v
ir

o
n

m
e

n
ta

l 

le
g

is
la

ti
o

n

T
e

ch
n

o
lo

g
y

S
u

st
a

in
a

b
il

it
y
 a

w
a

re
n

e
ss

Q
u

a
li

ty
 o

f 
re

cy
cl

e
d

 

m
a

te
ri

a
l

In
n

o
v
a

ti
o

n

G
H

G
 c

re
d

it
s

P
e

rc
e

n
ta

g
e

 o
f 

e
x
p

e
rt

s



23 

 

4.2 Comparison of the two models 

The comparison of the two models is based on the most possible scenario in 2020, that 

is, an equal recycling rate of material and energy for ELTs. The purpose of the comparison 

in this study is to compare the environmental impacts of the two scenarios. It is difficult 

to predict the future. In the comparison, many important factors are not incorporated 

into the comparison, like the breakthrough of technology, development of applications 

for ELTs, changes in fuels used to create substitute energy (i.e. a shift to renewable), 

limitations from environmental legislation on applications for ELTs, and only seven 

applications in the comparison could not reflect the real situation in Sweden. 

 

The result of the comparison of the waste hierarchy model with the business as usual 

model shows that the waste hierarchy model could generate more environmental 

benefits by saving more materials from being sent to energy recovery. These two models 

are assumed to have the same starting point, for example, the same amount of ELTs 

every year, the same recycling rate for each application for ELTs, the same amount of 

materials leaving the application for next stage every year, etc.  

 

Although sending ELTs to a cement kiln is the second best approach of managing ELTs 

among those six applications in the SDAB lifecycle report (SDAB, 2007), considering the 

results of the driving forces for ELTs in 2020 and scenario B, a decreasing recycling rate of 

cement kiln and an increasing recycling rate of energy plant is incorporated in both of 

the two models to make the model more realistic. The report also shows that burning 

ELTs in district heating plant contributes to global warming and acidification. This 

explains why in Figure 12 the business as usual model has a slowly rising trend in global 

warming and acidification. Fossil fuels have limited amount in the world and it generates 

huge pollutions. Nuclear power plants also use limited elements and there is still no 

solution for its wastes. It is expected that more and more countries will shift their energy 

use from fossil fuels to renewable energy. 

 

In the waste hierarchy model, all materials from secondary recycling are sent to noise 

banks and artificial turf. Figure 14 presents the result of another recycling situation, 

which diverts all recycled materials to asphalt instead of artificial turf. The result shows 

that the environmental impact of business as usual model outstrips waste hierarchy 

model in most categories of environmental impact, except for global warming, with just 

a little bit difference. According to the SDAB lifecycle report, asphalt is the worst 

application among those six applications in terms of environmental impact. Figure 14 

shows even replacing the most environmental beneficial application with the worst, 

waste hierarchy model still remains an environmental beneficial way of managing ELTs. 
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Figure 14. Environmental impacts from another recycling situation. 

 

The amount of material recycling (secondary recycling) and energy recovery (worn-out 

products) in waste hierarchy model is more than the amount of energy recovery 

(worn-out products) in business as usual model from 2011 to 2020, as Figure 10 shows. It 

is expected that the difference of the amount of secondary recycling material between 

these two models would be bigger and bigger in the long run. In business as usual model, 

secondary recycling materials are only sent to energy recovery. But in waste hierarchy 

model, most of the secondary recycling materials are further recycled into other 

products, they are still in the model. When its lifetime comes to an end, it will leave for 

next stages. For example, one unit of secondary recycled material sent to energy 

recovery in the business as usual model could be three units in the waste hierarchy 

model, because it would go through two more stages in waste hierarchy model than 

business as usual model. Though in this study it does not show the changes, because of 

the time period is short, and those applications have a long lifetime. 

 

In waste hierarchy model, a material could be recycled for four times at most, for 

example, blasting mats, noise banks, artificial turf, and energy recovery. In this way, 

potential material residual value of ELTs could be explored more, and more ELTs could 

be utilized instead of directly sending to energy recovery. But in business as usual 

model, a material could only be recycled twice, for example, blasting mats and energy 

recovery. With more and more materials are being recycled from sending to energy 

recovery every year and are being sent for further material recycling, more 

environmental and economic benefits could be created. The result of this comparison 

shows that if wastes are well managed, a lot of environmental benefits could be created 

without compromising economic growth. 
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Sweden has a higher energy recovery rate of ELTs than material recycling rate from 2006 

to 2009 (SDAB, 2010). A tyre granulation factory in Sweden will be in operation in 

autumn in 2011, and this means more ELTs would be recycled materially to create more 

environmental benefits. To maximize the environmental benefits from recycling of ELTs 

and to make recycling of ELTs more sustainable, more applications of ELTs is required in 

all recycling stages of ELTs, as whole tyres, shredded tyres, and granulated tyres. Thus, 

the whole recycling system of ELTs can be more robust. For example, if the energy price 

decreases, even lower than shredded tyres, ELTs still have somewhere else to go and the 

low energy price would not have such a large impact on the recycling system of ELTs. 

 

In the waste hierarchy model the quality concern about the application for the shredded 

tyres and for the granulated tyres could be neglected because the waste hierarchy model 

of ELTs is a downgrade recycling. Worn-out products from whole tyres, like blasting mats, 

could be shredded and then send to the stage of shredded tyres for further recycling. 

Badly worn-out products from whole tyres could be granulated and then send to the 

stage of granulated tyres for further recycling. 

 

And the concern about accumulation of contaminations coming from the life stages in 

the waste hierarchy model could also be ignored. The applications for the whole tyres 

and shredded tyres are usually in the form of materially reuse of these ELTs, hence there 

is no concern of accumulated contaminants in these applications. In the applications for 

the granulated tyres there is a concern of accumulated contaminants if it is material 

recycled again. But in the waste hierarchy model, the stage after granulated tyre is 

energy recovery, thus there is no concern about accumulated contaminants in the waste 

hierarchy model. There is some concerns about the applications further down the waste 

hierarchy may have higher substance requirements. 
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5. Conclusions 

The survey of the driving forces concerning the management of ELTs suggests 

environmental legislation is expected to be stricter in 2020, and the market would move 

from profit oriented applications for ELTs to environmental friendly applications for ELTs. 

The most possible scenario for ELT management in 2020 suggests both in Europe and 

America material recycling percentage of ELTs is expected to rise and energy recovery 

percentage of ELTs is expected to fall. The comparison of the business as usual model 

with the waste hierarchy model demonstrates that more environmental benefits would 

be generated if ELTs undergo more recycling stages. 

 

From the perspective of industrial ecology, tyres should be designed to facilitate 

recycling when it is discarded, like the prevention stage in waste hierarchy for end-of-life 

tyres in Figure 1. For example, hazardous substances (to humans and the environment) 

in tyres should be phased out gradually, including metals and some chemicals. A good 

start has been provided by the EU in 2010; EU Directive 2005/69 which restricts extender 

oils to less than 1 mg/kg Bap, or 10 mg/kg of all listed PAHs by 1 January 2010 (European 

Union, 2005). By doing so, more applications for material recycling of ELTs are expected. 

If hazardous substances cannot be phased out, it should be designed to be easily 

recycled. Design of tyres is so important that it should be incorporated into legislations 

to force every tyre manufacturers to do so in order to achieve sustainable management 

of tyres. 

 

The ELT management in Sweden is controlled by producer responsibility. This 

management system covers almost half of EU members, and so far it has effectively 

controlled the flow of used tyres. However, it fulfills its responsibility once ELTs enter a 

new life stage and does not regulate and keep track on them after this first place, like 

products made from ELTs. It would be impossible to maximize the residual value of ELTs if 

it is not well managed. Thus, ELT management system should be extended to the 

physical end of tyres, that is, energy recovery.  
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Appendices 

Appendix I [Questionnaire on end-of-life tyres (ELTs) – first-round 

questionnaire] 

Dear Sir/Madam, 

 

My name is Hong-Mao Lin. I am a master student of sustainable technology in the Royal 

Institute of Technology (KTH) in Stockholm, Sweden. Currently, I am working on my 

master thesis regarding the eco-efficiency of the various applications for end-of-life tyres 

(ELTs). This questionnaire is to collect your perspectives and knowledge in regards to ELTs, 

and then to create different scenarios for the future of ELTs. 

 

Thus, I would deeply appreciate if you could spend some time and fill out this (short, 

three questions) questionnaire. The result will be anonymous and sent to you once the 

investigation is finished. At the end of the questionnaire is additional information 

regarding ELTs. Please do not hesitate to contact me if you have any questions, my e-mail 

address is hmlin@kth.se. 

 

Questions 

1. Please identify what you believe to be the three most important driving forces 

concerning the application of ELTs in 2011 (e.g. Recycled material’s market, 

environmental legislation, technology, global economic activity, price of substitute 

products such as oil and coal, etc. Please use these or your own examples). 

 

                                                                            

 

                                                                            

 

2. What do you think might be the three largest driving forces for changes in the 

management of ELTs up to 2020? (Please use examples mentioned in question 1 or 

your own examples) 

 

                                                                            

 

                                                                            

 

3. How might these driving forces you identified in question 2 change the system for 

ELTs up to 2020? (e.g. Systems like collection, treatment, sales, and etc.) 
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Personal Information (All your information will be kept confidential) 

Name: 

 

                          

 

Organization: 

 

                          

 

Position: 

 

                          

 

E-mail address 

 

                          

 

Additional information of ELTs and its applications 

According to the European tyre & rubber manufacturers’ association, ELTs are those 

tyres that cannot be used for their original purpose and go directly into the waste 

management system for recovery, thus export and retread of used tyres are not included 

in the classification of ELTs. Disposal of ELTs in landfill has been banned in Europe since 

2003. Material recycling of ELTs includes various forms of whole tyres, shredded tyres, 

crumb, and powdered rubber. There are numerous applications for ELTs, such as artificial 

turf, moulded objects, rubber modified asphalt, energy recovery in cement works, etc. 
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Appendix II [Questionnaire on end-of-life tyres (ELTs) – final-round 

questionnaire] 

The following eight scenarios are created based on the answers from the initial 

questionnaire. We would appreciate if you would help us in one last round to rank the 

following eight scenarios in the order of the most possible in 2020 (#1) to the least 

possible (#8).  

 

The percent of material recycling and energy recycling after each scenario is an 

approximate number used to facilitate the comparison of the different scenarios. 

Materially recycling of ELTs includes reuse stages of whole tyres, shredded tyres, and 

crumb and powdered rubber, and under each stage there are numerous applications. 

Energy recycling of ELTs is to use ELTs in cement kilns, pulp and paper mills, electric arc 

furnaces, etc. for energy recovery.  

 

Thank you for your contribution! The result will be anonymous and sent to you once the 

investigation is finished. At the end of the questionnaire is additional information 

regarding ELTs. Please do not hesitate to contact me if you have any questions, my e-mail 

address is hmlin@kth.se. 

 

Scenario A (Material recycling of ELTs≈100%; Energy recycling of ELTs≈ 0%) 

Due to huge breakthrough of technology, clean and affordable energy is available. There 

is no need for ELTs to be used for energy recycling. Material recycling becomes the only 

option for ELTs. 

 

        

 

Scenario B (Material recycling of ELTs≈ 50%; Energy recycling of ELTs≈ 50%) 

Due to increasingly limited fossil fuels and a rise of sustainability awareness, applications 

for ELTs are growing both in material and energy recycling. 

 

        

 

Scenario C (Material recycling of ELTs≈ 75%; Energy recycling of ELTs≈ 25%) 

Due to pollution generated by burning ELTs, the legislature set strict laws regulating 

energy recycling of ELTs. Resultingly, more tyres are material recycled. 

 

        

 



33 

 

Scenario D (Material recycling of ELTs≈ 75%; Energy recycling of ELTs≈25%) 

Due to increasing amount of ELTs, the industry increases their involvement in tyre 

recycling. Demand for energy applications remain the same as today, but more 

environmental friendly applications for ELTs are developed and profitable. Thus, most 

ELTs are used for material recycling. 

 

        

 

Scenario E (Material recycling of ELTs≈ 80%; Energy recycling of ELTs≈ 20%) 

With increasing population and vehicles around the world, more rubber is needed each 

year to produce tyres. The price of rubber is increasing, and most ELTs are reused as 

rubber substitute products or retreaded. 

 

        

 

Scenario F (Material recycling of ELTs≈ 10%; Energy recycling of ELTs≈ 90%) 

Limited fossil fuels are running out. Energy prices rise dramatically, and demand for 

alternative energies rise immensely. Most ELTs are used for energy recycling. 

 

        

 

Scenario G (Material recycling of ELTs≈ 46%; Energy recycling of ELTs≈ 49% in Europe in 

2009; Material recycling of ELTs≈ 35%; Energy recycling of ELTs≈ 54% in the U.S. in 2007) 

No significant breakthrough in technology or great improvement in market demand for 

ELTs, the situation of ELTs remains as the same as today. 

 

        

 

Scenario H (Material recycling of ELTs≈ 5%; Energy recycling of ELTs≈ 5%) 

No significant breakthrough in technology or great improvement in market demands for 

ELTs, along with stricter environmental legislation for environmental and health concerns, 

ELTs have nowhere to go but landfill. 

 

        

 

Please explain why you believe your choices (#1 and #2) are most possible for the year 

2020. 
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Personal Information (All your information will be kept confidential) 

Name 

 

                          

 

Organization 

 

                          

 

Position 

 

                          

 

E-mail address 

 

                          

 

Other comments 
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Appendix III [Answers of question 3 in the first-round questionnaire] 

No. 
How might these driving forces you identified in question 2 change the system for 

ELTs up to 2020? 

1 
New companies coming up who are interested in collecting and reuse/recycle the 

tyres. 

2 Sales. 

3 

1. Could be so that innovations towards new applications start to move. 

2. Quality demands, as well as oil prices, could increase prices on the recycled 

material, and thus change the need for "subsidies". 

4 1. More efficient collection and treatment 2. More sustainable markets. 

5 

1. Legislation. Growing awareness in countries where the management of ELTs has, 

not been as strong to date will lead to the development of management systems and 

legislation. This is already being seen in Russia and China. 2. Innovation. Given 

natural resource constraints and economic factors, the development of innovative 

uses for end of life tires is increasingly recognized and important. 

6 

The market will always travel to the most profit. Regulation must be stable, market 

for end use must be expanding, and there should be little chance that if someone 

makes an investment that makes assumptions on current conditions those conditions 

cannot radically change on a dime. 

7 

Collection systems for waste tires should grow and become more efficient, 

processing networks should be able to expand to manage the increased waste tire 

flow, and hopefully the market place will continue to grow for the processed waste 

tire material. 

8 Recycled rubber suppliers need to scale up and become most technically capable. 

9 1. Efficiency 2. Better storage 3. Less contaminants 

10 
1. Super sorting 2. Increased volume of crumb 3. Lower cost of crumbing equipment 

and crumb. 

11 

1. Economic needs are created by people: (a) overpopulation, (b) mass aspirations, 

(c) mass opinion on environmental issues. China and India are plagued and driven by 

'a' and are sadly under-vocal on 'c'. 'b' is conceivably independent of politico- 

economic geography but rather nascent and therefore active in the two countries 

named. A great deal of economic activity will originate at one or both till 2020. 

Whichever way it goes, demand for reclaimed rubber will continue to be great. 

2. Mass opinion on environmental issues (backed by massive agitations) can change 

the system for ELTs during the said period. But, then, has the trampling tread of 

'civilization' (a nomenclatural contradiction for it was never known to be 'civil') ever 

slowed down since it had begun in Ur of Mesopotamia? 
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12 

With a commercially proven ability to efficiently and effectively recycle waste rubber, 

you are ultimately making waste rubber a commodity, much like scrap metal HMS 1 

and 2.  

The growing and emerging world markets and costs increasing will make it a far more 

reasonable alternative. 

13   

14 

Demand for alternative fuels (TDF) could drive prices paid for TDF higher and in turn, 

affect future production of crumb rubber for recycling applications. On the flip side, 

escalating prices for virgin rubber could also affect market demand for recycled 

rubber. 

15 
As markets change for whatever reason, how will markets for other materials be able 

to adjust to more or less supply? 

16 
As the processed tires become more valuable, we might be able to see a decrease in 

the landfilling of what should be a valuable product. 

17 

As energy cost continues to rise, TDF offers an alternative fuel source to coal and oil. 

While burning tires is often questioned by the environmental community, improved 

technology should help by offering better protection of air quality. Technology 

should also improve processing and hopefully decrease production costs for TDF and 

TDA, making them more attractive in the marketplace. I would hope higher demand 

coupled with improvements in technology would result in lower tipping fees for 

waste tires and higher product prices for the end products, driving more waste tires 

into the recycling stream. 

18 

1. Education of all sectors is important, proper management of ELTs is not seen as a 

priority here. Our legislators are not educated on ELT issues and do not recognize 

problems or solutions for ELTs. 

2. The only practical outlets for ELTs would be for alternative fuel in a power plant 

and engineering uses. Currently there is no incentive for pursuing these outlets. 

Alternatively, changes in air quality laws may provide a disincentive for TDF markets. 

Education and incentives for transportation projects could help foster engineering 

uses. 

3. Higher oil prices may make some markets more attractive. 

19 

Legislation that requires recycling and reuse of the tire will remove the tire from the 

landfill. That will increase the demand for reuse/recycle. In the absence of 

government mandate the market dictates the recycling and reuse. If market demand 

is lacking the ELT will not get recycled. Until the tire has market value at it's end of 

life, the trend will be to dispose of it not recycle or reuse it. 

20 
These three driving forces will determine the direction of ELTs system. System 

collection and sales. 
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21 

If the market for recycled materials picked up, then more tires could be recycled 

rather than landfilled. If the price of traditional fuel were to increase, then using tires 

as fuel would become more economically viable. More vehicles throughout the world 

will increase the amount of tires in the waste stream and possibly encourage more 

recycling of tires in order to save space in landfills. 

22 1. Sales 2. Treatment. 

23 

1. New technologies could use tire-derived rubber in new/innovative ways. 

2. The price of energy will have the same impact in 2010 as it does today. 

3. Perhaps by 2020 consumers will become more aware of the need to buy recycled 

products. 

24 

If more work was done to recognize the benefits of using ELT material as opposed to 

traditional materials then markets would evolve. This would increase the volume of 

ELTs being collected into a recycling system and re-purposed. 

25 It will affect collection and treatment. 

26 

Well before 2020 you can expect to see ELT's no longer being treated as scrap and 

will become effectively a raw material in process with inherent value. A system will 

be in place which will put it ELT's into an established process flow leading to 

devulcanization and compound production. A proportion of the resultant compound 

would go back into tire production and the balance would find its way into a wide 

variety of applications ranging from automotive components and general rubber 

goods. Given the balance of the material will have to compete with rubberized 

bitumen and athletic applications, being used for a coal substitute is highly unlikely. 

27 

These drivers will influence the level of infrastructure of tire collection and 

processing to a more efficient end. As higher value applications are proven and 

commercialized the value of scrap tires will increase. Also the need for subsidization 

of governments will decrease lessening the burden on the tax payers. 

28 

As mentioned we could assist in the future in a further expansion of the Producer 

Responsibility system in some other EU country. This would imply possibly a more 

harmonized system across the whole Europe. About treatment technologies: any 

further innovation would probably not change significantly the ELT management 

system, but might imply environmental and economic benefits for the community. 

29 

If a tyre maker wants to use recycled materials in the tyres, then they will need large 

quantities of qualified material, available in multiple locations around the world. A 

network of professional high volume recycling operations is essential if this is to 

happen. 

Note, Some answers have been modified to secure anonymous. 
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Appendix IV [Answers to the most two possible scenarios in the 

final-round questionnaire] 

No. 
Please explain why you believe your choices (#1 and #2) are most possible for the 

year 2020. 

1   

2   

3 
An increase in consumption of both materials and energy will result in a higher 

market value for the ELTs both as material and as fuels 

4 
Es imposible valorizar materialmente el 100% de los neumaticos. (It is physically 

impossible to exploit 100% of the tires.) 

5 

The amount of ELT available for all applications will increase globally because  

- Collection and distribution infrastructure will become more efficient and more 

widespread. 

- More countries will adopt landfill restrictions. 

- Increase in consumer tire demand and thus tire waste will outstrip today's scrap 

use levels. 

How the ELT will be used (recycling vs. burning) will be impacted by  

- More demand for petrochemical substitutes (polymer and chemicals) from scrap 

due to elevated petroleum prices and chemical shortages. 

- About the same consumption of petroleum based fuels. 

- Continued evolution of technologies for using ELT. 

- Greater involvement on the part of tire manufacturers for end of tire life issues. 

- More regulatory restrictions related to direct tire derived fuel burning.   

As a result the worldwide use of tire derived fuel will remain about the same on a 

volume bases. Use of tire scrap for material applications will increase for asphalt, 

pyrolysis, raw material for polymer applications, and direct applications such as 

mulch, athletic fields, etc.  It may not be 75/25, but it is likely to be greater than 

50/50 in favor of recycled materials. 

6 
If you are talking about A and B, the material is always going to go to the highest 

use. The rubber demand will move the needle. 

7 

This is pure speculation. Having said that, I think the most likely scenario is that 

little changes over the next 9 years. The next likely scenario is that air pollution 

standards become stricter and that installing equipment to prevent the air 

pollution will be cost prohibitive, and therefore less tires will be burned for fuel. 
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8 

I believe that material recovery will overtake the energy recovery in 2020 thanks 

to the joint efforts of ELT management companies and ELT recyclers. 

In Europe, the hierarchy introduced by the waste directive (2008/98/ce) has set 

up a target that could drive many public administrators to encourage the green 

procurements; the expected increase of the marked demand for recovered 

materials should divert the ELT from the energy recovery in cement kilns. 

The "long history" of scrap tires management in US has shown slow variations of 

the energy/material recovery ratio and not significant breakthrough in technology 

are expected for the coming years: the most reliable driving force for a change is 

probably the green public procurements. 

9 

The fact is that we are now looking at technologies being introduced that can 

devulcanize scrap tire rubber and convert it into usable value added compound 

that can be put back in to tire manufacture in addition to automotive components 

and general rubber goods. These applications are not subsidy oriented and allow 

for much higher potential utilization than ever before. Further with the incredible 

increases in rubber consumption coming out of India and China from tire 

production alone an intelligent approach to recycling is needed beyond fillers. 

There is no comparison between the value addition between producing a value 

added compound that can reduce the raw material coast substantially and low 

end coal substitute, so the impact on the consumption of ELT's as for energy 

generation will be significant. 

10 

Energy should continue to be a large user unless a renewable source that is not 

seen now becomes readily available. Other recycling will be helped by newer 

technology that allows new tires to be made from parts of old tires. 

11 

I believe, on the basis of shared knowledge available amongst members of the 

scientific community, that there is unlikely to be much change in the overall 

scenario. The picture is different in different parts of the world. Each geographical 

domain will continue more-or-less as of now. G8 countries have already 

off-loaded much of the dirty technologies to the third world. Rising third world 

economies (China and India) might, in their turn, be tempted to off-load some to 

the others -- if there are electorate pressures. 

12 
Do not anticipate great technological breakthroughs in recycling ELTs. Market 

demands will likely remain the same as current. 

13   

14 

More high-end uses for Material recycling are developing, which increases the 

value of material recycling over energy recycling; Prices for virgin polymers 

(natural and synthetic rubbers, polyolefins, etc.) are increasing dramatically which 

increases the attraction of material recycling. 
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15 

There are many places in the USA that have no other market potential for scrap 

tires other than fuel. Between the lack of state market development programs, 

complacency of tire processors, energy costs, entrenchment by state department 

of transportations and limited R&D funds the outlook for scrap tire markets is 

very mixed. 

16 

#1 Energy needs will continue to be strong. Although there is growing concern 

about burning tires, I'm hopeful technology improvements will increase the use of 

tires for fuel, not decrease it.  

#2 Nine years isn't really that long...not much may change in that time. 

17 

A combination of uses of waste tires seems the most credible. Recycling is 

preferred over energy use in our waste management hierarchy. Legislatively 

mandated recycling/take back programs do not seem to be possible in the near 

future. So I defaulted to a no change situation...though it's not the one I hope for. 

18 

Basically I believe there are 2 possible scenarios longterm.  

1) We continue essentially on the same path we are now with assumptions made 

for technological progress in recycling as well as an increase in awareness 

worldwide about sustainability. 

2) Due to some significant global event (cataclysmic natural disaster, world war, 

poor food crops, etc) the normal progression of recycling becomes significantly 

accelerated to where the markets begin to pull scrap tires (as well as other 

commodities) rather than programs needing to find outlets for all the materials.  

Since tires are made from petroleum and if the price of petroleum skyrockets as 

was mentioned in scenario F, it would likely have the opposite effect layed out (ie 

development of renewable fuels would be fast-tracked while anything made of 

petroleum would become heavily recycled back into component commodities). 

19 Because that is the direction we are headed, whether voluntary or forced. 

20 

The 2 main driving forces appears to be: 

- demand of energy from, even partially, renewable fuels which are also already 

available on the market (short supply chain) 

- continuous development and industry/regulators commitment to promote 

environmental friendly applications of ELTs. 

 

These 2 factors is suggesting scenario B as the most probable, while scenarios 

with "0%" of energy or recycling routes as less probable. Anyhow in the latest 

years we the material recycling is having a fast growth in line with the proposed 

scenario D, which could represent the option #2 among the hypothesis. 

Note about Scenario H: ELT landfilling is already banned at EU level by Directive 

1999/31/EC. 
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21 

Choices 1&2 are not mutually exclusive and in fact are likely to occur together.  

Energy use of ELTs as TDF will continue to burn cleaner than coal into the future. 

The lesser value added to ELTs by processing into TDF rather than crumb will 

continue to compete well with mining coal.   

22 

End-of-Life (EOL) tires represent a serious waste disposal and environmental 

problem, which can cause adverse human health risks, while European legislation 

has already banned their landfilling.  

 

An EOL-tire constitutes a complex engineering product, composed of a number of 

materials such as synthetic and natural rubber, carbon black, steel, and textiles, as 

well as various chemical and mineral additives. Some of these materials can be 

hard to break down, recycle or re-use, while others, such as rubber can be easily 

removed and reused, recycled or recovered.Rubber from EOL-tires can be 

successfully used in road construction, as long as the modified asphalt mixtures 

meet engineering standards and are cost effective. At the same time, the 

large-scale use of EOL-tires, which can either substitute natural aggregates (sand, 

gravel, etc.) or even modify the asphalt binder itself in bituminous mixtures, 

contributes to increasing sustainability of road construction and reducing its 

carbon footprint. 

23 

End-of-Life (EOL) tires represent a serious waste disposal and environmental 

problem, which can cause adverse human health risks, while European legislation 

has already banned their landfilling.  

 

An EOL-tire constitutes a complex engineering product, composed of a number of 

materials such as synthetic and natural rubber, carbon black, steel, and textiles, as 

well as various chemical and mineral additives. Some of these materials can be 

hard to break down, recycle or re-use, while others, such as rubber can be easily 

removed and reused, recycled or recovered. 

 

Rubber from EOL-tires can be successfully used in road construction, as long as 

the modified asphalt mixtures meet engineering standards and are cost effective.  

At the same time, the large-scale use of EOL-tires, which can either substitute 

natural aggregates (sand, gravel, etc.) or even modify the asphalt binder itself in 

bituminous mixtures, contributes to increasing sustainability of road construction 

and reducing its carbon footprint. 
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24 

Powdered ELT in tarmacs is more cost effective than depolymerised ELT in rubber 

products since the vulcanised properties of reclaim are rather poor. Legislative 

pressure and marching crude price will push more third world countries to go for 

pyrolysis. There is an upper limit to how much crumb or reclaim can be used to 

combat rising price of rubber. Even if there is no breakthrough in technology or 

no great demand for ELTs, the latter have to be disposed of. I believe that, all said 

and done, there will be significant (but definitely not total) global reduction in 

material recycling and that much increase in energy recycling. Land filling with 

tyres is a poor option. 

P.S. 1. There are 23 experts in total, one expert commended twice, thus there are 24 answers. 

P.S. 2. Some answers have been modified to secure anonymous. 
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Appendix V [Detailed data in the comparison of the two models] 

Table of percentages of ELT amount used in Figure 7 and Figure 8. 

  Recycling rate Whole tyres Shredded tyres Granulated tyres 

 

Whole 

tyres 

Shredded 

tyres 

Granulated 

tyres 

Blasting 

mat 

Energy 

recovery 

Landfill 

covering 

Noise 

bank 

Energy 

recovery 
Asphalt 

Artificial 

turf 

Figure7 Flow 2&5 Flow 3 Flow 4 Flow 2 Flow 5 Flow 7 Flow 8 Flow 18 Flow 9 Flow 10 

Figure8 Flow 2&5 Flow 3 Flow 4 Flow 2 Flow 5 Flow 7 Flow 8 Flow 21 Flow 9 Flow 10 

2011 23.32 % 58.78 % 17.90 % 11.00 % 12.32 %  0.18 % 10.20 % 48.40 % 15.22 % 2.69 % 

2012 23.63 % 58.17 % 18.20 % 11.50 % 12.13 % 0.18 % 10.59 % 47.40 % 15.47 % 2.73 % 

2013 23.94 % 61.06 % 15.00 % 12.00 % 11.94 % 0.19 % 14.53 % 46.34 % 12.60 % 2.40 % 

2014 23.25 % 62.45 % 14.30 % 11.50 % 11.75 % 0.18 % 17.17 % 45.10 % 12.01 % 2.29 % 

2015 22.55 % 61.33 % 16.13 % 11.00 % 11.55 % 0.17 % 17.11 % 44.05 % 11.61 % 4.52 % 

2016 21.86 % 60.73 % 17.41 % 10.50 % 11.36 % 0.18 % 17.92 % 42.63 % 12.54 % 4.87 % 

2017 21.17 % 62.12 % 16.71 % 10.00 % 11.17 % 0.17 % 19.52 % 42.43 % 12.37 % 4.34 % 

2018 20.98 % 61.72 % 17.31 % 10.00 % 10.98 % 0.17 % 20.19 % 41.36 % 13.16 % 4.15 % 

2019 20.79 % 61.90 % 17.31 % 10.00 % 10.79 % 0.17 % 21.31 % 40.42 % 12.81 % 4.50 % 

2020 20.60 % 61.09%  18.31 % 10.00% 10.60 % 0.17 % 21.52 % 39.40 % 14.28 % 4.03 % 

 

Table of the recycling amount in waste hierarchy model (in tons). 

Year Input 
Material 

recycling
1
 

Energy 

recovery
2
 

Material recycling 

(Secondary recycling)
3
 

Energy recovery 

(Worn-out products)
4
 

Material recycling 

rate (%)
5
 

Energy recovery 

rate (%)
6
 

2011 73,874 29,018  44,856  9,187  904  39.28  60.72  

2012 75,344 30,494  44,850  9,738  953  40.47  59.53  

2013 76,850 32,062  44,788  13,994  1,537  41.72  58.28  

2014 78,390 33,824  44,566  14,488  1,623  43.15  56.85  

2015 79,964 35,506  44,458  14,659  3,652  44.40  55.60  

2016 81,558 37,523  44,035  15,029  3,761  46.01  53.99  

2017 83,189 38,602  44,587  15,447  3,813  46.40  53.60  

2018 84,851 40,441  44,410  16,112  3,888  47.66  52.34  

2019 86,549 42,226  44,323  16,920  4,041  48.79  51.21  

2020 88,281 44,137  44,143  17,661  4,100  50.00  50.00  

1. Sum of flow 6 to 10, minus secondary recycling. 

   
2. Sum of flow 5 and 21. 

   
3. Sum of flow 15, 16, and 18. 

   
4. Sum of flow 17, 19, and 20. 

   
5. Material recycling divided by total input of ELTs. 

   
6. Energy recovery divided by total input of ELTs. 
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Table of the recycling amount in business as usual model (in tons). 

Year Input 
Material 

recycling
1
 

Energy 

recovery
2
 

Energy recovery 

(Worn-out products)
3
 

Material recycling 

rate (%)
4
 

Energy recovery 

rate (%)
5
 

2011 73,875 29,019  44,856  9,170  39.28  60.72  

2012 75,345 30,495  44,850  9,720  40.47  59.53  

2013 76,850 32,062  44,788  13,130  41.72  58.28  

2014 78,391 33,830  44,561  13,650  43.16  56.84  

2015 79,965 35,502  44,463  16,850  44.40  55.60  

2016 81,558 37,523  44,035  17,290  46.01  53.99  

2017 83,189 38,602  44,587  17,720  46.40  53.60  

2018 84,850 40,441  44,409  18,400  47.66  52.34  

2019 86,549 42,226  44,323  19,260  48.79  51.21  

2020 88,281 44,137  44,143  19,990  50.00  50.00  

1. Sum of flow 6 to 10. 

2. Sum of flow 5 and 18. 

3. Sum of flow 15 to 17. 

4. Material recycling divided by total input of ELTs. 

5. Energy recovery divided by total input of ELTs. 

  

  

  

  

  

 

Table of the environmental impacts from the two models. 

  Global warming Acidification Eutrophication 
Photochemical ozone 

formation 

Year 

Waste 

hierarchy 

model 

Business 

as usual 

model 

Waste 

hierarchy 

model 

Business 

as usual 

model 

Waste 

hierarchy 

model 

Business 

as usual 

model 

Waste 

hierarchy 

model 

Business as 

usual model 

2011 -5.09E-08 -3.23E-08 -4.75E-08 -1.49E-08 -2.66E-08 -4.19E-08 -3.17E-08 -2.13E-08 

2012 -5.32E-08 -2.86E-08 -5.00E-08 -1.35E-08 -2.81E-08 -4.37E-08 -3.34E-08 -2.29E-08 

2013 -1.10E-07 -3.12E-08 -1.15E-07 -1.51E-08 -6.25E-08 -5.81E-08 -8.07E-08 -3.15E-08 

2014 -1.19E-07 -2.46E-08 -1.26E-07 -1.24E-08 -6.83E-08 -5.94E-08 -8.90E-08 -3.33E-08 

2015 -1.26E-07 -2.08E-08 -1.34E-07 -1.13E-08 -8.03E-08 -7.22E-08 -9.93E-08 -4.18E-08 

2016 -1.32E-07 -1.15E-08 -1.43E-07 -7.51E-09 -8.50E-08 -7.28E-08 -1.06E-07 -4.35E-08 

2017 -1.38E-07 -1.62E-09 -1.52E-07 -3.47E-09 -8.98E-08 -7.33E-08 -1.14E-07 -4.53E-08 

2018 -1.44E-07 8.83E-09 -1.61E-07 7.82E-10 -9.48E-08 -7.48E-08 -1.21E-07 -4.78E-08 

2019 -1.52E-07 2.02E-08 -1.71E-07 5.41E-09 -1.01E-07 -7.70E-08 -1.29E-07 -5.08E-08 

2020 -1.58E-07 3.24E-08 -1.80E-07 1.04E-08 -1.05E-07 -7.84E-08 -1.37E-07 -5.35E-08 

Total -1.18E-06 -8.91E-08 -1.28E-06 -6.17E-08 -7.41E-07 -6.52E-07 -9.41E-07 -3.92E-07 
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Example of the calculation of waste hierarchy model in 2020 

The example of the calculation is presented here. The purpose of the comparison is to 

see the difference of the two models over time. Therefore, the amount of ELTs used in 

each application in both of the two models is the same to make sure that the two 

models have the same starting point to do the comparison. There could be some figures 

in each flow do not match the figures in Figure 8, this is because the software did not 

present the figures that less than 1. There are three parts in this example, part one is 

material recycling, part two is energy recovery, and part three is the worn-out products 

from secondary recycling. 

 

In the examples below the amount of regular maintenance for an application means only 

a small amount of ELTs is needed each year to replace those badly worn-out applications. 

 

Part one: Material recycling (Flow 1, flow 2, flow 6, flow 7, flow 8, flow 

9, flow 10, flow 3, and flow 4) 

The amount of ELTs used for material recycling (Flow 2: blasting mats, flow 7: landfill 

covering, flow 8: noise bank, flow 9: asphalt, and flow 10: artificial turf) is raising from 

36.9% of total ELTs in 2009 to 50% of total ELTs in 2020 in order to match the result of the 

most possible scenario In 2020, that is, 50% of material recycling o ELTs. The amount of 

ELTs used for blasting mats in 2009 is 12% of the total ELTs. The amount of ELTs used for 

landfill covering, noise bank, asphalt, and artificial turf is 2%, 8%, 8%, and 8%, 

respectively, of the total ELTs, and these amount are assumed. 

 

Flow 1: Input of ELTs 

According to Table 1, the input of ELTs increased 2% every year. Only the data in 2009 is 

available, which the total amount of ELTs is 71,000 tons.  

 

In 2020, the amount of total ELTs is 88,281 tons (Flow 1 in Figure 8). 

 

Flow 2 and flow 6: Blasting mats (Whole tyre recycling) 

According to Table 1, the amount of ELTs used for blasting mats is assumed to be in a 

stable and saturated market. Thus the amount of ELTs used for blasting mats from 2011 

to 2020 ranges from 10% to 12% of the total ELTs (Please refer to the first table in 

Appendix V, under blasting mats, flow 2 in the year 2020).  

 

In 2020, it is 10% of the total ELTs, that is 88,281 X 10% = 8,828 (tons) (Flow 2 and flow 6 

in Figure 8). 
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Flow 7: Landfill covering 

According to Table 1, the amount of ELTs used for landfill covering is assumed in a 

saturated market and regular maintenance is stably required every year. Thus the 

amount of ELTs used for landfill covering from 2011 to 2020 ranges from 0.171% to 

0.19% of the total ELTs (Please refer to the first table in Appendix V, under landfill 

covering, flow 7 in the year 2020). 

 

In 2020, it is 0.171% of the total ELTs, that is 88,281 X 0.17% = 151 (tons) (Flow 7 in 

Figure 8). 

 

Flow 8: Noise bank 

According to Table 1, the amount of ELTs used for noise banks is assumed in a stable and 

not saturated market and 10% of the ELTs used for noise bank are used for regular 

maintenance every year. Thus the amount of ELTs used for noise bank from 2011 to 2020 

ranges from 10.2% to 21.52% of the total ELTs (Please refer to the first table in Appendix 

V, under noise bank, flow 8 in the year 2020). In 2020, it is 21.52% of the total ELTs, that 

is 88,281 X 21.515% = 18,994 (tons), and the worn-out products from whole tyres (Flow 

15) should be added into flow 8 (Flow 15 will explain later).  

 

Thus the amount of ELTs used for noise bank is 18,994 + 7,480 = 26474(tons) (Flow 8 in 

Figure 8). 

 

*Around 200 tons of ELTs can build 1 km X 3 m high noise bank (HYLANDS, K.N. Shulman, 

V. “Civil Engineering Applications of Tyres”. Reporting VR5. Viridis. 2003.).  

 

Flow 9: Asphalt 

According to Table 1, the amount of ELTs used for asphalt is assumed in a stable and not 

saturated market. Thus the amount of ELTs used for asphalt from 2011 to 2020 ranges 

from 11.61% to 15.22% of the total ELTs (Please refer to the first table in Appendix V, 

under asphalt, flow 9 in the year 2020). 

 

In 2020, it is 14.282% of the total ELTs, that is 88,281 X 14.282% = 12,608 (tons) (Flow 9 

in Figure 8). 
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Flow 10: Artificial turf 

According to Table 1, the amount of ELTs used for noise bank is assumed in a stable and 

not saturated market and 10% of the ELTs used for noise bank are used for regular 

maintenance every year. Thus the amount of ELTs used for noise bank from 2011 to 2020 

ranges from 2.29% to 4.87% of the total ELTs (Please refer to the first table in Appendix V, 

under artificial turf, flow 10 in the year 2020). In 2020, it is 4.03% of the total ELTs, that is 

88,281 X 4.029% = 3,556 (tons), and the worn-out products from whole tyres (Flow 16) 

and from shredded tyres (Flow 18) should be added into flow 10 (Flow 16 and flow 18 

will explain later). 

 

Thus the amount of ELTs used for noise bank is 3,556 + 9,301 + 880 = 13,737 (tons) (Flow 

8 in Figure 8). 

 

*According to Svensk fotboll (svenskfotboll.se), there are about 24 football teams in 

Sweden. A standard football field requires 150 tons of ELTs (Waste and resource action 

programme, 2008. Artificial turf sports pitches). The potential market of artificial turf in 

Sweden is assumed 15,000 tons of ELTs (100 football field). 

 

Flow 3: Shred material recycling 

The amount of ELTs used for shredded tyre recycling is the sum of the amount used for 

landfill covering and noise bank (Flow 7 and flow 8) and the amount used for energy 

recovery (Flow 21) minus the amount of worn-out products from whole tyres (Flow 15). 

Therefore, 

 

Flow 3 = 151 + 26,474 + 34,785 – 7,480 = 53,930 (tons) (Flow 3 in Figure 8). 

 

Flow 4: Granulation 

The amount of ELTs used for granulation is the sum of the amount used for asphalt and 

artificial turf (Flow 9 and flow 10) minus the amount of worn-out products from whole 

tyres and shredded tyres (Flow 16 and flow 18). Therefore, 

 

Flow 4 = 12,608 + 13,737 – 880 – 9,301 = 16,164 (tons) (Flow 4 in Figure 8). 
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Part two: Energy recovery (Flow 5, flow 21, and flow 22) 

The percentage of whole ELTs sent to energy recovery (Flow 5) is assumed to reduce 

0.191% per year from 12.70% in 2009 to 10.60 % in 2020. The percentage of shredded 

ELTs sent to energy recovery (Flow 21) is assumed to reduce around 1% per year from 

50.40% in 2009 to 39.40 % in 2020. The reductions of those tyres sent to energy recovery 

is very stable from 2009 to 2020 in order to match the most possible scenario in 2020, 

that is 50% of ELTs are sent to energy recovery. 

 

Flow 5: Whole tyres sent to energy recovery 

The amount of whole ELTs used for energy recovery in 2020 is 10.60% (Please refer to 

the first table in Appendix V, under whole tyres (energy recovery), flow 5 in the year 

2020). 

 

In 2020, it is 10.60% of the total ELTs, that is 88,281 X 10.60% = 9,358 (tons) (Flow 5 in 

Figure 8). 

 

Flow 21: Shredded tyres sent to energy recovery 

The amount of shredded ELTs used for energy recovery in 2020 is 39.403% (Please refer 

to the first table in Appendix V, under shredded tyres (energy recovery), flow 21 in the 

year 2020). 

 

In 2020, it is 39.4% of the total ELTs, that is 88,281 X 39.403% = 34,785 (tons) (Flow 21 in 

Figure 8). 

 

Flow 22: Export (Energy recovery) 

The amount of export of ELTs (Energy recovery) is the sum of ELTs used for energy 

recovery (Flow 5: whole ELTs used for energy recovery and flow 21: shredded ELTs used 

for energy recovery) and worn-out products used for energy recovery (Flow 17, flow 19, 

and flow 20, which will explain later). 

 

In 2020, the amount of export of ELTs (Energy recovery) is  

9,358 + 34,785 + 440 + 490 +3,170 = 48,243 (tons) (Flow 22 in Figure 8). 
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Part three: Worn-out products from secondary recycling (Flow 11, flow 

12, flow 13, flow 14, flow 15, flow 16, flow 17, flow 18, flow 19, and 

flow 20) 

This part includes three stages, worn-out products from whole tyres, from shredded 

tyres, and from granulated tyres. 

 

Worn-out products from whole tyres 

Flow 11: Worn-out products from blasting mats 

According to Table 1, the amount of ELTs used for blasting mats is assumed to be in a 

stable and saturated market. Thus the amounts of worn-out products from blasting mats 

are rounded to the nearest hundred from the input of blasting mats. 

 

In 2020, there are 8,828 tons of ELTs are used for blasting mats, thus the amount of 

worn-out products from blasting mats are 8,800 tons (Flow 11 in Figure 8). 

 

Flow 15, flow 16, and flow 17 

According Table 1, 85% of recycled blasting mat are sent to noise banks (Flow 15) 

(Normally worn-out products), 10% to artificial turf (Flow 16) (Badly worn-out products), 

and 5% to energy recovery (Flow 17) (More badly worn-out products).  

 

In 2020, there are 8,800 tons of worn-out products from blasting mats, 

8,800 X 85% =7,480 (tons) (Flow 15 in Figure 8). 

8,800 X 10% =880 (tons) (Flow 16 in Figure 8). 

8,800 X 5% =440 (tons) (Flow 17 in Figure 8). 

 

Worn-out products from shredded tyres 

Flow 12: Worn-out products from landfill covering 

According to Table 1, the amount of ELTs used for landfill covering is assumed to be in a 

saturated market. Thus the amounts of worn-out products from landfill covering are 

rounded to the nearest ten from the input of landfill covering. 

 

In 2020, there are 151 tons of ELTs are used for landfill covering, thus the amount of 

worn-out products from landfill covering are 150 tons (Flow 12 in Figure 8). 

 

 

 

 



50 

 

 

Flow 13: Worn-out products from noise bank 

According to Table 1, the amount of ELTs used for noise bank is assumed to be in a stable 

and not saturated market. The application for noise bank is assumed to start in 2003 and 

has a 10 years’ lifetime. Thus in 2020, the amount of ELTs used for noise bank in 2010 is 

supposed to be discarded, which is assumed to have 7,000 tons of ELTs. About 10% of 

the input is used in regular maintenance. Thus the amounts of worn-out products from 

noise bank are rounded to the nearest ten from the input of noise bank. In 2020, there 

are 26,474 tons of ELTs are used for noise bank, thus its regular maintenance amount is 

2,640 tons.  

 

In 2020, the amount of worn-out products from noise bank is 2,640 + 7,000 = 9,640 tons 

(Flow 13 in Figure 8). 

 

Flow 18 and flow 19 

According Table 1, 95% of recycled shredded tyres are sent to artificial turf (Flow 18) 

(Normally worn-out products), and 5% to energy recovery (Flow 19) (Badly worn-out 

products). 

 

In 2020, there are 9,640 + 150 = 9,790 tons of worn-out products from shredded tyres, 

9,790 X 95% =9,300 (tons) (Flow 18 in Figure 8). 

9,790 X 5% =490 (tons) (Flow 19 in Figure 8). 

 

Worn-out products from granulated tyres 

Flow 14: Worn-out products from artificial turf 

According to Table 1, the amount of ELTs used for artificial turf is assumed to be in a 

stable and not saturated market. The application for artificial turf is assumed to start in 

2005 and has a 10 year lifetime. Thus in 2020, the amount of ELTs used for artificial turf 

in 2010 is supposed to be discarded, which is assumed to have 1,800 tons of ELTs. About 

10% of the input is used in regular maintenance. Thus the amounts of worn-out products 

from artificial turf are rounded to the nearest ten from the input of artificial turf. In 2020, 

there are 13,737 tons of ELTs are used for artificial turf, thus its regular maintenance 

amount is 1,370 tons.  

 

In 2020, the amount of worn-out products from artificial turf is 1,370 + 1,800 = 3,170 

tons (Flow 14 in Figure 8). 
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Flow 20 

All worn-out products from artificial turf are sent to energy recovery (Flow 20). 

 

In 2002, there are 3,170 tons of worn-out products from artificial turf. Thus, all of them 

are sent to energy recovery (Flow 20 in Figure 8). 
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