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Abstract  

Every year, end-of-life vehicles generate between 8 and 9 million tons of waste in the Community, and the 
volume of ELVs requiring treatment is increasing. It is estimated that the number of ELVs in the EU25 will 
likely increase by 45 % between 2005 and 2030. The number of ELVs generated in a country depends on the 
number of vehicles in use, their age distribution, and the scrapping age distribution of different types of vehicles 
in the country. In addition, the import and export of used cars affect the number of ELVs in the particular 
country. 

As a result of the European Policies & Strategies and the objectives and legislation related to end-of-life vehicle 
(ELV) treatment in various countries, the treatment and disposal of ELVs has become a difficult challenge. 
Different management methods are currently available, even if not all of them allow the achievement of the new 
European targets defined by Directive 2000/53/EC. In order to reach the directive’s targets, by 2015, 95 % of 
ELVs should be recovered. This includes 10 % waste to energy, of which 85 % is recycled or reused. The 
environmental impact of the ELV can be classified into two categories: pollution and material loss. De-pollution 
is one of the main targets of the directive, and there are many requirements that have been set in order to 
decrease or avoid the negative environmental impact of ELVs. 

A recent study shows that there is a clear lack of detailed information about the further use of more than 50 % 
of the deregistered cars in Finland, and there is a clear need for improvements in data quality and availability of 
the national vehicle markets. In addition, the study shows that the specific environmental issue raised for ELVs 
is the material loss associated with the substances with relative low concentration/volume. Therefore, e.g., the 
recovery of precious metals and other valuable materials – instead of setting clear quantified targets for reuse, 
recycling, and recovery of vehicles and their components – should be a key factor (the prevailing strategy) in an 
efficient operation that creates the most value at making vehicle dismantling and recycling more environmentally 
friendly. In addition to the need for better data, methodological development is needed. 

The basic method for calculating the number of ELVs is the mass balance of car fleet based on statistics. The 
analysis of ELV generation shows clearly that the present form of published statistics concerning the car fleet 
and its changes in Finland do not offer a precise basis for estimating the number of ELVs generated. 

This research includes a material flow analysis of recycling processes in a case ATF Company (total reuse and 
recycling rate of 81.8%, and total reuse and recovery rate of 98.2 %) in Finland in 2011. The basis of the work is 
the data produced by the participating industrial partner and other stakeholders, as well as published literature. 
The research was made using the software tool STAN version 2.0. 
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1 Introduction 

In 2007 about 73 million vehicles were produced worldwide. Compared to about 38 million vehicles produced in 
1980, the worldwide production of cars grew steadily over the past decades despite a dip in 2008–2009 due the 
economic crisis. (Vermeulen et al., 2011.) About 35 million vehicles enter the recycle infrastructure each year: in 
Northern America, the amount of end-of-life vehicles (ELVs) is about 13 million; in Western Europe, 11 million; 
in Japan, 5 million; balance by others. (Daniels, 2007.) Five EU Member States (Germany, UK, France, Spain 
and Italy) are responsible for approximately 75 % of EU25 deregistration. It has been estimated that the number 
of deregistration in the EU25 is about 12.6 million in every year of which about 3 million is exported (about 2 
million is exported to another member states and about 1 million is exported outside EU) (European 
Commission, 2006a). 
 
In the European Community, according to the directive (2000/53/EC) 85 % of a vehicle, by weight, has to be 
recovered and reused by 2006 and 95 % by 2015. For reuse and recycling the requirement for 2006 is 80 % and 
85 % for 2015. The producers are liable to take back, treat and recycle end-of-life vehicles as well as to meet the 
costs involved in accordance with the requirements defined in the directive.  
 
As a result of the stringent landfill legislation and the objectives and legislation related to ELV treatment of 
various countries, the treatment and disposal of ELV has become a hard challenge (Vermeulen et al. 2011). 
Every year, ELVs generate between 8 and 9 million tons of waste in the Community and the volume of ELVs 
requiring treatment in the EU25 are increasing (European Commission, 2012b). It is estimated that the number 
of ELVs for the EU25 will likely increase by 45 % between 2005 and 2030. Meanwhile, the average weight of 
ELVs will increase.  
 
The ELV value chain consists of three main steps: Generation (including collection, transport and storage), 
processing and utilisation of the recycled materials. The further processing generally includes mechanical- and/or 
chemical processing and further refining or utilization as material or as fuel in energy production. In all steps 
some rejects are generated. The value chain of end-of-life vehicle management (ELVM) comprises a number of 
business entities; involved one or more aspects of ELVM management processing (Sakkas and Manios, 2003.) 
 
Taken into account mass of export of used cars, which is about 3 million (European Commission, 2006a), it can 
be expected that by 2030 the total mass of ELVs generated per year in the EU25 will reach 14–17 million tonnes. 
(Vermeulen et al. 2011.)  
 
Different management methods are currently available, even if not all of them allow the achievement of the new 
European targets, defined by Directive 2000/53/EC. In order to reach Directive’s targets, by 2015, 95 % of 
ELV should be recovered; includes 10 % waste to energy, of which 85 % recycled or reused respectively. “The 
core problem behind the disputes with regard to the Directive is the high cost of the extra recycling required to 
reach the targets it sets” (Sakkas and Manios, 2003.)  
 
Another challenge the industry is facing, is that only a part of vehicles which are deregistered receive a certificate 
of destruction (COD). In Finland the number of CODs issued was 64 851 in 2011, and 54 634 CODs in 2010 
(Finnish Car Recycling, 2012a). However, in many Member States including Finland, the number of registered 
ELVs represents less than 50 % of the amount of deregistered cars (Schneider et al., 2010). Thus, there is a clear 
lack of detailed information about the further use of more than 50 % of the deregistered cars, and further a clear 
need for improvements of data quality and availability of the national vehicle markets.  
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2 Material and Methods  

2.1 Estimation of ELV generation 

From the value chain point of view it is important to know the amount and age distribution of ELVs entering 
the recycling chain. Also the business models in car recycling are completely different in market situations where 
relatively new cars are scrapped compared with situations where the average scrapping age is high. 
 
The number of ELVs generated in a country depends on the number of vehicles in use, their age distribution 
and the scrapping age distribution of different types of vehicles in the country. In addition, import and export of 
used cars affects the amount of ELVs in the particular country. 
 
The basis of ELV estimation is the car fleet and its development.  Historic data can be obtained from registration 
statistics. Estimation of future car fleet is often based on population, GDP, and car saturation levels (Andersen 
et. al, 2008). 
 
The development of the car fleet in Finland, new registrations, development of average car age in the fleet and 
the age distribution of imported used cars is presented in figure 1. 

 

Figure 1: Car fleet of passenger cars and vans in Finland, new registrations of passenger cars and vans in Finland, average age of car 
fleet in Finland, and age distribution of imported used cars to Finland in 2003 – 2009 (Data sources:  TraFi, 2012; AuT, 2012) 

 

The import rate of used cars to Finland is about 17 % compared to new registrations and the export rate from 
Finland is at the moment low, less than 1 % compared to new registrations (Melhart et al., 2011; TraFi, 2012). A 
clear change in the age distribution of imported cars has occurred between 2003 and 2009 moving the age 
distribution to newer cars (Fig. 1). Because the number of imported used cars is relatively high, these imports 
have to be taken into account when the number of ELVs is estimated.  On the other hand the number of 
exported used cars is so low that exports need not to be considered in the estimation. 
The basic method for calculating the amount of ELVs is the mass balance of car fleet based on statistics 
presented in equation 1. The amount of cars removed from the fleet can be expressed as: 
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                                                                                 Eq.  (1) 

 
where,  is the number of cars removed from fleet in year t,   is car fleet in year t,  is the number of 

new registrations in year t,  is the number of imported used cars in year t, and   the number of exported cars 
in year t. 
 
The number of cars removed from fleet can also be calculated using the data of age distribution of cars in the 
fleet. Based on the average age of the fleet, the amount of cars removed from the fleet can be expressed as: 
 

                                                                                       Eq.     (2) 

 

where,  is the number of cars removed from fleet in year t,  is the average age of cars in fleet in year t, 

and  is the average age of imported used cars. 
 
Also the scrapping age of the cars can be used as the basis for the estimation of the amount of cars removed 
from the fleet. The development of average scrapping age and an example of scrapping age distribution in 
Finland are presented in figure 2. 
 

Figure 2: Changes in car fleet (passenger cars and vans) in Finland in 2011 (Data sources: TraFi, 2012; Finnish Car Recycling, 
2012a) 

 
Figure 2 shows that the average scrapping age has been slowly rising during the last decade. It also shows that 
the scrapping age does not quite follow a normal distribution because of the rising trend in new registrations. 
This can be taken into account by estimating the rate of scrapping over time for new registrations in a given year 
(car vintage). 
 
For a specific vintage of cars, Andersen et al. (2008) described the lifetime of these cars by a Weibull distribution 
given by:  

and F(T) = 1 for T                                                                            Eq.   (3) 
 
where T is the age of the cars, F(T) is the lifetime function giving the fraction of cars of vintage v still in 
operation in year t , (T=t-v). λ > 0 (scale along the y-axis), k > 0 (shape) and θ (location along the x-axis) are 
parameters describing the Weibull distribution. In the calibration of the model they assumed that θ=0. That is, 
the model allows for some cars being scrapped in the first year, e.g. due to car accidents. 
 
Assuming that the shape of the Weibull distribution has remained the same during the last decades and that the 
amount of new registrations has in average increased linearly in the same period (doubled during the last 30 
years), the amount of cars removed from the fleet can be expressed as: 
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                                                                     Eq.    (4) 

 
where  is the number of cars removed from fleet in year t,  is the share of cars registered in year i 

which are scrapped in year t (calculated from Eq. 3 with λ = 20.1 and k = 6.94 ),  is the share of used cars 

which are imported in year j and are originally registered in year i, n is the number of years during which all cars 
registered in a given year will be scrapped, and m is the number of years during which all of the used cars 
imported in a given year have originally been registered.  
 

2.2 Relevant material fractions in End-of-Life Vehicles 

The vehicles entering the ELV management process can be referred to as “high salvage” ELVs (HS-ELV) and 
“low salvage” ELVs (LS-ELV). LS-ELVs will principally be represented by old-age vehicles which have been 
removed from the fleet as a result of poor mechanical and/or physical condition or as a consequence of age 
and/or damage. In contrast HS-ELVs consist mainly of “late-model” vehicles which are removed from the fleet 
as a consequence of limited damage by collision or impact. In the UK, it is estimated that 10-15 of ELVs are 
accident damaged vehicles and that the remaining 85–90 % have reached the end of their life naturally (GHK, 
2006).The biggest difference in managing of HS-ELVs and LS-ELVs is that for HS-ELVs, maximum parts 
recovery is the prevailing strategy. 
 
The scrapping age distribution has a huge impact on ELV dismantling and materials processing practices. The 
material composition of cars is constantly changing and the usability and value of recovered parts depends 
strongly on the scrapping age. Figure 3 shows some material composition changes in cars manufactured in 
Europe and North America.  
 

 
Figure 3: Material composition changes in passenger cars (Data sources: GHK, 2006; Sawyer-Beaulieu, 2009) 

 
 
Currently about 75 % of ELV total weight is recyclable, although the current levels of reuse, recycling and 
recovery vary significantly between EU member states (European Commission, 2006a). In addition to the 
composition of ELV the scrap value of parts and metals is also crucial in point of view of recycling. Although 
metals and other valuable parts of ELV could be quite easily recycled, the remaining 25 %, which is called 
Automotive Shredder Residue (ASR or car fluff), is landfilled instead of recycling, although there is increasing 
investment and development of technologies to treat ASR as well. In Europe ASR is classified as hazardous 
waste due to its heterogeneous composition and heavy metal content (Vermeulen et al., 2011). ASR is made of 
plastic (19–31 %), rubber (20 %), textiles and fiber materials (10–42 %) and wood (2–5 %), which are 
contaminated with metals (8 %), oils (5 %), and other substances, some of which may be hazardous (about 10 
%), e.g. PCB, cadmium and lead (Nourreddine, 2007). 
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In the future, based on changes already made in vehicle design in order to reduce the environmental impact of 
cars and to increase sustainability, both the weight and composition of ELVs will change. The average weight of 
ELVs will increase, and the share of an ELV by weight accounted for by plastics will increase while the share 
accounted for by ferrous metals (mainly steel) will decline. However, the absolute weight of metals will increase 
(Tab. 1). (European Commission, 2006a; Reinhardt & Richers, 2004.)  
 
The potential forecast growth in electric and hybrid light vehicles is driving growth in a new supply chain for 
components required in the hybrid and electric vehicles. Over the next decade the supply chain and components 
will mature, as manufacturers strive to optimize performance and reduce cost as well as allowing them to meet 
their future CO2 and fuel economy reduction targets. (Auto Sector Research, 2012.) 
 
The environmental impacts of ELV can be classified into two categories: pollution and material loss. Based on 
the material composition of ELV the most negative environmental consequences will be related to the materials 
that include: oil, coolant, fuels, brakes and other fluids, and heavy metals including lead (Pb), mercury (Hg), 
cadmium (Cd) and hexavalent chromium (chromium VI). Depollution is one of the main targets of the 
Directive, and thus there are a lot of requirements, that have been set in order to decline or avoid the negative 
environmental impact of ELVs.  
 

2.3 Materials from de-pollution, dismantling and metal separation 

On a new vehicle, for which component parts, material or both can be taken into account, the calculation of the 
recyclability and recoverability rates is carried out through four main steps: depollution, dismantling, metals 
separation and non-metallic residue treatment. (ISO 22628:2002.)  

 
Depollution concerns about 3 % in weight of ELV materials (Morselli et al., 2010) consist in the removal 
batteries, fluids, heavy metals containing components, or potentially explosive elements (e.g. airbags).  
 
Dismantling consists in the removal of valuable parts and materials which can be re-used or recycled (e.g. glass, 
metallic components containing aluminum, magnesium, copper, rubber and plastic elements). The weight 
percentage of removed parts depends of a dismantling plant: values range from 9 % for old (natural) ELVs to 47 
% for new (premature, e.g. damaged) ones (Morselli et al. 2010). Certain other of the vehicles reusable or 
recyclable component parts may be taken into account. Based on the general requirement, component part shall 
be considered as reusable, recyclable or both (dismantling based on its accessibility, fastening technology and 
proven dismantling technologies). As a specific requirement, a component part shall be considered as recyclable, 
based on: its material composition, and proven recycling technologies. In order to be recyclable, a component 
part or material shall be linked to a proven recycling technology. An additional requirement is that the reusability 
of a component part shall be subject to consideration of safety and environmental hazards. (ISO 22628:2002.) 
Materials from de-pollution and dismantling (in tonnes per year) of ELV arising in Finland is shown figure 4. 
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Figure 4: Materials from de-pollution and dismantling (in tonnes per year) of End-of-Life Vehicle in Finland 2008–2009 

(European Commission, 2012b) 
 

All metals, ferrous and non-ferrous, which have not already been accounted for in the previous processes shall 
be taken into account in Metals separation.  Both ferrous and non-ferrous metals are considered as recyclable: 72 
% for ferrous products, 1–3 % separated non-ferrous product. (ISO 22628:2002; Forton et. al., 2006; Redin et. 
al. 2010.)  Materials from shredding (in tonnes per year) of ELV arising in Finland is shown figure 5. 
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Figure 5: Materials from shredding (in tonnes per year) of End-of-Life Vehicle in Finland 2008–2009 (European Commission, 

2012c) 
 

The remaining other materials constitute the non-metallic residue. At this step, the residual non-metallic 
recyclable materials or both these materials and the residual non-metallic recoverable materials may be taken into 
account. Light fraction fluff, size > 30mm, represents about 50 % of the total ASR stream (approximately 25 % 
of an ELV). Considering only the coarse and oversize fraction, can potentially be recovered typically 40 % (i.e. 
20 % of total ASR or 5 % of an ELV) of it. According to the European Commission Decision 2000/532/EC, 
several components of ELVs and shredder waste have been reclassified as hazardous. Thus fines fraction (< 17 
mm refined fluff), middles fraction and oversize faction can be considered for energy recovery. (Forton et. al., 
2006; Redin et. al., 2010.)   
 
Under evaluation of both car producer and recycling companies at this time, great innovations are expected in 
the next years, i.e. concerning material separation enhancement, thermo-chemical conversion (gasification and 
pyrolysis) and recycling/recovery routes of the residue. (Vermeulen et al., 2010). Possible upgrading by 
secondary recovery techniques can produce a fuel- or filler grade ASR (the application in waste-to-energy plants, 
in cement kilns or in metallurgical processes is possible with limitations). The ASR quantities are likely to 
increase in the coming years due to the growing number of cars being scrapped and the increase in the amount 
of plastics used in car production. (Morselli et al., 2010.)  

 

2.4 Methods  

Viewing the value chain of ELV, we need to account for not only the material flows, but also the costs of the 
treatment processes (U.S. Environmental Protection Agency, Heiskanen & Laaksonen, 2010). When 
analyzing economy and markets of ELVs, there are two possibilities to approach the issue. Traditional way is to 
concentrate on analyzing waste generation. However, in the present work more effort will be placed on analyzing 
the value chain itself. Thus, the focus will be on the outputs and their refining processes of the value chain. The 
target is to find out the following issues: the amount of outputs and the refining processes of outputs. 
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In this research was made Material Flow Analysis (MFA) of recycling processes in a case ATF company (total 
reuse and recycling rate: 81.8 %, and total reuse and recovery rate: 98.2 %) in Finland 2012. The basis of the 
work is the data produced by the participating industrial partner and other stakeholders, as well as published 
literature. The research was made using the software tool STAN (short for subSTance flow ANalysis) version 
2.0, which is a freeware that helps to perform material flow analysis according to the Austrian standard ÖNorm 
S 2096 (Material flow analysis - Application in waste management). STAN is available on the Internet (TU 
Wien’s homepages). (TU Wien, 2010.) 
 
 

3 Results and Discussion 

As an example, the calculation result for year 2011 is presented in figure 6.  
 

 
Figure 6: Changes in car fleet (passenger cars and vans) in Finland in 2011 (Data sources: TraFi, 2012; Finnish Car Recycling, 

2012a) 

 
As can be seen from figure 3-1 the number of registered ELVs (issued CODs) in 2011 was bigger than the 
amount of cars removed (deregistered) from the fleet. This indicates that a large number of cars are in an “ELV 
stock”, that is, deregistered but not yet scrapped. In the long run the amount of cars removed from the fleet and 
the amount scrapped should be equal. Some cars are after deregistration, however, registered again which leads 
to some errors when the removal is calculated with equation (1). 
 
Figure 7 shows the calibration result in relation to the test result from 2010. 
 



 

 

Sinks a Vital Element of Modern Waste Management 
2nd International Conference on Final Sinks 
16 – 18 May 2013 
Espoo, Finland 

 

  

 

 

 
 

Figure 7: Estimated scrapping age distribution (Eq. 3) 
 

Based on the data of the age of imported used cars and the scrapping age distribution (Fig. 1 and 4) both n and 
m can be set as 20 years without loss of relevant data.  
 
The estimated number of cars removed from the fleet based on calculations with equations (1) … (4) is 
presented in figure 8. Based on the scrapping age distribution, the amount of cars removed from the fleet is 
projected until year 2020.  
 

 
Figure 8: Estimation and future projection of the number of cars removed from car fleet, and the number of registered End-of-Life 

Vehicles (CODs) in 2009-2011 in Finland 
 
As can be seen from figure 8, the different data elements in vehicle statistics are not consistent for the estimation 
of ELV potential. The fleet-based estimation (Eq. 1) seems to give a too low ELV potential at least for recent 
years, because the number of registered ELVs (scrapping certificate, COD) have been higher than the fleet based 
estimation. It must also be noted that scrapping occurs also without certificates making the difference between 
real ELV potential and fleet-based estimation even bigger. On the other hand, scrapping age based estimation 
seems to give a too high potential. This seems to be especially true in situations when the numbers of new 
registrations drop and the “normal” cycle of car change is disrupted. Also the assumption that the shape of the 
Weibull distribution is constant increases the error. Anyway it seems that the drop in deregistration during the 
last few years (Fig. 3-4) build an increased scrapping potential into the car fleet. On the other hand there will be a 
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drop in the number of ELVs in the near future because of the sharp drop of new registrations in the first half of 
1990’s (Fig. 9).       
 

 
Figure 9: Share of vehicles removed from the car fleet in Finland (Data source: TraFi, 2012) 

 
 
The first stage of the ATF’s recycling system is dismantling process where the automobiles are usually depolluted 
by removing and reused components such as: cooling liquid 0.38 % of Adj. Avg. Reg. Weight (kg); windscreen 
liquid 0.10 %; refrigerant 0.00 %; glass 0.58 %; and other spare parts 6.02 %. A component part or material shall 
be considered as recoverable: engine, gear and other oils in total 0.47 % and brake fluid 0.04 %. Share of the rest 
materials depolluted: tires 2.77 %; rims 2.96 %; batteries 1.30 %. Approximately 2.19 % of the materials (parts) 
are missing at reception.  Based on the case company’s data, consolidated dismantling balance is 16.81 %. Figure 
10 shows an outline model of ELV material flow at the company. A display unit (flow) is percentage (%) per 
Adj. Avg. Reg. Weight (kg). A stated value is presented without uncertainty. (Kuusakoski, 2011; ISO 22628:2002; 
TU Wien, 2010.) 
 

 
Figure 10: An outline model of End-of-Life Vehicle material flows in a schematic diagram, including relevant processes and flows 

(Data source: Kuusakoski, 2011) 
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The second stage of the ATF’s recycling system is shredding process (approximately 83 % of an ELV’s 
treatment), where the materials are fed into hammer mills (fragmentizers), which size-reduce all of the remaining 
components from the dismantling stage into pieces fist-sized or smaller. These are then separated using an array 
of processes such as air classification, magnetic drum, manual separation and eddy current separation into three 
major material streams: ferrous products (recycled); separated non-ferrous products (recycled); and further 
metals recovery. Like many shredders worldwide, the company process ELVs alongside other consumer 
products including white goods, light iron and metallic manufacturing and construction waste. (Ambrose et al., 
2000; Kuusakoski, 2011.) According to Forton et al. (2006), “In such cases a more general term, shredder residue 
(SR), is used describe the associated waste produced at the end of the shredding process.” Magnetic separation is 
used to recover iron and steel (around 71 % of the shedder’s input) while the eddy current and heavy media 
separation plans are used to recover non-ferrous metals (around 5 % of the shredder’s input).  The magnetic 
fluff, around 25 % of total SR, is treated as recyclable or finally disposal. The non-magnetic fluff, the rest of total 
SR, is e.g. sieved and considered as recyclable and reusable. Approximately 8–9 % (including some materials 
form dismantling, e.g. engine oil) of an ELV is used in Waste-to-energy (WtE), a form of energy recovery. At 
post-shredder technology (PST) stage, segregated material fractions (∆ Output – Input) from the shredder (1–2 
%) are further processed with different technologies (magnet, eddy current, flotation) to obtain material fractions 
which can be used as valuable secondary raw materials (Opel, 2011). Figure 11 shows an outline model of ELV 
material flow in the shredding process. A display unit (flow) is percentage (%) per Adj. Avg. Reg. Weight (kg). A 
stated value is presented without uncertainty. (Kuusakoski, 2011; ISO 22628:2002; TU Wien, 2010.) 
 

 
Figure 11: Schema of processes (sub-system, shredding) at an outline model of End-of-Life Vehicle material flows (Kuusakoski, 

2011) 
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4 Conclusions 

Every year, ELVs generate between 8 and 9 million tons of waste in the Community and the volume of ELVs 
requiring treatment in the EU25 are increasing. It is estimated that the number of ELVs for the EU25 will likely 
increase by 45 % between 2005 and 2030. Meanwhile, the average weight of ELVs will increase. As a result of 
the stringent landfill legislation and the objectives and legislation related to ELV treatment of various countries, 
the treatment and disposal of ELV has become a hard challenge. Different management methods are currently 
available, even if not all of them allow the achievement of the new European targets, defined by Directive 
2000/53/EC. In order to reach Directive’s targets, by 2015, 95 % of ELV should be recovered; includes 10 % 
waste to energy, of which 85 % recycled or reused respectively. 
 
From the value chain point of view it is important to know the amount and age distribution of ELVs entering 
the recycling chain. Also the business models in car recycling are completely different in market situations where 
relatively new cars are scrapped compared with situations where the average scrapping age is high. The number 
of ELVs generated in a country depends on the number of vehicles in use, their age distribution and the 
scrapping age distribution of different types of vehicles in the country. In addition, import and export of used 
cars affects the amount of ELVs in the particular country. The basis of ELV estimation is the car fleet and its 
development.  Historic data can be obtained from registration statistics. Estimation of future car fleet is often 
based on population, GDP, and car saturation levels. Also the scrapping age of the cars can be used as the basis 
for the estimation of the amount of cars removed from the fleet. 
 
The different data elements in vehicle statistics are not consistent for the estimation of ELV potential. The fleet-
based estimation seems to give a too low ELV potential at least for recent years, because the number of 
registered ELVs (Certificate of destruction, COD) have been higher than the fleet based estimation. It must also 
be noted that scrapping occurs also without certificates making the difference between real ELV potential and 
fleet-based estimation even bigger. On the other hand, scrapping age based estimation seems to give a too high 
potential. This seems to be especially true in situations when the numbers of new registrations drop and the 
“normal” cycle of car change is disrupted. Anyway it seems that the drop in deregistration during the last few 
years build an increased scrapping potential into the car fleet. On the other hand there will be a drop in the 
number of ELVs in the near future because of the sharp drop of new registrations in the first half of 1990’s. In 
addition, the number of registered ELVs (issued CODs) in 2011 was bigger than the amount of cars removed 
(deregistered) from the fleet. - This indicates that a large number of cars are in an “ELV stock”, that is, 
deregistered but not yet scrapped. 
 
There is really one problem that must be overcome in order to make the industry a successful operation:  
 

 Only a part of vehicles which are deregistered receive a certificate of destruction (COD). There is a clear 
lack of detailed information about the further use of more than 50 % of the deregistered cars, and 
further a clear need for improvements of data quality and availability of the national vehicle markets. 

 A challenge clearly identified (in all value chain analyses) is the lack of good quality data. In addition to 
the need of better data, methodological development is needed.  

 
 
Viewing the value chain of ELV, we need to account for not only the material flows, but also the costs of the 
treatment processes. When analyzing economy and markets of ELVs, there are two possibilities to approach the 
issue. Traditional way is to concentrate on analyzing waste generation. However, in the present work more effort 
will be placed on analyzing the value chain itself. Thus, the focus will be on the outputs and their refining 
processes of the value chain. The target is to find out the following issues: the amount of outputs, the refining 
processes of outputs, and the operators and countries related to the refining processes.  
 
Steel is one of the most attractive and valuable materials in the recycling system. Meanwhile the plastic can be 
contaminated and cause an entire batch of potential recycling material to be scrapped. When compared to other 
materials like glass and metal, plastic polymers require greater processing to be recycled. It is shows that about 80 
% of ELVs materials, mainly metals are recycled or re-used. Shredding of steel scrap has proven to be a key 
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factor in an efficient operation that creates the most value of the ELV waste material treatment. The shredded 
steel scrap commands a premium price over most other grades of scrap is the best proof of its value.  
 
The ASR quantities are likely to increase in the coming years due to the growing number of cars being scrapped 
and the increase in the amount of plastics used in car production. According to the European Commission 
Decision (2000/532/EC), several components of ELVs and shredder waste have been reclassified as hazardous. 
Main development challenges are thus connected to the modeling of multi-stakeholder and multi-criteria 
decision making in waste and recycling value chains, and measurement and assessment of emissions and 
environmental impacts connected to these value chains. Under evaluation of both car producer and recycling 
companies at this time, great innovations are expected in the next years, i.e. concerning material separation 
enhancement, thermo-chemical conversion (gasification and pyrolysis) and recycling/recovery routes of the 
residue. Possible upgrading by secondary recovery techniques can produce a fuel- or filler grade ASR.  
 
 

5 Acknowledgements 

This study is partially sponsored by the Finnish Funding Agency for Technology and Innovation, research 
project consortium companies and research institutions and universities via the Grant-in-aid for the research 
project Advanced Solutions for Recycling Complex and New Materials, NeReMa (No. 40314/10). 
 
 

6 References 

Ambrose, C.A., Singh, M.M. & Harder, M.K. 2000. The material composition of shredder waste in the UK. 
Institute of Waste Management Scientific & Technical Review (2000), pp. 27–35. 
Andersen, F. M., Larsen, V., Skovgaard, M., 2008. Projection of end-of-life vehicles. Development of a 
projection model and estimates of ELVs for 2005-2030. European Topic Centre on Resource and Waste 
Management. ETC/RWM working paper 2008/2. 28 p. 
Auto Sector Research. 2012. The Hybrid and Electric Vehicle Components Report. PDF. [Online] 2012. 
[Cited: 25.4.2012.] 
http://www.autosectorresearch.com/samples/components.pdf  
Daniels, E. 2007. U.S. Government/industry Collaboration for Sustainable End-of-Live Vehicle Recycling. 
PDF. [Online] 2010. [Cited: December 10, 2010.] 
http://www.sae.org/events/gim/presentations/2007daniels.pdf.  
European Commission. 2006. A study to examine the benefits of the End of Life Vehicles Directive and the 
costs and benefits of a revision of the 2015 targets for recycling, re-use and recovery under the ELV Directive, 
GHK / BIOIS, May 2006. European Commission. [Online] 2006. [Cited: April 3, 2012.] 
http://ec.europa.eu/environment/waste/elv_study.htm 
European Commission. 2012a. Environment, Waste, End of Life Vehicles.  European Commission. [Online] 
2012. [Cited: March 19, 2012.]  
http://ec.europa.eu/environment/waste/elv_index.htm. 
http://epp.eurostat.ec.europa.eu/portal/page/portal/waste/data/wastestreams/elvs. 
European Commission. 2012b. Environmental Data Centre on Waste, End-of-life Vehicles (ELVs), Re-use 
and Recovery Rate, Materials from de-pollution and dismantling (in tonnes per year) of end-of-life vehicles 
arising in the Member State and treated within the Member State.  Eurostat. [Online] 2011. [Cited: March 21, 
2012.] 
http://epp.eurostat.ec.europa.eu/portal/page/portal/waste/data/wastestreams/elvs. 
European Commission. 2012c. Environmental Data Centre on Waste, End-of-life Vehicles (ELVs), Re-use 
and Recovery Rate, Materials from shredding (in tonnes per year) of end-of-life vehicles arising in the Member 
State and  treated within the Member State. Eurostat. [Online] 2011. [Cited: March 21, 2012.] 
http://epp.eurostat.ec.europa.eu/portal/page/portal/waste/data/wastestreams/elvs. 
GHK, 2006. GHK Ltd, Bio Intelligence Service S.A.S. A study to examine the benefits of the End of Life 
Vehicles Directive and the costs and benefits of a revision of the 2015 targets for recycling, re-use and recovery 



 

 

Sinks a Vital Element of Modern Waste Management 
2nd International Conference on Final Sinks 
16 – 18 May 2013 
Espoo, Finland 

 

  

 

 

under the ELV Directive. Final Report to DG Environment, EU. ANNEX 2: ARISINGS AND TREATMENT 
OF END OF LIFE VEHICLES.  26 p. 
Finnish Car Recycling. 2012a. Press release. New record in in car recycling in 2012 (17.2.2012). Finnish Car 
Recycling Ltd. [Online] 2012. [Cited: March 21, 2012.]  
http://www.autokierratys.fi/Ajankohtaista/Tiedotteet.aspx?kieli=en-US.  
Forton, O.T., Harder, M.K. & Moles, N.R. 2006. Value from shredder waste: Ongoing limitations in the UK. 
Journal of Resources, Conservation and Recycling, 46(2006), pp. 104–113. 
International Organization for Standardization. 2002. ISO 22628:2002. Road vehicle – Recyclability and 
recoverability - Calculation method.  
Melhart, G., Merz, C., Akkermans, L., Jordal-Jorgensen, J. , 2011. European second-hand car 
market analysis. Final Report. European Commission - DG Climate Action. 24.2.2011. 163 p. 
Morselli, L., Santini, A., Passarini, F. & Vasura, I. 2010. Automotive shredder residue (ASR) characterization 
for a valuable management. Journal of Waste Management, 30(2010), pp. 2228–2234.  
Nourreddine, M. 2007. Recycling of auto shredder residue. J. Hazard. Mater, A139(2007), pp. 481–490.  
Opel. 2011. Owners services, The Opel recovery consept. Opel. [Online] 2011. [Cited December 28, 2011.] 
http://www.opel.ie/owners/recycling/recovery-concept.html   
Redin, L., Hjelt, M. & Marklund, S. 2010. Co-combustion of shredder residues and municipal solid waste in a 
Swedish municipal solid waste incinerator. Journal of Waste Management & Research, 19(2001), pp. 518–525. 
Sakkas, N. and Manios, T. 2003. End of life vehicle management in areas of low technology sophistication. A 
case study in Greece. Bus. Strat. Env., 12(2003), pp. 313–325.  
Sawyer-Beaulieu, S., 2009. Gate-to-gate Life Cycle Inventory Assessment of North American End-of-life 
Vehicle Management Processes. Doctoral Thesis. University of Windsor. Windsor, Ontario, Canada. 210 p. 
Schneider, J., Karigl, B., Neubauer, C., Tesar, M., Oliva, J. and Read, B. 2010. End of life vehicles: Legal 
aspects, national practices and recommendations for future successful approach. The European Parliament’s 
Committee on Environment, Public Health and Food Safety.  
TU Wien. 2010. E 226 Institute for Water Quality, Resource and Waste Management, Waste and 
Resource Management Downloads. TU Wien. [Online] 2010. [Cited December 10, 2010.] 
http://iwr.tuwien.ac.at/resources/downloads/stan.html 
Törn, M., Heiskanen, J. & Laaksonen, J. 2010. Value chain approach to recycling of computer scrap – 
Recycling cost and revenues in the content of WEEE value chain (end-of-life processes). International Forum- 
Competition of Young Researchers. Topical Issues of Rational Use of Natural Resources. April 21st– 23rd, 2010. 
St. Petersburg. 
U.S. Environmental Protection Agency. 2012. Solid Waste and Emergy Response, Recycling and Reuse: End-
of-Life Vehicles and Producers Responsibility. EPA. [Online] 2012. [Cited: June 6, 2012.] 
http://www.epa.gov/oswer/international/factsheets/200811_elv_directive.htm 
Vermeulen, I., Van Caneghem, J., Block, C. B. (Chantal B.), Baeyens, Jan and Vandecasteele, Carlo. 
2011.  Automotive shredder residue (ASR): reviewing its production from end-of-life vehicles (ELVs) and its recycling, energy or 
chemicals’ valorisation. Journal of Hazardous Materials, 190(2011), pp. 8–27.  
 
Data sources: 
TraFi, 2012. Finnish Transport Safety Agency. Statistics. 
AuT, 2011. Finnish Information Centre of Automobile Sector (AuT). Statistics of average car age in car fleet. 
Kuusakoski, 2011. Kuusakoski Oy. Car scrapping test data. 

 

 


