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Introduction 
Vehicles are one of the keys to our rapidly developing world, as over the years it has 

become the primary land transportation of our modern age. New technologies are 

revolutionizing the automotive industry, and innovation gives new meaning to what it means to 

drive. 

As the number of cars on the roads increases, unfortunately, the number of accidents 

also grows. As a result, the researchers performed further developments called advanced driving 

assistance systems. Nowadays, more and more vehicles are equipped with these different 

systems. The main goal of them and making driving easier is to drastically reduce the number 

of accidents on the roads and other car accidents that come with it by helping drivers. These 

systems respond faster than any person to each situation and are constantly alert. They have 

already been introduced today and are currently being installed in various car segments, from 

premium to economic models. Moreover, it is expected to become mandatory in cars soon. Such 

systems include, for example, lane departure warning, automatic parking assist or adaptive 

cruise control. 

With the growth of the automotive industry, the amount of passenger car waste 

generated has also increased. One of the most significant environmental problems of our time 

is collecting generated waste and its proper management. However, thanks to the actions taken 

to benefit our environment, less and less waste are being carried out every year by landfills in 

the European Union. 

Concerning waste vehicles, the EU has drawn up a directive describing the mandatory 

treatment of car waste. The directive also covers material recycling, re-use, energy 

consumption, the treatment of harmful substances to our environment, and waste going to 

landfills. Nevertheless, it does not include any restrictions on the advanced driving assistant 

systems mentioned above. As new technologies will be installed in more and more cars, it is 

worth considering waste management. 

This research addresses three such systems: (1) adaptive cruise control, (2) electronic 

control module, and (3) parking sensor. The analyzes assess the main components of each 

system and their mass balances. The material components of the segments are examined by 

using microscopic equipment. If valuable, economically recoverable materials are found during 

the material composition, it is worthwhile to examine the systems for recycling further. 

Plastic, steel and non-ferrous metals can be found in sizeable blocks and thick layers in 

electronic components. Minor elements like precious metals and rare earths can be found in 
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thin layers, foils and coatings. The critical elements are usually alloy constituents or scattered 

in the raw material. Due to the above-described structure, plastics, steel and non-ferrous metals 

can be mostly recovered by physical separation after comminution. Precious metals and critical 

elements can be mainly liberated and separated by chemical and/or biological processes. [1] 

For additional studies, material size reduction plays a vital role in the adequate detection 

of samples. As a result of the material composition test, it is possible to select a suitable 

comminution device, such as a hammer crusher, jaw crusher, impact crusher, Etc. The 

comminution process is in most cases followed by screening. Depending on the screening 

result, secondary comminution may be required if the material is not exposed correctly. Finally, 

it is necessary to separate the different material parts according to the preferred output by 

selecting a suitable separation device, such as an eddy current separator, an electrodynamic 

separator, Etc. 

The main goal of the research to be carried out during the examination is whether it may 

be economically and environmentally worthwhile to process advanced driving assistant systems 

separately. These systems can come from manufacturing scrap or even damaged or end-of-life 

vehicles. In the latter case, it is worth removing separately from the wrecked cars. Depending 

on the results of the experiments, it is necessary to introduce the possibilities of dismantling the 

systems. The methodology used in the research is shown in Figure 1. 

Figure 1 Methodology of the thesis work 
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1. Literature Review 
1.1 Circular Economy 

A linear economy has long accompanied industrial development. This model is shown 

in Figure 2. As the picture shows, the product is made from finite natural resources and is made 

from primary raw materials that, when sold, become waste after use. Much of this waste ends 

up in landfills or is incinerated, thus losing the material and energy they contain. The model's 

biggest disadvantage is that the amount of non-renewable natural resources available to us is 

constantly decreasing. As a result, and with around 2.5 billion wastes generated annually in 

Europe each year, the European Union has had to take action. [1] 

 

 

Thus, moving towards an economic outlook has become one of the critical objectives of 

EU environmental and economic policy. This model rotates in a closed circle in contrast to the 

linear rotation. It has played an increasingly important role in industrial ecology over the years. 

One of the essential parts is eco-design, also known as eco-design, which means that products 

can be as durable, repairable, reusable and recyclable as possible during their life cycle. In the 

case of its flawless operation on the farm, almost all of the waste generated is recycled, returned 

to industrial production as a secondary raw material, and primary raw materials, whether 

renewable or not, are used only when secondary raw materials are not available. Considering 

these, this model is not a novelty. However, a kind of return to the order of nature, since in 

nature, almost all substances (chemical elements) participate in cycles, and there is no waste: 

the end product of each process is the starting material of another process. [1] 

One of the most common models of the circular economy is shown in Figure 3. This 

concept is still versatile and does not yet have a scientifically approved definition. The figure 

in the picture is the so-called ‘butterfly model’, formulated by the Ellen MacArthur Foundation 

with McKinsey consultants. The model is based on two types of material flows, (1) the right 

Figure 2 Linear economy 

(Source: Wautelet, 2018) 
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side shows the material flow of biological nutrients, which is aimed at rebuilding into the 

biosphere and the construction of natural resources, and (2) the left side shows the material flow 

of technical nutrients, which is aimed at circulating in a closed loop. without entering the 

biosphere. [2] 

 

 

The European Commission has published its proposal for key EU waste legislation, 

which the EU Member States has discussed in the European Parliament and the Council, 

resulting in waste management directives, which were published in the Official Journal of the 

EU on 14 June 2018 and the Member States had until 5 July 2020 to transpose them into national 

law. The directive sets out guidelines for European waste management and confirms the waste 

hierarchy, the order of priority of waste-related activities and waste management operations, 

which the Member States must promote by legal or economic means. [3] 

Figure 4 shows this five-step waste hierarchy adopted by the EU. According to this, the 

most important thing is to prevent the generation of waste, to reduce the amount and 

Figure 3 Circular economy 

(Source: MacArthur) 
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hazardousness of the generated waste. The next best 

solution is to prepare the waste for reuse, followed by 

recycling the waste. This is followed by another 

recovery of the waste, such as energy, and according to 

the waste hierarchy, only waste for which landfills at 

higher levels of the hierarchy are not possible should be 

disposed of by landfill or incineration. 

1.2 Vehicles in the European Union 
Looking around in the 21st century’s car market, it is a considerable choice for buyers. 

The choice is made difficult by having to choose the right vehicle from hundreds of models.  

These vehicles are called passenger cars (PC) for individual passenger transport on public roads. 

[4] 

For simplicity, in 1999, the European Commission divided vehicles into nine main 

categories, covering all vehicle types. The boundaries between the different segments are 

determined by the size/length of the cars. [3] Figure 5 shows the general appearance of the 

different categories of PC. 

 

Figure 5 Passenger car classification illustration 

However, various factors such as price and extra accessories were also considered when 

defining the categories. [3]  In the Table 1, categories are represented in detail and with 

examples. 

Prevention

Reuse

Recycling

Recovery

Disposal

Figure 4 Waste hierarchy 
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Table 1 Vehicle categories 

(Source: European Commission) 

 

Type of vehicles Characteristic Example 

A City cars 

Size: less than 3,7 meters. Has small body, not 

suitable for long trips, Commercial car (reduced 

fuel consumption, easy parking, etc.) 

Fiat 500, 

Opel Adam, 

Peugeot 107 

B Small cars 

Size: 3,7 to 4,1 meters. Similar to city cars, only it 

is larger and technically stronger. Several body 

types (hatchback, sedan, coupe, etc.) 

Renault Clio, 

Seat Ibıza, 

Ford fiesta 

C Medium cars 

Size: 4,1 to 4,7 meters. Mid-range, high-

performance, long-distance small family car. Most 

produced, sold category. 

Volkswagen 

Golf, 

Honda Civic, 

Ford Focus 

D Large cars 
Size: larger than 4,7 meters. Upper middle class, 

high-performance, long-distance large family car. 

BMW 3-

Series, 

Mazda 6 

E Executive cars 

Top class car. High-performance, comfortable and 

fuel consumption is convenient. Price ranges are 

relatively high. 

Audi A6, 

Mercedes CLS 

F Luxury cars 

Biggest sized car. Most of them have a sedan body 

style. Many of the luxury features are placed in the 

backseat. 

Audi 8, 

BMW 7-Series 

S Sport coupes 

Have different sizes. All of them are suitable inside 

outside of the city. Several body types (coupe, 

roadster, etc.) 

Porsche 911, 

Peugeot RCZ, 

Ferrari 

J 

Sport Utility 

Vehicles 

(SUV) 

Terrain sports cars, with a performance of sports 

car, a force of an off-road vehicle. High fuel 

consumption with size small, mid-, large, premium 

SUVs. 

Volkswagen 

Tiguan, 

Mitsubishi 

Outlander 

M 

Multi-Purpose 

Vehicles 

(MPV) 

Biggest sized vehicle. It reached high sales figures 

globally, covers multi-purpose cars, minivans, and 

cargo vans, and has removable rear seating. 

Renault 

Scénic, 

Ford S-Max 
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1.2.1 Produced vehicles 
In the 17th century, Nicolas-Joseph Cugnot built the first steam-powered vehicle, 

resulting in the first steam-powered vehicle to transport people. However, the emergence of the 

automotive industry began in the 1860s and 70s with the development of gasoline engines in 

France and Germany. In the early 1900s, British, Italian, and American manufacturers also 

joined forces. [4] 

Today, hundreds of millions of cars travel on the roads around the world. And that 

number is growing steadily from year to year as the industry has been insured for a long time. 

 The Figure 6 provides information about the number of passenger cars produced in the 

EU27 between 2009 and 2019. Overall, PC production in this period it is clear that compared 

beginning and ending it shows an upward trend throughout the period, but some fluctuations 

can also be found. It is visible that the numbers are found in this period between 12 and 16 

million. According to ACEA data, in these ten years, the most diminutive PC was produced in 

2009, numerically 12,415,794, the most, in 2017, was 14,914,629. However, the number of cars 

produced started decreasing due to the pandemic in 2019. Based on the red linearly fitted trend 

line, it can be seen that although the number of cars produced is fluctuating, overall it shows an 

increasing trend from year to year. 
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Figure 6 EU passenger car production  

(Data source: ACEA - Driving mobility for Europe) 
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 The Figure 7 illustrates 2019 vehicle production in 18 selected EU countries. Overall, 

the produced PCs in 2019 was around 14 million. The production of PCs is the lowest in Finland 

based on these data, with forty times the number of vehicles manufactured in Germany. 

Germany is a leader in the automotive industry. Although Germany is no longer a world leader 

in car production, it still produces a significant number of passenger cars in the EU, as its core 

economy is in the automotive industry. Furthermore, Germany is home to the big brands that 

are still dominant in the automotive industry: Mercedes, Opel, Porsche, BMW, Audi, 

Volkswagen, Ect. In the list Spain is the second-largest country, having half the number of cars 

produced compared to Germany. Only 7 of the 18 countries made more than 1 million PCs in 

2019 and less than half a million in the other 11 countries. New register vehicles 

1.2.2 New registered vehicles 
Due to the growth of car marketing, more cars are registered in the EU every year. 

According to the 2019 data, about 15,5 million vehicles had been registered. More than half of 

the registrations are dominated by the three largest countries: 

Figure 7 Produced vehicles in 2019 by country 

(Data source: European vehicle market statistics) 

0 1 000 000 2 000 000 3 000 000 4 000 000 5 000 000

Germany
Spain

France
Czechia

United Kingdom
UK

Slovakia
Italy

Poland
Hungary
Romania
Portugal
Belgium
Sweden

Slovenia
Austria

Netherlands
Finland

Produced vehicles [pieces]

St
at

es
 o

f 
th

e 
E

ur
op

ea
n 

U
ni

on



 

 9 

1) Germany 23%; 

2) France 16%; 

3) The United Kingdom 11%. [5] 

The Figure 8 shows newly registered vehicles in 2019 by segments in the EU. Starting 

from the pie chart, more than a third of the cars sold were of the J-segment type in this period, 

which are the so-called SUVs. Furthermore, it can be seen that those sales in the F-segment, 

luxury cars, are less than 1%. The three most sold PC are the J-, C-, and B-segments, and if we 

look around on the street, we will meet these types. 

 

1.2.3 Vehicles as waste in the EU 
The amount of waste generated by vehicles is a huge problem worldwide. These end-

of-life vehicles (ELV) prove to be the most critical waste stream in volume and material content. 

Approximately 5-6 million ELV waste is generated annually and is estimated to increase by 

around 45% in the EU25 between 2006 and 2030. The amount of ELVs produced in a country 

is determined by the number of cars in use, their age distribution, and the scrapping age 

7%

19%

24%

5%

2%

0%
2% 36%

5%

A-segment

B-segment

C-segment

D-segment

E-segment

F-segment

S-segment

J-segment
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Figure 8 New registered vehicles in 2019 by segments  

(Data source: European vehicle market statistics) 
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distribution of various different vehicles. Furthermore, the number of ELVs in a country is 

affected by the import and export of used cars. From an environmental point of view, the 

recycling of ELV is encouraged by several factors such as economic and technological aspects. 

[6] 

The treatment and disposal of ELVs have become challenging due to European Policies 

and Strategies and the aims and legislation linked to ELV treatment in many nations. Various 

management methods are currently available, albeit not all of them can meet the new European 

targets outlined in Directive 2000/53/EC. [6] 

We can hear from the news or read in newspapers that the amount of waste generated in 

the EU is growing year by year. This statement cannot be said to be true in case of vehicles, 

since the number of ELV is entirely unpredictable. In 2018, that number reached 6,1 million 

numbers of cars. The Figure 9 shows the ELVs generated between 2008 and 2018. The figure 

clearly shows that the growth is not linear. Much more ELV waste was generated in 2009, and 

subsequently, this number started to decline until 2016, where there was a repeated increase. In 

10 years, almost a 20% increase in the scheme of generated ELV can be observed.  

Unfortunately, there was no available data about ELVs in 2019, but the generated car 

waste could be about 7 million, in my estimation. This number is ten times the produced 

vehicles and nearly half of the newly registered cars. 
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The Figure 10 shows produced and used vehicles in comparison between 2008 and 2018. 

From the chart, it is clear that the new car registrations first decreases and after increases year 

in the decade, while ELV is declining. It can be read that compared to the number of PC, less 

than half of the number of ELV. From this figure, it can be concluded that there are more and 

more car users, resulting in overcrowding on the roads. There are still regulations on 

environmental pollution from cars, for example, in Germany or Austria, but the number of 

ELVs will increase in the near future as a result of the EU's new targets, which apply to all 

countries. 

 

Figure 10 PC and ELV in comparison 

(Data source: ACEA - Driving mobility for Europe) 

 

1.3 Advanced Driver Assistance Systems 

One can learn to drive quickly and easily. However, it can take a long time to master 

driving, resulting in a significant challenge in avoiding an accident / invisible situation. Several 

significant parts of car accidents are caused by drivers' inattention, who sometimes misjudge 

conditions, do not respond adequately to emergencies, or do not follow traffic rules. 
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The automotive industry is a fast-growing and highly competitive sector that has 

developed a system to assist the driver in driving, making the roads safer and more comfortable 

to drive. Thanks to this design, the number of accidents has been significantly reduced. [7] 

For short, the advanced driver system, ADAS, includes several intelligent systems in 

vehicles that help the driver perform different tasks in various ways. Their primary 

responsibilities include communicating with other vehicles to provide various information to 

the driver (e.g., locks, congestion, and avoidance) and the ability to take control of a person 

when assessing any threat (e.g., parking, overtaking). [7] 

A central control unit processes the data during operation, converting it into symbols 

(e.g., warning beeps) or active reactions (e.g., braking intervention). Interventions are usually 

done digitally and in a fraction of a second. The purpose of designing this system is driverless 

driving, i.e., autonomous driving. When using vehicles, they can be switched on and off by the 

driver at any time. [7] 

The Figure 11 shows the available ADAS types, and the technologies used that can be 

found around the vehicle - in the front and rear bumpers, windscreen, rear-view mirrors, doors 

and even badges! Available space and ADAS technologies depend on the make and model of 

the vehicle.  

Figure 11 Available ADAS types and used technologies 

(Source: Mike Hunter – Chip Away (https://www.chipsaway.biz/) 
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Adaptive Cruise Control 

This kind of system can be known as a Distronic sensor, adaptive cruise control (ACC), 

or distance control assistants. The standard cruise control was invented by Ralph Teetor in the 

middle of the 20th century and further developed; it has been found as an ACC since the ‘90s 

in luxury cars due to its high manufacturing costs. By developing the system, its application is 

growing and is now a standard feature of new vehicles. [8] 

ACC is a driver safety assistance system that controls speed by braking and/or 

accelerating to achieve a safe following distance set by the driver. Activating the sensor is easy: 

it can usually be switched on with a button on the wheel and deactivated with another button 

next to it. [8] 

The principle of the operation can be seen on the Figure 12. Once activated, the sensor 

monitors vehicles and objects on the road, giving the vehicle a steady speed at that moment. It 

considers speed limits, accident data, road curvature, and further information that affects the 

car’s driving speed during operation. Using it does not preclude the driver’s attention, as they 

can apply the sudden brake at any time. [8] 

 

Figure 12 Working principle of ACC 

(Source: Sam Naylor - https://www.parkers.co.uk/what-is/acc-adaptive-cruise-control/) 
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Electronic Control Module 

For decades, the electronic control module (ECM), formerly known as an electronic 

control unit, has played a significant role in automotive electronics. One of the earliest attempts 

to create the ECU was made by BMW in 1939. [9] 

The system is in the electronic part of the vehicles and plays a role in controlling electric 

systems/subsystems. ECM performs three main tasks: ignition, injector, and idle power control. 

[10] The on-board electronics of the vehicles consist of several interconnected ECMs, which 

can be divided into three groups: 

a) Operating system – including microcontrollers and programs that control the 

essential functions of vehicles. 

b) Safety system – including all functions aimed at maintaining the controllability of 

the vehicle, preventing an accident, and in the case of unavoidable accident, 

reducing personal injuries, material, and natural damage. 

c) Comfort equipment – including equipment that may be required for the comfort of 

vehicles, such as air-conditioning, electronic windows, various sound -and in some 

cases video systems, or built-in navigation. [9] 

Forward Collision Warning Systems 

Inside the vehicle, an electrical system sends an audible, visual or tactical warning to 

the driver in the event of a collision. They measure the distance, angular direction, and relative 

speed between the vehicle and another vehicle or object. Some systems are integrated with ACC 

so that they can decelerate the vehicle without warning. [11] 

Lane Departure Warning Systems 

A camera is placed in the rearview mirror of the vehicles, which monitors the painting 

indicating the lane. This camera gives an audio-visual signal to the driver as soon as the vehicle 

changes lanes without using a turn signal. This system helps to reduce the number of road 

collisions, as, after an alarm, the driver reacts, avoiding possible accidents. [11] 

Night Vision and Pedestrian Detection 

As more pedestrian accidents at night, research has developed a night vision and 

pedestrian detection system. This sensing system works by using a heat radiation sensor in the 

presence of night lights and a far-infrared sensor. Their operation successfully recognizes 

pedestrians and creatures on the road and distinguishes them from trees and objects. To avoid 

accidents, signal the driver with an audible signal. Automotive companies are continuously 

improving this system and will be more accurate than those already in place. [11] 
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Parking Sensor 

A parking sensor is also a so-called parking assist module. It may seem like a new 

invention, but it has been in use since the 1970s but was initially made to help blind people. 

Further development began in the early 2000s, and by 2003 it was found in the Toyota Prius. 

[12] 

The parking assistant can be the ultrasonic or electromagnetic-based sensor, but most of 

them are based on ultrasound. In operation, the detectors indicate when obstacles are detected 

behind or in front of the vehicle and are hidden from the driver. However, the sensors can only 

help the driver at speeds below 15 km/h. Typically, 4-8 sensor systems are used, depending on 

whether they need to be installed at the back or front. Parking assistants are installed in the 

bumpers. [12] Figure 13 shows while parking as it detect objects in front of and behind the car 

while beeping. 

 

 

Tire Pressure Monitoring Systems 

Tire pressure loss can also lead to many accidents, especially in places like highways, 

highways. There are two types of systems, indirect and direct. Its indirect role is to measure the 

speed and if this number is different from the driver. In contrast, the direct pressure sensors 

measure the actual pressure inside the tire. It also signals to the driver in the event of 

overpressure/underpressure. [12] 

Traffic Sign Recognition System 

Many accidents distract the driver from traffic signs, and this system helps in this. 

Implementation is a pre-installed camera that has a traffic sign recognition system. The system 

not only helps the driver to follow the traffic signs but also to follow the traffic rules. [12] 

 

Figure 13 parking sensor  

(Source: https://mycardoeswhat.org/safety-features/parking-sensors/) 
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1.4 EU Legislation for ADAS 

There are many accidents on EU roads, and the EU has taken the proper steps to reduce 

them. As a result, in 2019, the EU adopted its General Security Regulation (GSR). The 

regulation stipulates that after 2022, only vehicles equipped with at least some of the advanced 

safety systems they define may be manufactured or placed on the EU market, thus increasing 

road safety. [13] 

The regulation also updates the rules set out in the existing General Safety Regulation 

(EC) No 661/2009 and the Pedestrian Safety Regulation (EC) No 78/2009. Thus, according to 

the GSR, all vehicles (passenger cars, trucks, buses, vans, commercial vehicles) must be 

equipped with at least the safety systems listed below: 

• intelligent speed assist, 

• facilitating the installation of alcohol interlocks, 

• driver sleep and alert systems, 

• advanced driver distraction warning systems, 

• emergency stop signals, 

• reversing sensor systems, 

• event recorders, 

• accurate tire pressure monitoring. [13] 

 

1.5 EU Legislation for End-of-life vehicles 

Due to the rapidly declining resources of raw materials and minerals, it was necessary 

to develop a European legislation for each material stream. As a result, in 1997 the European 

Commission adopted a proposal for a directive on the dismantling and recycling of vehicles and 

set clear targets for the recycling of vehicles. As a result, the End-of-Life Vehicles Directive 

has been drafted. It entered European law in the autumn of 2000 and had to be adopted in all 

Member States by spring 2002. The Directive is included in the EU End-of-Life Directive 

2000/53/EC. The directive is the first waste protection directive with which the European 

Commission has introduced the concept of extended producer responsibility [14] 

The regulation basically applies to passenger cars and smaller commercial vehicles. Its 

main goal is to reduce waste from end-of-life vehicles. EU Directive 2000/53 / EC sets a 95% 

end-of-life recycling target (85% material recycling and 10% energy consumption) for vehicles 

and their components, thus encouraging manufacturers. The directive is also a preventive 

measure, which includes manufacturers to restrict certain heavy metals and to take into account 
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the partial re-use and recycling of design. In addition, they must provide at least 85% for 

reusable and/or recyclable vehicles and 95% by weight for reusable and/or recyclable vehicles. 

[15] 

It also regulates, that manufacturers avoid the use of hazardous substances, such as 

mercury and lead, and increase the amount of recycled materials used in production. It also 

mentions the decontamination of certain fluids and certain components and the installation of 

components with coding and / or information. All of this is intended to encourage manufacturers 

to design vehicles for easier recycling. [15] 

The directive also covers the entire life cycle of a vehicle, as well as pre- and post-

treatment operations. In addition to setting its objectives, the directive involves four main 

parties with responsibilities within their own spheres. These are the following: 

• manufacturer 

• the recycling industry 

• the last holder 

• authorities. [15] 

Figure 14 shows the criteria that production vehicles must meet. In addition, 

manufacturing companies must be familiar with the technical and economic facilities of the 

ELV chain and provide disassembly information for recycling and reuse. Manufacturers must 

also pay attention to reducing the use of toxic and/or hazardous substances. [14] 

The dismantling of vehicles is subject to a permit, which is required by the directive. 

During disassembly, recyclable items such as engines, body parts are taken out and resold. 

Great attention should also be paid to environmentally harmful substances, such as when 

removing liquids, oils or batteries. Their formulation is part of the pre-shredding process. Small 

parts are also disassembled during comminution; the ferrous and non-ferrous metals are 

removed from each other and returned to the manufacturers. After strict inspection, combustible 

parts are mainly disposed of in cement factories, while the remaining sinks are placed in 

landfills. [14] 
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The EU End-of-Life Directive 2000/53 / EC does not deal with advanced driving 

assistance systems treatment. Although it has been explained that the smaller parts are 

recycled/reused, none of the ADAS is mentioned. In order to ensure that processing with the 

systems actually take place, more detailed processing of an ELV facility needs to be 

investigated. 

 

1.6 International Dismantling Information System 

The automotive industry has introduced a new type of system, the international 

dismantling information system, or IDIS 2, which aims to help automobile mechanics manage 

end-of-life vehicles in an environmentally friendly way, both safely and economically. The 

system also includes vehicle pre-treatment as well as disassembly information. [16] 

Figure 14 Major Steps for ELV Recycling according to EU directive 

(Source: Kanari, Pineau & Shallari) 
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The system was developed in the 1990s to make it easier to comply with legal 

requirements. Its development and operation required the involvement of manufacturers. 

Twenty-six manufacturers from all over the world (Europe, USA, Japan, China, Korea, 

Malaysia, India) helped developers with their data. As a result, 84 brands are available. The 

data systems are updated several times a year to gather additional information about new models 

or changes to existing models. IDIS 2 information is available in the main 31 languages of the 

world and in 40 countries worldwide. [16] 

 

1.7 ELV waste processing 

PCs are the most significant waste stream in the automotive industry. ELV is a 

significant source of raw materials such as iron, non-ferrous metals, plastics, rubber, glass, and 

components. Due to the availability of resources, the rapidly growing trend of vehicle 

production shows a great interest in the management of commercial vehicles. [17] 

PCs are becoming recyclable products, as the most used component in automotive 

manufacturing is steel, which makes up about 80% of vehicles. The second most common 

material is 5.8-10%, which are polymers. Nevertheless, the structure of each vehicle is very 

complex. The ELVs also contain a significant amount of hazardous waste that cannot be reused 

as the law requires. Such hazardous waste includes: 

- Airbag 

- Brake 

- Fluids (brake fluid, coolant, engine 

oil) 

- Catalyst 

- Oil filter. [17] 

However, in addition to hazardous waste, they contain components that can be recycled, 

such as: 

- Engine 

- Gearbox 

- Generator 

 

- Starter 

- Tire 

- Glass. [17] 

Each waste is subdivided according to composition and component type, but the 

provisions of waste management laws must be observed, as they must comply with them. As 

the ELVs use strategies similar to the circular economy, the waste management hierarchy, i.e., 

zero waste, must be met. [17] 
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Thus, according to the abovementioned hierarchy, the scheme of ELV waste 

management options, shown in Figure 15, has been developed. Table 2. shows the explanation 

for the figure. [17] 

 

Table 2 ELV waste treatment options 

Level Description 

ELV end of life vehicle 

Disposal 
incineration or landfill and were therefore not considered a preferred 

waste treatment option 

Recovery recovering energy from waste 

Energy recovery all possible energy recovery 

Recycling materials and products useful for applications 

Material recycling 
means the processing of waste in a production process in order to 

remove materials from their potential use 

Product recycling using the products to make new ones 

Reuse 
the product is used as a primary function, including a secondary 

application 

Repair 
restore the technical parameters of the parts for the functionality of the 

product without disassembling the whole part as after production 

Remanufacture 
the functionality of the product returns to near or the same level as your 

new product 

 

Figure 15 ELV waste treatment options 

(Source: Kosacka-Olejnik) 
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2 Aims and objectives 
The amount of car waste has increased significantly in recent years, but some elements 

are not dealt with separately in their treatment. During waste processing, several materials enter 

the waste stream from which even valuable materials could be recovered. It is also important to 

mention that their improper handling can be harmful to the environment. 

During the research, I dealt with adaptive cruise controls, electronic control modules, 

and parking sensors. In order to handle it efficiently and effectively, more experiments needed 

to be made to achieve the extraction of suitable materials. In the course of the research, ACC 

and ECM were subjected to fundamental analyzes and processing processes, respectively: 

[1].  Define main parts after disassembly 

[2].  The material composition of parts 

[3].  Comminution test 

[4].  Classification to separate the different material 

[5].  Performance of an appropriate flowchart  
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3 Material, equipment, and methods 
3.1 Material 

During the research, studies were performed with three different types of advanced 

driving assistance systems. The samples were ensured by a partner of University Miskolc, Auto 

Mandy Car Ltd. (Budapest). 

Figure 16 shows the ACC pattern in the form of four side images. Information is 

provided on manufacture and type, which is placed on the back of a piece of white paper. From 

this information, we will disclose the following, among others: 

- Superseded Part Number – 39R11583 

- Manufacturer Part Number – 

 A 000 905 30 11 

- Manufacturer Part Number - Hungary 

- HW/SW date - 18/29 

- …etc. 

 

 

 

 

 

Figure 17 shows the ECM pattern in the form of four side images. Information is 

provided on manufacture and type, which is placed on the back of a piece of white paper. From 

this information, we will disclose the following, among others: 

- Manufacturer Part Number – 

 A 167 905 02 00 

- HW – 16/44.00 

- SW – 17/11.00   

- IEE – 01-005973-04-10 

- LDF –KG_STAR_2.3_2016_2014_05a 

- …etc. 

 

Figure 16 Radar/Distronic Plus sensor 

Figure 17 Electronic control module 
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Figure 18 shows the PS pattern in the form of four side images. Information is provided 

on manufacture and type, which is placed on the back of a piece of white paper. From this 

information, we will disclose the following, among others: 

- Manufacturer Part Number –  

A 000 905 55 04 

- …etc. 

 

 

 

 

 

 

 

 

 

These three samples main properties are listed in Table 3. 

 

Table 3 Specifications of the research materials 

 Specifications 

Name Manufacturer 
Manufacturer Part 

Number 

Approximately mass 

(Whole product) 

[g] 

Adaptive Cruise 

Controller 
Robert Bosch A 000 905 30 11 182,68 

Electronic 

Control 
Robert Bosch A 167 905 02 00 50,20 

Parking Sensor 
Valeo Siemens 

eAutomotive 
A 000 905 55 04 16,71 

 

  

Figure 18 Parking sensor 
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3.2 Equipment and methods 

3.2.1 Mass balance of sample components  
As a first step, before the samples are subjected to any physical process, they must be 

disassembled to separate and know the different parts. After examining the ACC and ECM 

samples, the simplest method was manual disassembly by using a screwdriver. In the case of 

PS, it was vice, but since the sample was assembled and the materials inside were bonded with 

a strong adhesive, its exploration proved unsuccessful. After each part was sufficiently 

separated, the parts were measured by using digital scales. 

3.2.2 Material composition of parts 
After disassembly of the components, the testing of the PCBs could be performed in 

two ways. For both studies, the material composition was examined. 

X-ray Fluorescence 

 X-ray Fluorescence for short XRF. The equipment used for the analysis is shown in 

Figure 20. The XRF analytical method is used to determine the elemental composition of 

substances. An X-ray portion of the XRF was placed at a point on the selected material during 

the measurement. After completing the test process, the result appeared on the device's display. 

The measurements were performed in order to know the composition of the different separated 

materials.  

 

Figure 20 XRF 
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Scanning Electron Microscope 

 A scan electron microscope abbreviated SEM. The equipment used for the analysis was 

the Phenomen ProX Desktop SEM shown in Figure 21. The measurement required flat surface 

specimens smaller than 10 mm, which were cut out from the PCBs. These specimens were fixed 

to a circular pin and placed in the SEM analysis chamber. During the measurement, it was 

necessary to select the points at which the studies were performed. The requirements for the 

research were to find materials that could be recovered both economically and environmentally.  

 

3.2.3 Comminution test  
Impact crusher 

The choice of equipment for crushing the ACC and ECM samples had to consider the 

material composition, that the components would fall sufficiently into pieces during breakage, 

and that the PCBs would not be damaged. In experimentation, the first choice fell on the impact 

crusher. The equipment was operated at different circumferential velocity during the breakage 

experiments. Dispatch was aided by a cellular feeder.  

In the samples, upon arrival in the crusher, they came into contact with moving parts of 

a rotor, which generated tension and, as a result, fracture began in them. The so-called blow 

bars then threw the samples onto the crusher plates, causing further fractures in them by the 

impact stress. Eventually, the sample leaving the equipment arrived in a bowl. The equipment 

Figure 21 SEM 
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that was used is shown in Figure 22. The breaker appeared to be sufficient, so no further 

breakage attempts were required. 

 

 

Hammer crusher 

 The PSs were much smaller or less rigid material; the samples were sent to a hammer 

crusher. After feeding, the samples encountered articulated percussion devices of a rapidly 

rotating rotor. These percussion devices shredded the samples by hitting the sheet steel wall of 

the housing. The material left the machine when it reached the size of the sieve placed in it. The 

breaker that was used is shown in the Figure 23. 

Figure 22 Impact crusher 

Figure 23 Hammer crusher 
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3.2.4 Separation Process  
For ACC and ECM, they were subjected to further separation experiments after 

comminution. PS further studies were not necessary as they do not contain any economically 

recoverable valuable material. The purpose of the separation process was to separate the various 

materials of the samples, most notably the PCBs, from the other materials. 

Screening 

The after crushing process in most cases involves screening. Thus, the ACC and ECM 

materials coming out of the crushers were sieved by predetermined fractures. With the start of 

the screening experiments, I paid close attention to the separation of the individual components. 

The main goal was to separate the PCB and ALU case (in ACC) from the other materials. The 

materials obtained from their comminution were measured and selected for fractions with a 

square sieve of different sizes in Table 4: 

 

Table 4 Used sieve sizes 

 Size of selected sieves (mm) 

ACC 56 45 31,5 16 8 

ECM 31,5 16 8   

 

Magnetic drum separator 

In the case of ACC, both the PCBs and the smaller parts contained magnetic solid 

metals. The use of a magnetic drum is the most practical choice for separating magnetic metals 

from others, which can be seen on Figure 24. These drums are usually 

placed on a conveyor belt. The magnetic drum consists of an inner 

rotating mantle and a magnetic core (1) with a strong magnet. The 

magnets allow the separation of the magnetic materials by inducing 

an appropriate magnetic field on the surface of the drum. There is also 

a demagnetizer on the surface of the drum, as a result of which the 

magnetic materials are detached from the drum. As a result of the 

separation device, two types of products are obtained: strongly 

magnetic material (2) and less or non-magnetic material (3). 

  

1 

3 2 

Figure 24 Magnetic drum separator 
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Eddy current separators 

In order to separate the PCBs, it can also be done by using an eddy current separator 

(ECS). The ECS performed during the experiments is shown in Figure 25. These kinds of 

separators are widely used sorting equipment. The ECS is a dual-belt conveyor system, and the 

right-hand side features a separate, rotating, high-speed magnetic rotor. The device is based on 

the phenomenon that the Lorentz force pushes the charge into a field in a magnetically induced 

space in a conductor moving at a given speed. The magnetic field of the generated eddy current 

has the exact opposite effect to the magnetic field that creates it, causing the guide piece to 

move (deflect) perpendicular to the plane defined by the magnetic field and velocity. All this 

does not affect the movement of the particles and pieces of the non-conductive material, so the 

PCB has been separated from the other materials. Separations were made by varying belt speed 

and rotor speed. Table 5 shows the rotor speed and belt speed associated with the Hz. 

 

Table 5 ECS specification 

f [Hz] 30 35 40 45 50 

Belt speed 

v [m/s] 0,72 0,84 0,96 1,08 1,20 

Rotor speed 

v [ford/min] 1500 1750 2000 2250 2500 

Figure 25 Eddy current separator 
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NIR Optical separator 

Optical separators are also commonly referred to as near-infrared, hence NIR for short. 

The sorting equipment sorts the materials arriving on the conveyor by size, material or colour. 

Separation is made possible by the reflection following the discharge of the infrared. At the 

base of the analysed data, a command is given to the jet row, which “shoots” the selected pieces 

at the end of the belt from the row using compressed air. I was not able to satisfy tests with this 

equipment. However, the 8th International Multidisciplinary Symposium, where the University 

of Miskolc conducted several experiments for such studies, maybe a purposeful separation 

process to separate PCBs from the waste stream. 

 

Electrodynamic separator 

The separation is based on differences in magnetic properties and/or electrical 

conductivity. The advantage is that the individual components can be effectively separated 

under dry conditions, avoiding compaction, dewatering, hydro transport, or additional drying 

operations. Samples are fed to the coronal zone, where they are negatively charged and led to 

the surface of the drum. Low-resistance particles are positively charged by throwing them into 

an electric force. In contrast, 

strongly conductive particles 

retain their charge in the 

coronal zone, adhering to the 

drum and then falling off or 

scraped off with a brush. The 

structure and scheme of the 

separator are shown in Figure 

26. [18] 

  

Figure 26 Electrodynamic separator 

(Source: Mikołaj, Syrek & Agnieszka) 
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4 Results and discussion 
4.1 Mass balance and material composition of the components  

Figure 27 shows the ACC, and Figure 28 show the ECM sample after disassembly. In 

both cases, their weights were measured after the samples were mounted on the pieces. Pieces 

5 and 6 of the ACC were subjected to XRF testing. Furthermore, for both samples, individual 

pieces of PCBs were examined using SEM equipment. Table 6 shows these characteristics of 

ACC, and Table 7 shows the ECM. 

 

  

Figure 27 Radar/Distronic Plus sensor in pieces 

1 2 3 

4 5 6 

Figure 28 Electronic control module in pieces 

1 2 

3 4 
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Table 6 Characteristics of ACC 

Number 
Name of 

components 

Numbers of 

components 

[pieces] 

Mass of 

component 

[g] 

Mass 

balance of 

components 

[%] 

Type of the 

material 

1. PCB 2 15,35 7,43 
Mixed 

2. PCB 2 20,54 9,95 

3. Plastic case 2 18,73 9,07 
PEI GF20 

PC+C 

4. Plastic case 2 35,21 17,05 BT GF30 

5. ALU case 1 107,89 52,24 

Al 

LE 

Si 

69,87 

17,32 

11,02 

6. 
Connecting 

units 
4 8,80 4,26 

Fe 

Cr 

61,5 

13,69 

Total 206,52 100   

 

 

Table 7 Characteristics of ECM 

Number 
Name of 

components 

Numbers of 

components 

[pieces] 

Mass of 

component 

[g] 

Mass 

balance of 

components 

[%] 

Type of the 

material 

1. Switch unit 1 9,66 24,07 BT-GF30 

2. = 3. Plastic case 1 21,54 53,68 BT-GF30 

4. PCB 1 8,93 22,25 Mixed 

Total 40,13 100   
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Table 8 shows the results of the SEM test for some parts of the PBCs from the ACC and 

ECM. A more detailed result of the device can be seen in APPENDIX 1. 

 
Table 8 Weight concentration of two parts' component 

Number 
Type of the 

element 

Weight 

concentration of 

component 

[Wt%] 

1. – 2. 
Au 

C 

95,59 

3,00 

4. 

Au 

Hf 

C 

94,84 

3,08 

1,56 

 
 

4.2 Comminution results 
The purpose of the crushing process was to separate the main parts of the samples into 

pieces. To this end, the impact crusher appeared to be the best option for both samples. The 

success of the crushing was evident in the fact that the parts separated from each other. 

However, several smaller particles were formed, which could even be valuable pieces shattered 

from the PCB. In the case of both ACC and ECM, the fracture experiments were performed at 

several frequencies. Table 9 shows the rotor velocity for the three different equipment operated 

on frequencies. 
 

Table 9 Rotor velocities at used frequencies 

f [Hz] 35 45 55 

v [m/s] 30,03 38,61 47,19 
 

ACC 

Depending on the results, it was most effective for operation at 30 m/s. The ACC particle 

size distribution and the material composition of the different fractions are shown in Table 10. 

When determining the screen sizes, my goal was to separate the parts of different materials. In 

the first step, I selected the ALU array separately, and then the PCBs also fell into a fraction. 

Nevertheless, materials with fractions less than 4 mm also included plastic, metal, and smaller 
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materials detached from PCBs, such as pins. Figure 29 shows a diagram of the particle size 

distribution. Images depicting different particle size fractions were presented in APPENDIX 2. 

 

Table 10 Particle size distribution diagram of ACC 

No. 
xi 

[mm] 

xi+1 

[mm] 

Mass 

of size 

[g] 

Mass 

fraction 

[%] 

Cumulative 

undersize 

[%] 

PCB 

[g] 

Plastic 

[g] 

Ferrous 

[g] 

ALU 

[g] 

1. 0 4 18,54 3,38 3,38  14,04 4,5  

2. 4 8 8,12 1,48 4,86  8,12   

3. 8 16 47,79 8,72 13,59  26,31 21,48  

4. 16 31,5 29,81 5,44 19,02  27,20 2,61  

5. 31,5 45 113,17 20,65 39,68 80,09 33,08   

6. 45 56 47,50 8,67 48,34  47,50   

7. 56 60 283,09 51,66 100,00    283,09 

 Total 548,02 100 [%] 14,61 28,51 5,22 51,66 

 

 

Figure 29 Graph particle size distribution diagram of ACC after comminution 
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ECM 

After disassembling the ECM, it was clear that the goal was also to separate the PCBs 

and the plastic case holding them individually. An impact crusher operating at 30 m/s was also 

the most suitable for this sample, as it sufficiently exposed the sample without damaging the 

PCBs too much. As with the other sample, the fracture process was followed by screening. The 

ECM particle size distribution and the material composition of the different fractions are shown 

in Table 11, and the corresponding pictures are shown in APPENDIX 3. Figure 30 shows a 

diagram of the particle size distribution. 

Table 11 Particle size distribution diagram of ECM 

 

 

No. 
xi 

[mm] 

xi+1 

[mm] 

Mass 

of size 

[g] 

Mass 

fraction 

[%] 

Cumulative 

undersize 

[%] 

PCB 

[g] 

Plastic 

[g] 

Ferrous 

material 

[g] 

1. 0 4 20,52 12,04 12,04  18,67 1,85 

2. 4 8 10,27 6,02 18,06  10,27  

3. 8 16 20,16 11,82 29,88  20,16  

4. 16 31,5 20,78 12,19 42,07  20,78  

5. 31,5 45 98,77 57,93 100,00 54,71 44,06  

 Total 170,5 100,00 [%] 32,09 66,83 1,08 
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Figure 30 Graph particle size distribution diagram of ECM after comminution 
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4.3 Separation results 

ACC 

Separation with a sieve was followed by an examination of each of their fractions. 

Products in the Table 9 at number 1., 3., 4., and PCBs at 5. showed properties of valuable 

material. Primarily in both fractions, the ECS was used to separate the valuable material. As 

limited samples were available (3x2 pieces), the materials were tested with repeated feeds to 

virtually increase the amount of sample material from an engineering point of view due to more 

robust, close estimates. The results obtained on the ECS are shown in Table 12. It can be seen 

from the table that neither the change of rotor speed nor the speed of the belt can affect the 

accuracy of PCB separation. Thus, further studies were needed. 

 

Table 12 Results of ACC's PCB on Eddy current separator 

No. 
Belt velocity 

[Hz] 

Rotor 

velocity 

[Hz] 

Repeated 

feeds 

[times] 

Successfully 

separated 

PCB 

[times] 

Unsuccessfully 

separated PCB 

[times] 

1. 30 35 5 22 8 

2. 30 40 5 23 7 

3. 30 45 5 22 8 

4. 35 50 5 23 7 

 

 

Both fractions showed a vital sign of magnetism, so further tests were performed with 

products in Table 9 number 1., 3., 4. not only with the PCB. These two fractions, separately, 

were sent to the overhead belt magnetic separator. However, not even the most diminutive 

adjustable height of the magnet proved to be suitable for separating the magnetic materials. As 

a result, magnetic materials were separated using the neodymium magnet because a magnetic 

drum separator was unavailable. For products in Table 9 number 1., 3., 4., valuable materials 

were successfully separated from the plastic and were therefore no longer addressed. ACC has 

two types of PCBs, and one proved to be magnetic while the other formed a product along with 

the plastic. Therefore, the product with PCB and plastic were repeatedly fed to the ECS test to 

ensure that the equipment was used successfully by removing magnetic materials. The 
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experiment is shown in Table 13. The experiment concluded that in the absence of a highly 

magnetic PCB, the less magnetic material is perfectly separated from the plastic. 

 

Table 13 Results of ACC's non-ferrous PCB on ECS 

No. 
Belt velocity 

[Hz] 

Rotor 

velocity 

[Hz] 

Repeated 

feeds 

[times] 

Successfully 

separated 

PCB 

[times] 

Unsuccessfully 

separated PCB 

[times] 

1. 40 35 6 12 3 

2. 40 40 6 14 1 

3. 40 45 6 15 0 

 

The diagram in Figure 31 shows the percentage of PCBs successfully or unsuccessfully 

detached as a function of rotor speed. Even just in the table, it can be seen here that as soon as 

the rotor speed reaches 45 Hz, the separation is seen as perfect, as each of the PCBs is separated 

from the plastic. 

 

The entire examination of process can be seen in Figure 32. 

Figure 31 Graph of ACC's PBC on ECS 
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ECM 

Separation with a sieve was followed by an examination of each of their fractions. Any 

products except the once in Table 10 number 5. did not contain any valuable material, only 

fractures of plastic and other materials. The PCBs fell into the 31.5 and 45 mm fractions, but 

together with the plastics. Primarily, the magnetism of the PCBs was tested using a neodymium 

Figure 32 ACC test flowchart 
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magnet, and the result was negative. Thus, the choice fell on the ECS. As few sample materials 

were available (4 pieces), the material was tested with repeated feeds to virtually increase the 

amount of sample material from an engineering point of view due to more substantial, near-

term estimates. The results obtained on the ECS are shown in Table 14. It is clear from the table 

that reducing the pole motor leads to deteriorating separation. However, for the result marked 

in green, it appears that with zero error, the separation result was perfect. 

 

Table 14 Results of ECM's PCB on ECS 

No. 
Belt velocity 

[Hz] 

Rotor 

velocity 

[Hz] 

Repeated 

feeds 

[times] 

Successfully 

separated 

PCB 

[times] 

Unsuccessfully 

separated PCB 

[times] 

1. 40 30 5 14 6 

2. 40 35 5 17 3 

3. 40 40 5 16 4 

4. 40 45 5 18 2 

5. 40 50 5 20 0 

 

The diagram in Figure 33 shows the percentage of PCBs successfully or unsuccessfully 

detached as a function of rotor speed. Even just in the table, it can be seen here that as soon as 

the rotor speed reaches 50 Hz, the separation is seen as perfect, as each of the PCBs is separated 

from the plastic.  
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Figure 33 Graph of ACC's PBC on Eddy current separator 
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The entire separation process in the experiment can be seen in Figure 34. 

 

4.4 Suggestion of technology for ACC, ECM  
As a result of the comminution and separation tests, I conducted, low-cost, easy-to-use 

processes are presented. The primary purpose of each technology proposal was to separate the 

PCBs from others. Furthermore, I suggest developing several alternative technologies for both, 

which I have not had the opportunity to test in the absence of equipment. For each flowchart, 

the products marked in green and blue are those in which gold or silver, respectively, can be 

enriched. Furthermore, for fractions smaller than 8 mm, valuable materials may occur after 

separation. 

Figure 34 ECM test flowchart 
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4.4.1 Technology designed for ACC 
In each case, the ACC is crushed by an impact crusher as the crusher was able to break 

the samples into their components in all cases based on the tests. In these cases, the ACC is 

divided into four products, which can be passed on to the appropriate recyclable facilities: 

[1]. PCB board - PRIMARY PRODUCT 

[2]. ALU case- Metal recycling facility - SECONDARY PRODUCT 

[3]. Magnetic Iron Recycling Facility - SECONDARY PRODUCT 

[4]. Plastic - Plastic recycling facility - SECONDARY PRODUCT 

In both situations (Figure 35, Figure 36), it is necessary to use a sieve to form four 

fractions: 

• 0 < x < 8 - Plastic, magnetic material 

• 8 < x < 31.5 - Plastic, magnetic material 

• 31.5 < x < 56 - PCB, plastic material 

• 56 < x < 61 - ALU case 

Once the separation has taken place, the ALU case can be passed on to the appropriate 

recycling facilities. As a result, it is possible to develop two technological processes with these 

products: 

Option 1 

Three product-designed eddy current separators are suitable for separating the PCB from 

the plastic as well as the magnetic product from the plastic. The technology is shown in Figure 

35. Table 15 shows the final products by fractions: 

 

Table 15 Final products by fractions 

 31,5 mm < x < 56 mm 0 mm < x < 31,5 mm 

Nonferrous 

metal 
PCBs without magnetism properties 

Non-ferrous metallic 

material 

Non-metallic 

material 
Plastic Plastic 

Ferrous metal Strong magnetic PCB, ferrous material Ferrous material 
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Option 2 

After screening, both fractions are sent to a magnetic drum separator, which separates 

the products with magnetic properties and the magnetic solid PCBs, respectively. Subsequently, 

what dropped after the 31.5 and 56 mm are sent to the ECS, separating the less magnetic PCBs 

from the plastic. This technology is shown in Figure 36. 

 

 

Figure 35 Option 1 flowchart for ACC processing technology 
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Process for smaller than 8 mm for option 1,2 

For both options, fractions smaller than 8 mm must be treated separately, as these 

fractions contain additional valuable materials that neither the ECS nor the magnetic drum are 

suitable for separating due to their size. The most suitable equipment for separating small 

fractions is the electrodynamic separator, which is capable of separating magnetic, conductive 

and plastic. 

 

Alternative option for ACC 

Since the main goal is to separate the PCBs separately from the other materials, the 

fraction coming out of the crusher is fed on a NIR Optical Sorter, separating the PCBs from the 

other fragments by shape. The disadvantage of this is that only the primary materials can be 

extracted, while the ALU case, the magnetic properties and the plastic products form one 

product. The technology is shown in Figure 37. 

Figure 36 Option 2 flowchart for ACC processing technology 
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4.4.2 Technology designed for ECM 
Firstly, a crusher is required, where the chosen comminution equipment is the impact 

crusher, as the crusher was sufficiently separated the components during testing. The crushing 

process is followed by an eddy current separator that separates the PCBs from the plastic. The 

technology created for this is shown in the Figure 38. In the case of ECM, two products are 

created (1) PCB, and (2) plastic. 

 

 

 

 

 

 

 

Figure 37 Alternative option for ACC processing technology 

Figure 38 Option flowchart for ECM processing technology 
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Alternative option for ECM 

Since the main goal is to separate the PCBs separately from the other materials, the 

fraction coming out from comminution is fed on a NIR Optical Sorter, separating the PCBs 

from the other fragments by shape. In the case of the ECM, the two products (PCB, plastic) stay 

without any disadvantage. The technology is shown in Figure 39.  

Figure 39 Alternative option for ECM processing technology 
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5 Conclusion 
During the research, three advanced driving systems samples were tested. In all three 

cases, it was necessary to explore each sample to find out what it contained. After their 

experiment, it was found that there were four recoverable materials for ACC, two for ECM, and 

no recoverable materials for PC. 

Studies with ACC have shown that the approximate fractions recoverable from the 

material stream are (1) plastic - 25 w%, (2) PCB – 16 w%, (3) ALU case - 51 w%, and (4) Fe 

metals - 8 w%. Examination of the material composition of the samples revealed the precious 

metal content (gold - Au) on the surface of each measurement point of the PCB. The 

comminution equipment used was the impact crusher, which successfully separated the 

individual components of the sample from each other. The damage caused to the PCB during 

the fracture was negligible, so the established speed became 35 m/s. Post-comminution 

screening classified each material into three sieve fractions (1) less than 31.5 mm of plastic and 

magnetic materials, (2) 31.5-56 mm of PCB and plastic, and finally (3) those more significant 

than 56 mm are the ALU case. Based on this, three options were mentioned for the separability 

of each component. Under Option 1 (Figure 35) and Option 2 (Figure 36) 4 four primary 

materials can be extracted, mentioned above. In the case of option 1, the design of the three-

product Eddy current separator is considered rare. In contrast, the sequential alignment of the 

magnetic drum and the Eddy current separator is more common. An alternative option (Figure 

37) was also considered during the research, according to which the use of a NIR Optical 

Separator is also suitable for the separation of PCBs. However, in this case, only one material 

could be extracted from the waste stream. 

In the research with ECM, the approximate fractions recoverable from the material 

stream form two groups, (1) PCB - 32 w% and (2) plastic - 68 w%. In this case, too, the material 

composition test revealed the precious metal content (gold - Au) on the surface of each 

measuring point of the PCB. The comminution equipment used was the impact crusher, which 

successfully separated the individual components of the sample from each other. The damage 

caused to the PCB during the fracture was negligible, so the established speed became 30 m/s. 

Post-comminution screening classified each material into two sieve fractions (1) fractions 

smaller than 31.5 mm from plastic and PCB and (2) fractions larger than 31.5 mm from plastic. 

Two options for PCB separation can be successfully achieved. Option 1 (Figure 38) separates 

the breakage and screening from the plastic by an Eddy current separator. In contrast, in 
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alternative option (Figure 39), the PCB is separated from the plastic using a NIR optical 

separator. In both cases, the two end products mentioned above will be formed. 

In both experiments, the separation of PCBs from other materials was successful. 

However, increasing the number of samples used for the experiments is still necessary to obtain 

a more accurate value. As well as to determine the exact gold, silver and other components, the 

samples were sent for further analysis. In conclusion, whether manual removal of these control 

systems from vehicles is economically feasible requires further composition analysis, which 

goes beyond the scope of this study. 

So, in summary, the experiment presents a simplified, inexpensive, and easy-to-use 

version for disassembling an ACC and ECM. The process is similar to a typical 

mechanical/physical process. The first procedure is comminution using an impact crusher. The 

materials coming out of the crusher go through screening. During separation, each fraction 

passes through one or two separators. In both processes, each of its final outputs, the PCB is 

successfully separated from the other materials, which must be sent to additional recycling 

facilities to recover the valuable materials sufficiently.  
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APPENDIX 1 

 

Element 

Number 

Element 

Symbol 

Element 

Name 

Atomic 

Conc. 

Weight 

Conc. 

79 Au Gold 62.50 95.59 

6 C Carbon 32.21 3.00 

28 Ni Nickel 2.27 1.03 

8 O Oxygen 3.02 0.38 

     
 

  FOV: 2.63 mm, Mode: 5kV - Image, Detector: BSD Full, Time: APR 21 2021 11:45 
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Element 

Number 

Element 

Symbol 

Element 

Name 

Atomic 

Conc. 

Weight 

Conc. 

79 Au Gold 75.50 94.84 

72 Hf Hafnium 2.71 3.08 

6 C Carbon 20.43 1.56 

28 Ni Nickel 1.36 0.51 

     
 

  FOV: 2.56 mm, Mode: 5kV - Image, Detector: BSD Full, Time: APR 21 2021 12:14 

 

 

Disabled elements: Ir, Lu, Mo, P, Pt, Rb, Y, Zr 
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APPENDIX 2 
This APPENDIX shows the images for the fractions in Table 10 for a sample. 

 

Number Picture 

1 

 

 

 
 

2 
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3 

 

4 
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5 

  

6 
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APPENDIX 3 
This APPENDIX shows the images for the fractions in Table 11 for a sample except for 

the fractions that are smaller than 4 mm. 
 

Number Picture 

1 

 
 

2 
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3 

 

4 

 

 


