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End-of-life vehicle (ELV) recycling is a process that spends energy and could be an energy source as well. This part of

energy recovering depends on many different factors related to the broad and local aspects of ELV recycling. The ELV

recycling process is consuming energy from different energy sources (electrical, fossil), however, this consumption is

lower in relation to energy consumption during the production of new vehicle parts from the very beginning. ELVs have, in

the first phase, been considered as an environmental problem, which must be solved through many decision-making

approaches, directives, and standards. Accordingly, it may be concluded, that this issue is very complex since it includes a

lot of relations concerning ELV recycling, as well as broad infrastructure and socio-economic environment factors. On the

other hand, there is not enough relevant and reliable information related to the ELV recycling and energy recovery through

ELV recycling process. This information can be obtained through user responses, financial analysis, business analysis, or

some government body relevant information sources. Due to new regulations related to ELV recycling, the responsibility of

manufacturers is becoming increasingly important. They are obligated to design and revise their processes and adapt

them to new legislation norms.
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1. Introduction

End-of-life vehicles (ELVs) have, in the first phase, been considered as an environmental problem, which must be solved

through many decision-making approaches, directives, and standards . Consequently, ELV recycling is a thoroughly

researched issue related to different aspects, such as volume , dismantling technologies and disassemblability 

, emission-control and decomposition , impact of hybrid and electric vehicles , recycling technologies 

, socio-economic benefits , development of financial policies , plastics recycling , impact on

quality and environment , information technologies application , sustainability , reverse logistics ,

legislative boundaries and environmental performance , and infrastructure . Other research sources present

methods and business potential for components re-use , definition of treatment centers for ELV processing ,

presentation of evaluation economics and material destinations remanufacturing optimization model according to a ELV

legislation , passenger vehicles aluminum parts recycling , development of ELV costing frameworks , application

of Preference Ranking Organization METHod for Enrichment Evaluation (PROMETHEE) method to select the best ELV

management method , and Analytic Hierarchy Process (AHP) method for selection of equipment for detoxification of

ELVs .

2. End-Of-Life Vehicles Recycling Procedures

Some authors suggested simulation approaches (Berzi et al. ) and dynamic modeling  to present influence of

different parameters on recycling rate, energy recovery, and recycling infrastructure, and nonlinear optimization model 

to illustrate the relationship between particle size reduction and liberation during the shredding and recycling of ELVs.

Shmidt et al.  focused on the identification of the environmental impacts and relevance for combinations of

recovery/recycling and lightweight vehicle design options through the whole life cycle. Mazzanti and Zoboli  introduced

the possibilities for specific economic instruments influencing the producer responsibility principle in waste and recycling

policy. Smith and Keoleian  introduced the energy usage reduction and pollution prevention in the USA through

remanufacturing a medium-sized gasoline automotive engine. There are suggestions discussing that recycling technology

innovation could be a significant driver for technology shift in the automotive industry . Mixed-integer linear

programming (MILP) model for ELV recovery network design constituted from dismantling centers and processing

facilities has been introduced by Qi and Hongcheng . Furthermore, mixed-integer nonlinear programming (MINP) has

been suggested for optimal long-term planning in the EU and in the Republic of Serbia vehicle recycling facilities by Simic

and Dimitrijevic . Literature shows the application of regression analysis to estimate the global flow of base metals

(iron, aluminium, copper, lead, and zinc) in the used automobile trade ; prediction to determine the impact that pre-

shredder treatment could have on achieving 85% recyclability rate in 2015 ; and to elaborate end-of-life product-
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specific material flow analysis . Current technologies within the Industry 4.0 concept allowed the development of smart

dismantling monitoring and smart trolley system for ELV recycling centers . A literature review showed that previous

research dealing with the recycling process, mainly solves various problems of a local character. Consequently, it is

suggested that a definitive solution, and accordingly, additional comprehensive research is needed .

Additionally, the materials used in the production of vehicles are constantly changing. Therefore, the individual types of

ELV waste components are further considered, since the impact on the environment and energy recovery from

components, such as oil, tires, plastics, and glass, are significant. Waste oils and hazardous liquids from ELVs are the

components that are isolated first . In the recycling process, the tank is dismantled, so that the oil is separated through

the equipment for extraction and purification and further used as a consumable resource (after removing excess water

and filtering the particles) in the heavy industrial plants and power plants. Stricter emission controls can limit this, so a

better option is to use refined oil as a lubricant, although this is not currently widely practised. Oil filters can retain large

amounts of waste oil that can be reused using special filter presses before recycling. The larger issues are related to the

antifreeze and motor fuel, which after purification require subsequent chemical treatment, which was confirmed by

research on the application of LCA for conditions in the Republic of Serbia. The car is not disassembled further before

these processes are finished .

When considering the total amount of plastic waste, ELVs participate with a share of 5%. The main challenge for

successful polymer recycling is their diversity and the complicated and time-consuming processes of their collection and

sorting. Globally, it can be estimated that the amount of plastic waste in the world reaches approximately 250 Mt per year.

This was estimated through the amount of plastic produced worth 265 Mt in Europe in 2010. With this estimated number,

taking into account the longer lifespan of ELVs in the world compared to Europe, which results in less waste plastic per

car, waste cars generate plastic waste in the amount of about 10 million tons per year. These amounts of plastic waste in

the world can have a great negative impact on the environment and society.

Plastic treatment, including ELV plastics, can be performed in four ways: Reuse, material recovery, energy recovery, and

landfilling. Material recovery involves mechanical recycling, chemical recycling, and biological or organic recycling, while

energy recovery involves the use of plastic waste as a substitute for fossil fuels to produce heat, steam, or electricity. The

main difference between recycling technologies is the change in material structure. Mechanical recycling does not change

the structure, while chemical recycling does. In addition to mechanical recycling, chemical, and raw material recycling

technologies, there are various solutions for plastic waste treatment, such as dissolution, solvolysis, pyrolysis, gasification,

etc., while energy recovery from plastic waste is most often performed at power plants or waste incineration plants. The

ecological sustainability of different material recovery technologies is determined by the input material. For instance, blast

furnaces that can use heterogeneous waste plastic, as raw material found in ELVs scrap, may be more suitable than

mechanical recycling process .

Two types of glass are used in cars—reinforced and laminated. Tempered glass is easy to remove from a vehicle when it

breaks. Laminated glass does not break, so it needs to be removed manually, which requires a lot of time and resources.

The ease of removing the glass in the disassembly phase depends on the way the glass is sealed during production. The

use of rubber seals makes the process of removing glass much easier compared to the method of direct glueing. In the

case of rubber seals, the complete window can be removed, but the more commonly used procedure of direct bonding

with glue involves cutting the glass disk in as large a diameter as possible, leaving a significant part of the glass in one

piece. In European countries, part of the waste glass of vehicles is currently recycled, although the largest percentage of

glass from ELV is disposed of in landfills as crushed residue. Disassemblers usually do not remove the glass from the ELV

vehicle before sending it to the crushers because its removal is time-consuming and the value of the glass waste is

relatively low. The estimated value of glass from one ELV is about 0.5 euros. In order for this process to be cost-effective,

it is necessary to process fifteen ELVs per hour, which is not feasible using current methods. Market reports on recycled

materials across Europe (Germany, France, UK, Hungary, etc.) have estimated that mixed auto glass has a negative

economic value of 25 to 35 euros per ton. Although glass recycling, due to its uneconomical nature is not currently the

most preferred option for companies, it will have to be increased in accordance with the requirements of the First Annex of

the Directive on the removal of glass at the dismantling stage. Until then, most of the waste glass from ELV ends up as

the rest of the crushing in landfills .

Based on the application of LCA, it can be concluded that the strategy of obtaining energy is based predominantly on the

recycling of tires, followed by the recycling of plastics, fabrics, oils, etc. . At the same time, part of the used components

is refined and reused as a second-hand commodity.
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Waste tires and their disposal are a global concern for the environment. They are not biodegradable, and it is estimated

that about 1.5 billion tires are discarded worldwide annually . Waste tires in landfills can be the culprit for the release of

hazardous substances into the environment and pose a danger as a potential fuel for unquenchable fires. In 2006,

Directive 2006/12/EC prohibited the disposal of tires, forcing their reuse, recycling, and recovery (3R).

With this in mind, various options for disposing of tires have been introduced, such as : Reuse of newer tires, in

accordance with the legal standards of the tread; reuse for landfills—whole tires can be used in tire construction process;

recycling by grinding—crushed rubber is used for covering sports areas and children’s playgrounds, for brake linings, as

landscaping mulch, greenery, carpet mats, as well as the addition of rubberized asphalt for roads. Rubber granulate is

also used in the production of new tires, as an additive to the primary rubber with a share of 5%. Other recycling

techniques include cryogenic fragmentation, devulcanization, microwave technologies, and other techniques that are

constantly evolving. Through the cryogenic fragmentation process tires are exposed to lower temperatures, leading to

brittle tires characteristic, suitable for further processing. The advantage of this type of fragmentation is lower energy

consumption and easier separation of metal and textile parts from rubber, which gives a cleaner final product. During the

cryogenic process, there is a small amount of environmental pollution. Rubber granulate has a very wide application in

infrastructure, agriculture, construction, and industry. Energy utilization—tires have a high calorific value (20% higher than

coal) which can be used to obtain energy at combustion, pyrolysis, or incineration processes in cement kilns. Pyrolysis is

expanding with the new line plant. Burning tires in cement kilns produces a large amount of thermal energy, but this

process also releases polluting gases, which may harm the environment and human and animal health.

However, the energy aspect, as well as an appropriate methodology, have not been investigated adequately. Similar

research to the analyzed subject refers to the reduction and recycling of automobile shredder residue (ASR) through life

cycle assessment (LCA) in order to improve recycling generation rate in Japan . The authors of the same research

stated that recycling ASR and recycling parts for reduction of ASR, which include bumpers, seats, instrument panels,

weather strips, and window shield glass, may be considered as effective in recovering energy generation rate increase.

Additionally, the same authors predict that international specialization in the manufacturing process will affect the

scrapping process, and that it is necessary to apply LCA on ELVs for logistics and plants for both domestic and

international projects. With this in mind, the results on LCA all indicate that promoting material collection and energy

recovery from the residues would minimize the total environmental impact of ASR recycling . Further research

confirmed that in the year 2011 the recycling and energy recovery rate of ASR and its equivalent was 93.3%, which

results in approximately 99% of ELVs being reused, recycled, and recovered . Furthermore, Vermeulen et al. 

concluded that ELV energy recovery treatments (incineration, pyrolysis, or gasification) may be observed as a low-cost

recycling route, as no complex, energy-consuming mechanical pre-treatment is necessary. Observing dismantled ELV

parts such as waste tires, it has been presumed that they are utilized for energy recovery (59%) in various facilities,

including paper mills and cement plants . In Italy, in order to reach the 85% recycling and 95% recovery rate in 2015,

the implementation of innovative and economically sustainable material and energy recovery processes from car fluff

appear unavoidable .

Accordingly, it may be concluded, that this issue is very complex since it includes a lot of relations concerning ELV

recycling, as well as broad infrastructure and socio-economic environment factors. On the other hand, there is not enough

relevant and reliable information related to the ELV recycling and energy recovery through ELV recycling process. This

information can be obtained through user responses, financial analysis, business analysis, or some government body

relevant information sources. Due to new regulations related to ELV recycling, the responsibility of manufacturers is

becoming increasingly important. They are obligated to design and revise their processes and adapt them to new

legislation norms.

References

1. Yang, Y.; Hu, J.; Liu, Y.; Chen, X. Alternative selection of end-of-life vehicle management in China: A group decision-
making approach based on picture hesitant fuzzy measurements. J. Clean. Prod. 2019, 206, 631–645.

2. Boustani, A.; Sahni, S.; Gutowski, T.; Graves, S. Tire remanufacturing and energy savings. In Environmentally Benign
Manufacturing Laboratory, Sloan School of Management; MITEI: Cambridge, Massachusetts, USA, 2010.

3. Charrette, Y.E. Waste to Energy Background Paper; 2011; Whitehorse, YC, Canada.

4. Lam, S.S.; Chase, H.A. A review on waste to energy processes using microwave pyrolysis. Energies 2012, 5, 4209–
4232.

[61]

[62]

[63]

[64]

[65] [66]

[67]

[68]



5. Antoniou, N.; Zabaniotou, A. Features of an efficient and environmentally attractive used tyres pyrolysis with energy
and material recovery. Renew. Sustain. Energy Rev. 2013, 20, 539–558.

6. Giles-Corti, B.; Vernez-Moudon, A.; Reis, R.; Turrell, G.; Dannenberg, A.L.; Badland, H.; Foster, S.; Lowe, M.; Sallis,
J.F.; Stevenson, M.; et al. City planning and population health: A global challenge. Lancet 2016, 388, 2912–2924.

7. James, A.T.; Gandhi, O.P.; Deshmukh, S.G. Development of methodology for the disassemblability index of automobile
systems using a structural approach. Proc. Inst. Mech. Eng. Part D J. Automob. Eng. 2017, 231, 516–535.

8. Sakai, S.I.; Noma, Y.; Kida, A. End-of-life vehicle recycling and automobile shredder residue management in Japan. J.
Mater. Cycles Waste Manag. 2007, 9, 151–158.

9. Rafaj, P.; Amann, M. Decomposing air pollutant emissions in Asia: Determinants and projections. Energies 2018, 11,
1299.

10. Kibira, D.; Jain, S. Impact of hybrid and electric vehicles on automobile recycling infrastructure. In Proceedings of the
Winter Simulation Conference, Phoenix, AZ, USA, 11–14 December 2011; pp. 1072–1083.

11. Hao, H.; Cheng, X.; Liu, Z.; Zhao, F. Electric vehicles for greenhouse gas reduction in China: A cost-effectiveness
analysis. Transp. Res. Part D Transp. Environ. 2017, 56, 68–84.

12. Zhou, F.; Lim, M.K.; He, Y.; Lin, Y.; Chen, S. End-of-life vehicle (ELV) recycling management: Improving performance
using an ISM approach. J. Clean. Prod. 2019, 228, 231–243.

13. Dodić, S.N.; Vučurović, D.G.; Popov, S.D.; Dodić, J.M.; Zavargo, Z.Z. Concept of cleaner production in Vojvodina.
Renew. Sustain. Energy Rev. 2010, 14, 1629–1634.

14. Altay, M.C.; Sivri, N.; Onat, B.; Şahin, Ü.; Zorağa, M.; Altay, H.F. Recycle of metals for end-of-life vehicles (ELVs) and
relation to Kyoto protocol. Renew. Sustain. Energy Rev. 2011, 15, 2447–2451.

15. Lopes, M.A.R.; Antunes, C.H.; Martins, N. Energy behaviours as promoters of energy efficiency: A 21st century review.
Renew. Sustain. Energy Rev. 2012, 16, 4095–4104.

16. Wee, H.M.; Yang, W.H.; Chou, C.W.; Padilan, M.V. Renewable energy supply chains, performance, application barriers,
and strategies for further development. Renew. Sustain. Energy Rev. 2012, 16, 5451–5465.

17. De Queiroz Lamas, W.; Palau, J.C.F.; de Camargo, J.R. Waste materials co-processing in cement industry: Ecological
efficiency of waste reuse. Renew. Sustain. Energy Rev. 2013, 19, 200–207.

18. Benkovic, S.; Makojevic, N.; Jednak, S. Possibilities for development of the electric power industry of Serbia through
private source financing of small hydropower plants. Renew. Energy 2013, 50, 1053–1059.

19. Rovinaru, F.I.; Rovinaru, M.D.; Rus, A.V. The Economic and Ecological Impacts of Dismantling End-of-Life Vehicles in
Romania. Sustainability 2019, 11, 6446.

20. Andersson, M.; Söderman, M.L.; Sandén, B.A. Challenges of recycling multiple scarce metals: The case of Swedish
ELV and WEEE recycling. Resour. Policy 2019, 63, 101403.

21. Andersson, M.; Söderman, M.L.; Sandén, B.A. Adoption of systemic and socio-technical perspectives in waste
management, WEEE and ELV research. Sustainability 2019, 11, 1677.

22. Yi, S.; Lee, H. Policies to Promote Resource Circulation through an Economic Analysis of End-of-Life Vehicles in
Korea; ISSE: Long Beach, CA, USA, 2019; pp. 372–372.

23. Miller, L.; Soulliere, K.; Sawyer-Beaulieu, S.; Tseng, S.; Tam, E. Challenges and alternatives to plastics recycling in the
automotive sector. Materials 2014, 7, 5883–5902.

24. Huang, J.; Tian, C.; Ren, J.; Bian, Z. Study on impact acoustic—Visual sensor-based sorting of ELV plastic materials.
Sensors 2017, 17, 1325.

25. National assembly of the Republic of Serbia. Energy Law [Zakon o energetici]. Оfficial Gazette of the Republic of
Serbia 84/04. 2004. Available online: http://www.parlament.gov.rs/content/eng (accessed on 27 June 2020).

26. Pavlović, T.; Milosavljević, D.; Radonjić, I.; Pantić, L.; Radivojević, A.; Pavlović, M. Possibility of electricity generation
using PV solar plants in Serbia. Renew. Sustain. Energy Rev. 2013, 20, 201–218.

27. National assembly of the Republic of Serbia. Act for Incentive Measures for Privileged Producers of Electricity [Uredba
o Merama Podsticaja za Povlašćene Proizvođače Električne Energije]. Official Gazette of the Republic of Serbia
8/2013. Available online: https://www.mre.gov.rs/doc/efikasnost-izvori/B02 Uredba o merama podsticaja za povlascene
proizvodjace05.02.15.pdf (accessed on 27 June 2020).

28. Wong, Y.C.; Al-Obaidi, K.M.; Mahyuddin, N. Recycling of end-of-life vehicles (ELVs) for building products: Concept of
processing framework from automotive to construction industries in Malaysia. J. Clean. Prod. 2018, 190, 285–302.



29. Zhou, Z.; Dai, G.; Cao, J.; Guo, G. A novel application of PSO algorithm to optimize the disassembly equipment layout
of ELV. Int. J. Simul. Syst. Sci. Technol. 2016, 17, 161–165.

30. Saleh, H.M.; Husain, M.N.; Isa, A.A.M. New Solution for ICT/ELV Infrastructure Project Reporting Using Datalink
Technique System. J. Telecommun. Electron. Comput. Eng. 2018, 10, 57–62.

31. Pan, Y.; Li, H. Sustainability evaluation of end-of-life vehicle recycling based on energy analysis: A case study of an
end-of-life vehicle recycling enterprise in China. J. Clean. Prod. 2016, 131, 219–227.

32. Nakajima, Y.; Matsuyuki, M. Utilization of waste tires as fuel for cement production. Conserv. Recycl. 1981, 4, 145–151.

33. Soo, V.K.; Peeters, J.; Compston, P.; Doolan, M.; Duflou, J.R. Comparative study of end-of-life vehicle recycling in
Australia and Belgium. Procedia Cirp. 2017, 61, 269–274.

34. Mohan, T.K.; Amit, R.K. Dismantlers’ dilemma in end-of-life vehicle recycling markets: A system dynamics model. Ann.
Oper. Res. 2020, 290, 591–619.

35. Xiao, Z.; Sun, J.; Shu, W.; Wang, T. Location-allocation problem of reverse logistics for end-of-life vehicles based on
the measurement of carbon emissions. Comput. Ind. Eng. 2019, 127, 169–181.

36. Hartman, H.; Hernborg, N.; Malmsten, J. Increased Re-use of components from ELV’s: A sign of customer and
environmental care (No. 2000-01-1513). In SAE Technical Paper; SAE International: Warrendale, Pennsylvania Troy,
Michigan, USA, 2000.

37. Díaz, V.; Fernández, M.G. Treatment center of end-of-life vehicles (No. 2001-01-3745). In SAE Technical Paper; SAE
International: Warrendale, Pennsylvania Troy, Michigan, USA, 2001.

38. Zhang, X.; Ao, X.; Cai, W.; Jiang, Z.; Zhang, H. A sustainability evaluation method integrating the energy, economic and
environment in remanufacturing systems. J. Clean. Prod. 2019, 239, 118100.

39. Arowosola, A.; Gaustad, G. Estimating increasing diversity and dissipative loss of critical metals in the aluminum
automotive sector. Resour. Conserv. Recycl. 2019, 150, 104382.

40. Özdemir, A.; Özkan, A.; Günkaya, Z.; Banar, M. Decision-making for the selection of different leachate
treatment/management methods: The ANP and PROMETHEE approaches. Environ. Sci. Pollut. R. 2020, 27, 19798–
19809.

41. Desnica, E.; Vulić, M.; Nikolić, M. AHP method in the function of adequate equipment choice for ELV detoxifcation in
Serbia and EU. Appl. Eng. Lett. 2016, 1, 115–121.

42. Berzi, L.; Delogu, M.; Giorgetti, A.; Pierini, M. On-feld investigation and process modelling of end-of-life vehicles
treatment in the context of Italian craft-type authorized treatment facilities. Waste Manag. 2013, 33, 892–906.

43. Sun, Y.; Wang, Y.T.; Chen, C.; Yu, B. Optimization of a regional distribution center location for parts of end-of-life
vehicles. Simulation 2018, 94, 577–591.

44. Wan, Z.; Liu, J.; Zhang, J. Nonlinear optimization to management problems of end-of-life vehicles with environmental
protection awareness and damaged/aging degrees. J. Ind. Manag. Optim. 2019, 13, 2117–2139.

45. Schmidt, W.P.; Dahlqvist, E.; Finkbeiner, M.; Krinke, S.; Lazzari, S.; Oschmann, D.; Pichon, S.; Thiel, C. Life cycle
assessment of lightweight and end-of-life scenarios for generic compact class passenger vehicles. Int. J. Life Cycle
Assess. 2004, 9, 405–416.

46. Mazzanti, M.; Zoboli, R. Economic instruments and induced innovation: The European policies on end-of-life vehicles.
Ecol. Econ. 2006, 58, 318–337.

47. Smith, V.M.; Keoleian, G.A. The value of remanufactured engines: Life-cycle environmental and economic
perspectives. J. Ind. Ecol. 2008, 8, 193–221.

48. Amaral, J.; Ferrao, P.; Rosas, C. Is recycling technology innovation a major driver for technology shift in the automobile
industry under an EU context? Int. J. Technol. Policy Manag. 2006, 6, 385–398.

49. Qi, Z.; Hongcheng, W. Research on construction mode of recycling network of reverse logistics of automobile
enterprises. In Proceedings of the International Conference on Information Management, Innovation Management and
Industrial Engineering, Taipei, Taiwan, 19–21 December 2008; IEEE Computer Society: Los Alamitos, CA, USA, 2008;
Volume 3, pp. 36–40.

50. Simic, V.; Dimitrijevic, B. Risk explicit interval linear programming model for long-term planning of vehicle recycling in
the EU legislative context under uncertainty. Resour. Conserv. Recycl. 2013, 73, 197–210.

51. Simic, V.; Dimitrijevic, B. Interval linear programming model for long-term planning of vehicle recycling in the Republic
of Serbia under uncertainty. Waste Manag. Res. 2015, 33, 114–129.



52. Fuse, M.; Nakajima, K.; Yagita, H. Global flow of metal resources in the used automobile trade. Mater. Trans. 2009, 50,
703–710.

53. Santini, A.; Herrmann, C.; Passarini, F.; Vassura, I.; Luger, T.; Morselli, L. Assessment of Ecodesign potential in
reaching new recycling targets. Resour. Conserv. Recycl. 2010, 54, 1128–1134.

54. Mathieux, F.; Brissaud, D. End-of-life product-specifc material fow analysis. Application to aluminum coming from end-
of-life commercial vehicles in Europe. Resourc. Conserv. Recycl. 2010, 55, 92–105.

55. Yi, H.C.; Park, J.W. Design and implementation of an endof-life vehicle recycling center based on IoT (Internet of
Things) in Korea. In Proceedings of the 22nd CIRP Conference on Life Cycle Engineering, Sydney, Australia, 7–9 April
2015; pp. 728–733.

56. Karagoz, S.; Aydin, N.; Simic, V. End-of-life vehicle management: A comprehensive review. J. Mater. Cycles Waste
2020, 22, 416–442.

57. Widodo, S.; Khoiruddin, K.; Ariono, D.; Subagjo, S.; Wenten, I.G. Re-refining of waste engine oil using ultrafiltration
membrane. J. Environ. Chem. Eng. 2020, 8, 103789.

58. Tadić, D.; Arsovski, S.; Stefanovic, M.; Aleksic, A. A fuzzy AHP and TOPSIS for ELV dismantling selection. Int. J. Qual.
Res. 2010, 4, 139–144.

59. Schönmayr, D. Automotive Recycling, Plastics, and Sustainability; Springer Books: Berlin/Heidelberg, Germany, 2017.

60. Pavlović, A. The Contribution of an Integrated Model of Motor Vehicle Management at the End of the Development Life
Cycle of the Republic of Serbia. Ph.D. Thesis, University of Novi Sad, Novi Sad, Republic of Serbia, 2016.

61. Mohajerani, A.; Burnett, L.; Smith, J.V.; Markovski, S.; Rodwell, G.; Rahman, M.T.; Kurmus, H.; Mirzababaei, M.;
Arulrajah, A.; Horpibulsuk, S.; et al. Recycling waste rubber tyres in construction materials and associated
environmental considerations: A review. Resour. Conserv. Recycl. 2020, 155, 104679.

62. Inghels, D.; Dullaert, W.; Raa, B.; Walther, G. Influence of composition, amount and life span of passenger cars on end-
of-life vehicles waste in Belgium: A system dynamics approach. Transp. Res. A Policy Pract. 2016, 91, 80–104.

63. Funazaki, A.; Taneda, K.; Tahara, K.; Inaba, A. Automobile life cycle assessment issues at end-of-life and recycling.
JSAE Rev. 2003, 24, 381–386.

64. Sakai, S.; Yoshida, H.; Hiratsuka, J.; Vandecasteele, C.; Kohlmeyer, R.; Rotter, V.S.; Passarini, F.; Santini, A.; Peeler,
M.; Li, J.; et al. An international comparative study of end-of-life vehicle (ELV) recycling systems. J. Mater. Cycles
Waste 2014, 16, 1–20.

65. Hiratsuka, J.; Sato, N.; Yoshida, H. Current status and future perspectives in end-of-life vehicle recycling in Japan. J.
Mater. Cycles Waste 2014, 16, 21–30.

66. Vermeulen, I.; Van Caneghem, J.; Block, C.; Baeyens, J.; Vandecasteele, C. Automotive shredder residue (ASR):
Reviewing its production from end-of-life vehicles (ELVs) and its recycling, energy or chemicals’ valorisation. J. Hazard.
Mater. 2011, 190, 8–27.

67. JATMA. Efforts in recycling by the tire industry. In Reference document no. 14 of the 30th Joint Committee of Industrial
Structure Council and Central Environmental Counci; The Japan Automobile Tyre Manufacturers Association: Tokyo,
Japan, 2012. (In Japanese)

68. Santini, A.; Morselli, L.; Passarini, F.; Vassura, I.; Di Carlo, S.; Bonino, F. End-of-Life Vehicles management: Italian
material and energy recovery efficiency. Waste Manag. 2011, 31, 489–494.

Retrieved from https://encyclopedia.pub/entry/history/show/6788


