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Abstract: Due to the growing generation of scrap tires and the negative impacts they cause on the environment and 

quality of life, there is increasing concern with their proper reuse or disposal. With the aim of identifying the various 

ways this scrap material can be reused, we carried out a bibliographic review in which we analyzed 110 articles, with 

the primary objective of identifying the different final uses of scrap tires and the secondary objective of obtaining 

information to formulate a reverse logistics chain model for scrap tires. That model provides a better understanding of 

the problem of suitable disposal of scrap tires and the various possibilities and technologies for their recycling. This 

analysis enabled identifying six groups of industries involved in recycling unserviceable tire material: fuel industry 

(49%), construction industry (25%), asphalt industry (8%), rubber articles industry (6%), cement industry (2%) and 

other industries (10%). 

Keywords: Scarp tires, Reverse logistics chain; Recycling; Final use, Bibliographic review. 

1. INTRODUCTION 

There is growing concern regarding the correct disposal of scrap tires (Siddique and Naik, 2004) due to the 

continuous growth of their number generated by modern society. According to the U.S. Rubber Manufacturers 

Association, approximately 290 million new scrap tires were generated in 2003 (EPA, 2010). In Brazil, the most 

recent estimate is that in 2013 about 32 million scrap tires were generated. This problem is not new. According to 

Search and Ctvrtnicek (1976), the disposal of scrap tires was already considered a major problem in all countries 

with large vehicle fleets in the 1970s. This worry occurs because although the tires are key elements for the 

development of modern society, at the end of their useful lifetime they cause a range of problems for the 

environment and public health if discarded inadequately.  

Not only do the sheer volume and shape of tires not allow their compacting, increasing the cost of their transport 

and storage/disposal (Nohara et al., 2006), they are made of different rubber formulations and reinforcement 

materials, such as synthetic fibers and steel, making their recycling difficult (Chung and Hong, 2013). 

Finding alternatives to allow reuse of scrap tires in new productive cycles can reduce the environmental impacts by 

minimizing consumption of non-renewable raw materials (considering that most of the tire rubber is made from 

petroleum instead of natural latex) and increasing the lifetime of sanitary landfills. Besides this, recycling these 

waste materials can reduce public health problems and generate jobs and income (Souza and D’Agosto, 2013).  

Therefore, to identify the various alternatives for reuse of scrap tires, we carried out a systematic literature review 

with the main objective of identifying the different final uses of these articles and the secondary goal of formulating 

a model of the reverse logistics, or supply, chain of unserviceable tires. 

The article is divided into five sections including this introduction. The second section describes the methodology 

while the third presents the results of the bibliographic review and the fourth describes the proposed reverse 

logistics chain model for scrap tires formulated, based on the data obtained from the literature review. The fifth 

section presents our conclusions.  

2. MATERIALS AND METHODS 

Systematic literature review is a technique used to survey published articles on a determined theme by employing 

systematic methods to identify, select and critically evaluate relevant studies and to collect and analyze the data 

found in the sources identified in the review, with the goal of creating a theoretical-scientific foundation on the 

theme of interest (Biolchini et al., 2007; Clarke and Oxman, 2001 and Levy and Ellis, 2006). Bibliographic review 

can be used to summarize existing research, identify patterns, themes and questions and/or help identify the 

content on a determined subject (Seuring and Muller, 2008). 
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One of the reasons for carrying out a systematic literature review is to provide the necessary foundation for a better 

understanding of the problem of interest (Kitchenham, 2004; Levy and Ellis, 2006), because the use of systematic 

procedures increases the reliability of the results obtained and reduces the likelihood of errors, besides enhancing 

transparency and allowing replication of results (Mulrow, 1994; Cook et al., 1997; Bereton et al., 2005).  

For this it is necessary to follow a procedure that guides the researcher in the planning and performance of the 

bibliographic review and in disclosing the results obtained. The procedure adopted here was developed by us based 

on Souza (2011), Seuring and Muller (2008) Tranfield et al. (2003), Biolchini et al. (2007) and Levy and Ellis (2006). 

This procedure consists of three phases: planning, execution and disclosure (Figure 1). 
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Source: Own based on Souza (2011), Seuring & Muller (2008) Tranfield et al. (2003), Biolchini et al. (2007) and Levy & Ellis (2006). 

Figure 1: Study procedure 

In the planning phase, step 1 involves defining the objective, meaning delineating the temporal and geographic 

scope and the sources that will be consulted. Step 2 entails defining the key search terms that will be used to collect 

material and the items that will be used in the systematic analysis of the data. 

The execution phase is composed of three steps (steps 3, 4 and 5). In step 3, the researcher collects the material 

from the review by means of searching one or more databases using the key words/expressions defined in the first 

phase (step 2). The material obtained should be assessed considering the objective and scope defined in step 1, to 

determine a set of articles that are relevant to the survey, to be analyzed in step 5, based on the items defined in 

step 2. If it is found that the objectives of the review have not been reached, then the researcher should return to the 

planning phase and analyze steps 1 and 2 again to make any necessary corrections. 

Finally, the disclosure phase consists of a single step (step 6), where the results are described for presentation in a 

review article. 

3. SYSTEMATIC BIBLIOGRAPHIC REVIEW 

Below we describe the application of the procedure presented in Figure 1. 

3.1. Phase 1: Planning 

The objective of this systematic bibliographic review was to identify the final uses of scrap tires and then to obtain 

information for preparation of a reverse supply chain for scrap tires considering these final uses (step 1). For this 

we used the total time period available in the scientific database surveyed, to identify articles published from 1976 

to 2014. Our geographic scope was global, since the generation of scrap tires is a worldwide problem (Search and 

Ctvrtnicek, 1976). We classified the articles geographically as from the Americas (23%), Europe (40%), Asia (24%), 



International Journal of Innovative Studies in Sociology and Humanities 

(IJISSH) 
ISSN 2456-4931 (Online)                                                 www.ijissh.org                            Volume: 3 Issue: 1 | January 2018 

 

© 2018, IJISSH                                                                                                                                                                                   Page 12 

Oceania (4%) and Africa (1%), as depicted in Figure 2. Eight percent of the articles refer to countries located in both 

Europe and Asia (Eurasia), also shown in Figure 2.  

 

Note: The geographic range was analyzed considering the country's quote in the article. 

Figure 2: Geographic distribution of the review 

As can be noted, articles from European countries account for the largest share, with the main countries being the 

United Kingdom (29%), Spain (28%) and Italy (17%). The Americas and Asia have similar participation. In the 

Americas, North America (87%) stand out, with the United States leading the way (74%). South America only 

accounts for 13% of the articles identified, all of them from Brazil. We did not find any articles from Central 

America. In Asia, the standout countries are China (43%), Iran (17%) and India (12%). 

We used the Science Direct database due to its accessibility, daily updating and breadth of coverage of peer-

reviewed articles in the main areas of knowledge.  
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In step 2 we defined the search terms used to gather the material, based on the objective of the survey defined in 

step 1 and on a preliminary survey of the subject. We chose the following key expressions: “scrap tire” and “supply 

chain”, “waste tire” and “supply chain”, “reverse logistics of waste tire”, “reverse logistics of scrap tire”, “scrap tire” and 

“recycle”, “waste tire recycling”, “scrap tire recycling”, “scrap tyre”, and “scrap tyre” and “Brazil“. 

In line with the objective defined for the review, we established the following items for analysis of the articles 

collected: whether or not the article presents structuring of a reverse logistics chain for scrap tires, the type of final 

use covered by the article, the product generated or substituted by recycled waste tires, whether the article 

considers the existence of co-products, and the type of processing considered for the scrap tires.  

From these items, we sought to identify the different destinations of scrap tires and to prepare a conceptual model 

for their reverse supply chain.  

3.2. Phase 2: Execution 

As described for step 3, we collected the articles by using the search terms defined in step 2, employing the 

advanced search option of the Science Direct portal. All told we identified 157 articles, distributed in 50 periodicals, 

the main ones being Fuel (15%), Journal of Analytical and Applied Pyrolysis (11%) and Resources, Conservation and 

Recycling (11%). Although the survey covered the period from 1976 to 2014, the articles were concentrated in 2012 

and 2013 (25%).  

To estimate the relevance of these articles to our research objective, we first analyzed the abstract, and when 

necessary the content of the article per se (step 4). For this purpose, we analyzed the general objective of each 

article and whether it presented information on a structured reverse supply chain involving scrap tires and their 

processing and/or possible final uses. 

As a result of step 4 we obtained 110 articles, distributed by periodical, year and geographic region as shown in 

Figures 3, 4 and 5. 

 

Figure 3: Distribution of articles analyzed by periodical. 
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Figure 4: Distribution of articles analyzed by year. 

 

Note:: Oceania; S.A .: South America 

Figure 5: Distribution of articles analyzed by region. 



International Journal of Innovative Studies in Sociology and Humanities 

(IJISSH) 
ISSN 2456-4931 (Online)                                                 www.ijissh.org                            Volume: 3 Issue: 1 | January 2018 

 

© 2018, IJISSH                                                                                                                                                                                   Page 15 

After selecting the articles with possible relevance for our objective, the standout periodicals (Figure 3) were Fuel 

(17%), Journal of Analytical and Applied Pyrolysis (12%), Construction and Building Materials (10%) e Resources, 

Conservation and Recycling (10%).  

With respect to the time frame, it can be seen that very few articles were found in the first three decades under 

analysis (1970s to 90s), only 0.8 per year on average, and only 22.7% of all the articles dated from these decades. 

The number of publications increased markedly thereafter, with a yearly average of 4.7 in the 2000s (42.7% of all 

articles) and 7.6 in the final years (2010 to 2014), accounting for 34.6% of the articles, with further concentration in 

2012 and 2013 (25.5%). These findings indicate that although the problem of disposal of waste tires was identified 

many decades ago, discussions of mechanisms and technologies to solve this problem only has become intense in 

the past few years. 

After the evaluation carried out in step 4, we found there were no articles addressing this issue from African 

countries, which can indicate that these countries are still in the initial phase of discussion of this question. The 

main concentration of articles was from Europe (45%), with predominance of the United Kingdom (31%), Spain 

(27%) and Italy (12%). In Asia (31%), the leading countries by number of articles were China (27%), Iran (12%) 

and India (10%). We considered Turkey, a Eurasian country, to be both in Europe (12%) and Asia (17%). 

For the Americas, we found articles from North America (19%), with the United States accounting for 84% and 

Canada the other 16%, and South America (3%), represented only by Brazil. 

The articles selected in step 4 were analyzed according to step 5 and the results (step 6) are presented in item 3.3. 

3.3. Phase 3: Disclosure 

We analyzed the selected articles according to the items defined in step 2. Step 6 consists of disclosure of the results 

of this analysis.  

To facilitate comprehension of the results obtained from the literature review, these are organized in three tables 

(Tables 1 to 3), where they are grouped by type of industry that uses scrap tires (final user of the waste material).  

3.3.1 Type of scrap tire processing 

According to Amari et al. (1999), tires are generally composed of styrene-butadiene rubber or a combination of this 

with natural rubber. Besides rubber, tires contain carbon black, used to strengthen the rubber and increase its 

abrasion resistance; synthetic fibers (rayon, nylon and polyester) and steel, used to strengthen the tire; other 

petroleum derivatives, used to control viscosity and reduce internal friction during production and improve 

flexibility during vulcanization at low temperatures; and catalysts, used in the vulcanization process.  

According to Souza and D’Agosto (2013) and Search and Ctvrtnicek (1976), scrap tires can be utilized whole or 

undergo some type of processing, usually shredding to reduce them to small particles. There are three basic types of 

processing: (1) mechanical, (2) cryogenic, and (3) devulcanization. 

Mechanical processing mainly involves shredding or chopping the used tires into small pieces. It is typically carried 

out at ambient temperature (Dehghanian and Mansour, 2009). A magnetic system to remove steel and a fiber 

separation system can be incorporated in the shredding process to remove impurities from the rubber material 

(Sunthonpagasit and Duffey, 2004). Further according to those authors, this combined mechanical process is the 

most widely used. Mechanical processing can produce rubber particles with sizes between 0.6 and 2 mm, with a 

tendency to be irregularly shaped (Owen, 1998). According to CIWMB (2004), this process is relatively cheap, but 

the heat generated during shredding can degrade the rubber.  

The main objective of the cryogenic process is to reduce the size of the particles by cooling the material to very low 

temperatures where it becomes extremely fragile (approximately -200 oC), generally using liquid nitrogen 

(Dehghanian and Mansour, 2009; Liang and Hao, 1999; Owen, 1998). Nitrogen is used because of various 

advantages, among them: inertness; good cooling ability at low pressure; rapid heat transfer; low boiling point at 
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atmospheric pressure; moderately high refrigeration value; and easy flow control (Liang and Hao, 1999). According 

to Owen (1998), this process is carried out in the absence of oxygen.  

The cryogenic technique can be applied both to whole tires and shredded material from mechanical processing. In 

either case, the material is cooled to the point of extreme brittleness and is placed in a hammer grinder where the 

material is fractured, followed by separation of rubber, steel and synthetic fibers.  

According to Corti and Lombardi (2004), cited in Dehghanian and Mansour (2009), the advantage of this process 

over others is the large quantity of high-quality rubber that can be recovered. The rubber particles obtained are 

uniformly shaped without alteration of their composition or thermal degradation (Owen, 1998). 

The devulcanization process aims to recover the properties of vulcanized rubber so that the recycled material can 

be reused in place of virgin rubber. According to CIWMB (2004), this process consists of two steps: (1) pre-

processing, to reduce the size of the waste rubber and remove unwanted elements, such as steel and synthetic 

fibers; and (2) the devulcanization process itself, which breaks the chemical bonds existing in vulcanized rubber. 

The size of the material to be devulcanized (step 1) can be reduced by mechanical or cryogenic processing, as 

described previously. A common feature of all devulcanization methods is the need for very small vulcanized rubber 

particles. The reason is that the chemical, thermal or biological conversion subsystems only work efficiently with 

fine particles, because a high relative surface area is necessary for effective devulcanization reactions (CIWMB, 

2004). 

As reported by CIWMB (2004), the devulcanization process can be carried out by chemical, ultrasound, microwave, 

biological, mechanical or steam processing, or a combination of biological and microwave action. According to 

Dubkov et al. (2012), the method using ultrasound is still in the initial development phase, only having been applied 

on a pilot scale. Besides this, the equipment is expensive and requires high energy inputs. 

After processing, the co-products (steel and synthetic fibers) are separated out. Usually the steel is removed by 

magnets and the synthetic fibers by aspiration. These co-products can be used by other industries, reducing the 

unusable waste from scrap tires and generating complementary revenue for the processor. 

In the case of steel particles, they can be used by steel mills (Souza and D’Agosto, 2013) to make new steel or by the 

construction industry, mainly to reinforce concrete (Centonze et al., 2012). In turn, the synthetic fibers, composed 

variously of rayon, nylon and/or polyester, can be used by the pulp and paper industry to reinforce cardboard 

boxes (Lagarinhos, 2008) and the asphalt industry, where they can be used as stabilizing additives to improve 

drainage capacity (Putman and Amirkhanian, 2004).  

The processing of scrap tires can still leave unusable waste material, which according to PNRS (2010) is all the solid 

residue that cannot be treated and recovered by the available and economically feasible technologies. This material 

needs to be sent to landfills or other adequate disposal sites. 

3.3.2 Final users of scrap tires 

As shown in Tables 1 to 3, the industries that can use scrap tire material in their productive process can be 

classified into six groups: (1) rubber articles industry, (2) asphalt industry, (3) construction industry, (4) cement 

industry, (5) fuel industry; and (6) other industries. Souza and D’Agosto (2013) also mention the use of this 

material in the pulp and paper industry. 

In the rubber articles industry (Table 1), there are various possibilities for use of recycled scrap tires, from floor 

tiles/sheets and playground paving material to recovery of rubber (also called devulcanization). Among other 

rubber articles, this recovered rubber can be used to make new tires (Fukumori et al., 2002), thus configuring a 

closed-cycle reverse supply chain. However, in relation to playground pavement, consideration should go to the 

possible presence of compounds that are harmful to human health, as pointed out by Llompart et al. (2013), so 

there should be careful controls or even restrictions on use for this purpose. 
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In the asphalt industry, the addition of scrap tire material is used to modify the asphalt’s characteristics, for 

application to roads or other surfaces. This modified asphalt comes in two types, depending on the recycling 

process: (1) asphaltic concrete, obtained by dry processing, and (2) asphalt-rubber, obtained from wet processing. 

According to Celauro et al. (2012), besides the employment of water or not, the two processes also stand apart 

according to the amount of material added, its granulometry, the number of other components and the type of 

production equipment used. The dimensional variation of the rubber particles used in the dry process (0.1 to 6.4 

mm) is considerably larger than that of the wet process (0.1 to 0.74 mm). This occurs because in the dry process the 

rubber is added to the bitumen aggregate before being mixed with a binder (Navarro et al., 2004; Celauro et al., 

2012). Although this process improves the mixture’s resistance at intermediate temperatures, it does not inhibit the 

occurrence of cracks at low temperatures (Navarro et al., 2004). In turn, in the wet process, the finely ground 

rubber is added to the binder at high temperatures, causing a reaction that modifies the original properties of the 

binder (Navarro et al., 2004; Celauro et al., 2012). Unlike what happens in the dry process, the asphalt-rubber 

produced by the wet process has high resistance to cracking.  

Table 1 shows that 14.3% of the articles analyzed cover the dry process, while 71.4% refer to the wet process and 

14.3% refer to both processes.  

In the construction industry, recycled scrap tire material is mainly used for landfill (28%) and as aggregate for 

cement (68%). For landfill purposes, the objective is usually to fill in a determined space with lighter material that 

does not easily decompose (reducing the possibility of subsidence). As aggregate it can replace sand or gravel in 

different applications, such as cement paste (5.55%), mortar (11.11%), concrete (66.68%), controlled low-strength 

material - CLSM (11.11%) and bricks (5.55%).  

In the case of replacement of sand, usually the tire material is used without steel and fibers. Turgut and Yesilata 

(2008) focus on the use of recycled tire rubber as an aggregate in cement to make bricks, while Yesilata et al. (2011) 

discuss its use to improve the thermal protection of bricks. In both cases, there is a need to use material with small 

grain sizes. Tires of virtually all types can be used (bicycle, car, bus, truck, etc.). In the literature review, we only 

identified the use of car and truck tires for this purpose, but 71.8% of the articles (79) did not specify the tire type, 

since the material analyzed had been acquired already processed. The construction industry can also use the steel 

retrieved from shredded scrap tires (co-product) as cement aggregate (Centonze et al., 2012). 

The cement and fuel industries can also use scrap tire material as an energy source through thermal conversion. 

According to Galvagno et al. (2002), there are three thermal conversion methods: (1) incineration, (2) gasification 

and (3) pyrolysis. The difference among them refers to the operational conditions, and consequently the products 

generated. 

While in the incineration process, the material is totally consumed, releasing the energy contained in the residue, 

the main objective of the other two techniques (gasification and pyrolysis) is to recover the byproducts to 

transform them into oil, gas and carbon residue (Galvagno et al., 2002).  

In the cement industry, scrap tire material is used to replace other fuels (the main one being petroleum coke) in the 

process of making clinker from finely powdered material (generally a mixture of lime and clay). For this purpose, 

the scrap tires are usually subjected to mechanical processing to generate particles with size of approximately 50 

mm, without removal of steel and synthetic fibers. The material is then incinerated to produce heat and the ashes 

left over are added to the clinker material.  

In the fuel industry, gasification and pyrolysis of scrap tire material are used to produce oil, gas and carbon residue. 

According to López et al. (2012), gasification is a thermo-chemical process by which a carbon-based material, such 

as scrap tire shreds, is converted into a gas, composed mainly of carbon monoxide (CO) and hydrogen (HC), but the 

gas can also contain carbon dioxide (CO2) and light hydrocarbons (methane, ethane, propane and butane). The 

composition depends on the operational conditions of the converter (or reactor), such as temperature and 

composition of the gasification agent (air, oxygen and/or steam). The resulting mixture of gases, also called 

synthetic gas or “syngas”, can be burned in gas turbines and fuel cells after a scrubbing stage. The possibility of 
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using this fuel depends on the composition of the original material and the final application (López et al., 2012). 

In the bibliographic review (Table 2) we found that 6.2% of the articles mentioning the use of scrap tires in the fuel 

industry focused on gasification, using rubber particles with size between 0.1 and 4.5 mm. Of these, 75% involved 

generation of gas and 25% generation of gas and carbon residue. 

Pyrolysis, as explained by Galvagno et al. (2002) and López et al. (2012), is a thermochemical decomposition 

process where the input material is indirectly burned in an oxygen-free atmosphere. The entire process consists of 

a series of parallel and subsequent reactions inside a pyrolytic reactor. According to Galvagno et al. (2002), this 

process normally generates three types of products: (1) a gas fraction, composed essentially of hydrogen, methane 

and carbon oxides; (2) a liquid fraction, composed of water, tar and oils (organic compounds); and (3) a solid 

residue containing carbon and ashes (metals, oxides and inert materials).  

The yield from the reaction (or conversion) and the composition of these fractions depend on processing parameter 

values (temperature, heating rate, pressure, residence time and granulometry of the material) and the condensation 

temperature of the volatile fraction (Galvagno et al., 2002; López et al. 2012). 

Part of the gases resulting from pyrolysis can be used to generate heat for the pyrolysis process itself. They can also 

be used directly in the form of extracts from the reactor or be converted into products with higher aggregate value, 

such as commercial fuels and chemical products (Lucchesi et al., 1982; Bridgewater et al., 1999, cited in Galvagno et 

al., 2002). 

Table 2 shows that among the articles citing the use of scrap tire material in the fuel industry, 91.8% consider the 

pyrolysis process. Of these, 2.2% mention coke (from carbon residue) as the product generated, while 4.5% only 

mention generation of gas, 11.1% only generation of oil, 48.9% cover oil and gas, and 33.3% generation of oil, gas 

and carbon residue.  

The authors consider the use in pyrolysis of rubber particles in the size range of 0.1 to 400 mm. Williams et al. 

(1998), Kaminsky (1980) and Kaminsky (1985) also mention the use of whole tires. Only 2% of the articles mention 

both pyrolysis and gasification to obtain oil, gas and carbon residue, in these cases with rubber particles smaller 

than 12 mm. 

Besides the industries mentioned above, we also found articles discussing the use of scrap tires in other industries, 

with a variety of uses, such as absorbents for oil spills in water bodies (10%), water filter ballast (10%), electricity 

generation (10%), fabrication of carbon namomaterials (20%) and manufacture of activated charcoal (50%), 

usually from the carbon residue from pyrolysis. 

In this group (other industries), the articles refer to use of several tire types (bicycle, car, truck) and a wide range of 

particle sizes (0.5 to 20 mm) due to the diversity of final use. 

Based on analysis of the content of the articles found, it was possible to prepare a conceptual model for the reverse 

logistics chain of scrap tires, described next. 

4. REVERSE SUPPLY CHAIN FOR SCRAP TIRES 

Souza and D’Agosto (2013) carried out a review of the Brazilian and international literature on management of 

scrap tires. From the articles analyzed, they found that the existence of particularities and factors such as varied 

legislation and regulation, regional cultural differences and territorial extension influences this management.  

The main sources of scrap tires found were bus companies and scrap dealers, and 75% of the articles covered a 

single aggregation point (deposit). In 33% of the articles the authors reported the occurrence of sorting at the 

deposit point. In all the countries analyzed there was processing of scrap tires, with the main users of the material 

being cement makers (mentioned in 100% of the articles analyzed) and manufacturers of rubber articles (Souza 

and D’Agosto, 2013).  

Based on this information and analysis of Tables 1 to 3, presented in section 3, we prepared a model for the reverse 

supply chain of scrap tires (Figure 6). 
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Figure 6: Model for scrap tire reverse logistics chain. 

After preliminary sorting, the scrap tires are sent by the generating source to a deposit (intermediary), which can be 

located next to or near the generator, processor or user of the waste, or situated at a strategic site in relation to the 

other participants in the chain. At this deposit, the main sorting is carried out, to separate the tires that are really 

unserviceable from those that can be recapped, for delivery to a scrap processor or retreadder. The generator and 

intermediary are not directly affected by the definition of final use of the scrap material.  

According to Souza and D’Agosto (2013), the scrap tires can be used whole by construction companies (as landfill) 

and cement makers (energy). However, it is most common to submit the tires to processing, depending on the 

intended final use. This processing can be mechanical, cryogenic or devulcanization. The final use will also 

determine the particle size and quality (content of steel and fibers), which directly influence the resources 

(financial, technological and human) necessary for processing. 

According to Fleischmann et al. (1997), in the case of reverse supply chains, the impact of logistics costs grows with 

the degree of uncertainty regarding the quantity and quality of the waste material. In the case of unserviceable tires, 

this impact can be particularly high because tires cannot be compacted for transport and storage, making these 

steps more difficult and costly (Nohara et al., 2006; Aylon et al., 2009). The costs must also be considered of 

delivering the final waste material to the user and storage there before use.  

Because of the need to reduce these costs, especially transport of whole tires, processors should be located near the 

waste source (Sunthonpagasit and Duffey, 2004). The transport costs are influenced by various factors, among them 

the type of vehicle, type of waste, distance between generator and processor, etc. In this respect, location of the 

intermediary at a strategic point for aggregating the waste material for later transfer at lower cost (scale gains) can 

be advantageous. However, there is a tradeoff between transport and storage costs. 

The processing cost also obviously has a strong influence on the overall cost of the reverse supply chain. Souza and 

D’Agosto (2013b) analyzed the use of scrap tires by a cement maker and found that the processing cost accounted 

for 30% of the cost of the final material obtained.  

The choice of the right equipment for the final use and scale gains can help reduce the costs. The sale of co-products 

obtained from processing, like steel and synthetic fibers, can also help the bottom line, as can reduced generation of 
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unusable material through efficient processing. This unusable material, regardless of the process used, should be 

sent to a suitable disposal site.  

The information in Tables 1 to 3 shows that the material produced by mechanical or cryogenic processing can be 

sent to the construction, cement, fuel, asphalt and rubber articles industries, as well as companies in other 

industries for various uses. 

Table 1: Possible final uses of scrap tires. 

Final use 
Product 

generated/substituted 
Process used¹ Type of tire 

Specification of 

processed 

material 

Process used 

in recycling² 
Reference Observation 

Rubber articles 

industry 

Recovered rubber 
Mechanical / 

cryogenic 

Car and/or 

Truck 
1 to 5 mm Chemical 

Dubkov et al. (2012); 

Fukumori et al. (2002);  
  

Brake shoes NI NI 
0.595 to 0.841 

mm 
Chemical Chung and Hong (2013);    

Different uses 

NI NI NI NI 

Smith et al. (1995);    

Floor tiles and sheets 
Krüger et al. (2013); 

Llompart et al. (2013) 
  

Playground pavement 

material 
Llompart et al. (2013)   

Asphalt 

industry 

Asphalt-rubber 

NI NI 0.1 to 6.4 mm Dry 
Huang et al. (2007); 

Moreno et al. (2012) 
  

Cryogenic / 

mechanical 
NI 0.1 to 0.74 mm Wet 

Huang et al. (2007); 

Almeida Junior et al. 

(2012); Navarro et al. 

(2004); Celauro et al. 

(2012); Wang et al. 

(2012);  Xiao et al. (2009) 

  

Asphaltic concrete 

modified with addition 

of rubber 

Cryogenic  NI 3 to 13 mm  Dry 
Putman and Amirkhanian 

(2004) 

Use of co-

product 

(nylon) 

Construction 

industry 

Landfill NI NI 0.6 to 300 mm 
Mixture / 

filling 

Youwai and Bergado 

(2004); Aderinlewo and 

Okine (2009); Tafreshi 

and Norouzi (2012); 

Shalaby and Khan (2005); 

Lisi et al. (2004); Yoon et 

al. (2006); Edinçliler et al. 

(2010) 

  

Aggregate  
Mechanical / 

Cryogenic 
Car, Truck 

0.075 to 450 

mm 
Mixture  

Eldin and Senouci (1994); 

Meyer (2009); Fattuhi and 

Clark (1996); Ganjian et al. 

(2009); Uygunoglu and 

Topçu (2010); Najim and 

Hall (2012); Turgut and 

Yesilata (2008); Bantsis et 

al. (2012); Yesilata et al. 

(2011); Chulin et al. 

(2011); Thomas et al. 

(2012); Siddique (2009); 

Pierce and Blackwell 

(2003); Siddique and Naik 

(2004); Batayneh et al. 

(2008); Wu and Tsai 

(2009); Aiello and Leuzzi 

(2010) 

  

Aggregate NI NI 0.24 mm Mixture  Centonze et al. (2012) 
Use of co-

product (steel) 

Cement 

industry 
Co-processing Mechanical Bus 50 mm Incineration 

Souza and D'Agosto 

(2013); Dong et al. (2013)  
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Table 2: Possible final uses for scrap tires – continued. 

Final use 

Product 

generated/su

bstituted 

Process used¹ 
Type of 

tire 

Specification 

of processed 

material 

Process used in 

recycling² 
Reference Final use 

Fuel 

industry 

Coke NI NI NI Pyrolysis Chaala and Roy (1996)   

Generation of 

gas 

NI NI 
0.1 to 4.5 

mm 
Gasification 

Karatas et al. (2012); Piatkowski and 

Steinfeld (2010);  
  

Mechanical /  

cryogenic 
NI 

0.1 to 12.7 

mm 
Pyrolysis López et al. (2010); Roy et al. (1992)   

Generation of 

oil 

NI Car  0 to 1.5 Pyrolysis 
Kebritchi et al. (2013); Williams and Brindle 

(2003) 
  

NI Car, Truck 1 to 3 mm Pyrolysis 
Hariharan et al. (2013); Sharma and 

Murugan (2013); Frigo et al. (2014) 

Test in  

diesel 

engine 

Generation of 

oil and gas 

Mechanical / 

Cryogenic 

Bicycle, 

Car and 

Truck 

0.1 to 400 

mm 
Pyrolysis 

Chen et al. (2007); Islam et al. (2004); 

Stelmachowski (2009); Uçar et al. (2005); 

Murillo et al. (2006); Rushdi et al. (2013); 

Williams et al. (1990); Williams and Bottrill 

(1995); Kershaw (1998); Money and 

Harrison (1999); Uçar et al. (2005); López 

et al. (2013); Cunliffe and Williams (1998); 

Leung and Wang (1998); Aguado et al. 

(2005); Berrueco et al. (2005); Olazar et al. 

(2008); González et al. (2001); Fernández et 

al. (2012); Qu et al. (2006); Williams et al. 

(1998); Quek and Balasubramanian (2013) 

  

NI NI Entire Pyrolysis Williams et al. (1998)   

Generation of 

oil, gas and 

carbon 

residue 

Mechanical / 

Cryogenic 
Car, Truck 

< 8 to 150 

mm 
Pyrolysis 

Flecher and Wilson (1981); Acevedo et al. 

(2013); López et al. (2011); Niksiar el at 

(2013); Appleton et al. (2005); Lucchesi and 

Maschio (1983); Rodriguez et al. (2001); 

Avenell et al. (1996); Napoli et al. (1997); 

Kaminsky and Mennerich (2001); Kaminsky 

(1980); Saraf et al. (1995); Roy et al. (1990); 

Galvagno et al. (2002); Kaminsky (1985) 

  

NI NI < 12 mm 
Pyrolysis and 

Gasification 
López et al. (2012)   

NI Car Entire Pyrolysis Kaminsky (1980); Kaminsky (1985)   

Generation of 

gas and 

carbon 

residue 

NI NI 2 mm Gasification Galvagno et al. (2009);    

Table 3: Possible final uses for scrap tires – continued. 

Final use 

Product 

generated/substitu

ted 

Process 

used¹ 

Type of 

tire 

Specification 

of processed 

material 

Process used 

in recycling² 
Reference Observation 

Other 

industries  

Absorbent NI NI 0.4 to 4 mm Absorption Lin et al. (2008)   

Activated charcoal NI 
Car, 

Truck 
2 to 20 mm 

Pyrolysis and 

activation 

Min and Harris (2006); Giavarini 

(1985); Sainz-Diaz and Griffiths 

(2000); Barbooti et al. (2004); 

Hajizadeh et al. (2011) 

  

Filtering material NI NI 0.5 to 4 mm Filtering Tang et al. (2006)   

Electricity 

generation 
NI NI NI Incineration Nimmo et al. (2008)   

Carbon 

namomaterials 

NI Bicycle NI 

Chemical 

vapor 

deposition  

Yang et al. (2012)    

NI NI 76 to 13 mm 

Pyrolysis, 

catalytic 

synthesis 

Alves et al. (2012)   
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Inadequate 

disposal 
None None NI NI NI Shakya et al. (2008) Outdoor burning 

Processing - NI NI NI NI 

Liang and Hao (2000); Chien et al. 

(2003); Biddulph and Burford 

(1982); Figueiredo and Mayerle 

(2008); Sunthonpagasit and Duffey 

(2004) 

Refers to the 

theory of scrap 

tire processing 

Different 

uses 
NI NI NI NI NI 

 Dehghanian and Mansour (2009); 

Amari et al. (1999); Search and 

Ctvrtnicek (1976); Owen (1998) 

Has no 

application, only 

conceptual 

For devulcanization, the tires first need to undergo mechanical or cryogenic pre-processing. Besides this, the rubber 

particles need to be free of steel and fiber residues. After devulcanization, the material can be reused to make new 

tires or other rubber articles. The co-products generated in the processing (steel and fibers) can also be 

incorporated in a new productive process.  

According to Souza and D’Agosto (2013), the processing technology and final use of scrap tires depends on the legal 

and regulatory rules of the country or sub-national jurisdiction, the available technology and the economic 

feasibility.  

In general, there is strong concern over proper use of recycled scrap tire material and disposal of the unusable 

waste throughout the world. Countries like the United States, United Kingdom, Canada, Australia, Germany, France 

and Italy, among others, have laws and regulations mandating proper disposal of scrap tires. In most of these 

countries, the disposal of scrap tires in landfills is prohibited, encouraging the reuse of the processed material 

(Souza, 2011). 

Brazil has a National Solid Waste Management Policy, known by the initials PNRS, supported by a series of 

regulations issued in the form of normative resolutions that set targets for municipal and state governments 

regarding disposal of waste tires. The overall policy vision is that solid wastes must be managed based on 

systematic considerations and sustainable development (PNRS, 2010).  

5. CONCLUSION 

The aim of this work was to gather information for formulation of a reverse supply chain model for scrap tires 

considering different final uses for the various types of waste material produced from them. That model permits 

better understanding of the various technologies for recycling and uses of the material obtained, as well as adequate 

disposal of the unusable portion. The model enables perceiving the relations among the various elements of the 

reverse supply chain and which elements and processes are influenced by the choice of final use.  

This model is innovative because it allows observing not only the elements in the chain, but also their relations and 

the flow of scrap tires and the material produced from them along the chain. The model considers the existence of 

co-products and the possibilities of using these in new productive cycles, thus reducing the consumption of virgin 

raw materials and minimizing the environmental impacts. Besides this, it also considers the generation of unusable 

waste from processing scrap tires and suitable treatment and disposal of this portion of the material. 

To prepare the model we carried out a systematic bibliographic review, based on a procedure prepared by us 

(Figure 1). By applying this procedure, we obtained 157 articles, of which 110 presented a contribution regarding 

the reverse supply chain of scrap tires.  

From analyzing these articles, we verified that 49% consider the use of the recycled material in the fuel industry, to 

generate gas and oil that can partially replace petroleum derivatives. That concentration of articles on this 

particular aspect can be associated with the search for new energy alternatives and the fact that because it is still an 

unconsolidated application, there is room for a wider range of tests and evaluations. 

Of the articles found, 25% discuss the use of scrap tires in the construction industry, not only to reduce costs but 

also improve the products generated. In this sense, there appears to be a trend in this sector to search for new 

materials, recycled when possible, that can reduce the problems of shortage of material resources, to reduce 

operating costs and improve the sector’s image.  
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A further 8% of the articles are associated with the use of scrap tires in the asphalt industry, 6% in the rubber 

articles industry and 2% in the cement industry, mainly presenting more consolidated technologies. The remaining 

10% of the articles involve other industries, where the use of this material is still incipient. 

Mechanical processing of scrap tires is the method most widely utilized according to the literature consulted, even 

though cryogenic processing produces a more homogeneous and higher quality product.  

Devulcanization appears not to be a consolidated process yet. Besides this, it is expensive, with the capital cost 

ranging from $ 92,000.00 to $ 166,000.00 (CIWMB, 2004).  

In principle, any type of tire (bicycle, motorcycle, car, bus, truck, offroad vehicle, airplane etc.) can be submitted to 

mechanical, cryogenic or devulcanization processing to produce recycled materials for any of the industries in the 

reverse supply chain model developed here. However we did not find any specific articles dealing with motorcycle, 

airplane or offroad vehicle tires. 

Among the final uses found in the literature review, asphalt-rubber requires the smallest particles (without steel 

and synthetic fibers), making the processing more expensive. 

Of the recycling processes noted in the articles analyzed, thermal processes predominated – incineration, 

gasification and pyrolysis, together accounting for 51%, with 88.2% of these articles referring to pyrolysis. 

More than just the rubber from scrap tires can be reintroduced in a productive cycle. The steel and fibers, used to 

reinforce tires, also have a market and can generate additional revenue. Moreover, this practice reduces the waste 

generated along the chain, minimizing potential environmental impacts.In the works analyzed, we did not find any 

clear indications of the amount of unusable material left over after tire processing. However, this possibility 

certainly exists, and the material needs to be disposed of properly. 

As a limitation of this study, we point out that the reverse supply chain model presented here does not exhaust all 

the possibilities for using scrap tires. Our aim is to present the trends observed in the literature. For future works, 

we can suggest analysis considering the environmental and social costs and impacts generated by each of the final 

uses identified.  
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