
 

 

 

 

 

 

 

 

 

 

 

 

Material composition trends in vehicles: 
critical raw materials and other relevant 
metals 

Preparing a dataset on 
secondary raw materials for 
the Raw Materials 
Information System 
 

Amund N. Løvik, Charles Marmy, Maria 
Ljunggren, Duncan Kushnir, Jaco Huisman, Silvia 
Bobba, Thibaut Maury, Theodor Ciuta, Elisa 
Garbossa, Fabrice Mathieux, Patrick Wäger 

2021 

EUR 30916 EN  



 

 

This publication is a Technical report by the Joint Research Centre (JRC), the European Commission’s science and knowledge service. It 

aims to provide evidence-based scientific support to the European policymaking process. The scientific output expressed does not imply a 
policy position of the European Commission. Neither the European Commission nor any person acting on behalf of the Commission is 
responsible for the use that might be made of this publication. For information on the methodology and quality underlying the data used 

in this publication for which the source is neither Eurostat nor other Commission services, users should contact the referenced source. The 
designations employed and the presentation of material on the maps do not imply the expression of any opinion whatsoever on the part 
of the European Union concerning the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation 

of its frontiers or boundaries. 
 
Contact information 

Name: Fabrice Mathieux 
Address: Joint Research Centre 
Directorate D – Sustainable Resources 

Unit D3 – Land Resources 
Via E. Fermi 2749, Building 100, TP 122, I-21027 Ispra (VA) - Italy 
Email: Fabrice.MATHIEUX@ec.europa.eu 

Tel.: +39 0332 78 92 38 
 
EU Science Hub 

https://ec.europa.eu/jrc 
 
 

JRC126564 
 
EUR 30916 EN  

 

PDF ISBN 978-92-76-45213-3 ISSN 1831-9424 doi:10.2760/351825 

 
Luxembourg: Publications Office of the European Union, 2021 

 
© European Union 2021 
 

 
 
 

 
 
The reuse policy of the European Commission is implemented by the Commission Decision 2011/833/EU of 12 December 2011 on the 

reuse of Commission documents (OJ L 330, 14.12.2011, p. 39). Except otherwise noted, the reuse of this document is authorised under 
the Creative Commons Attribution 4.0 International (CC BY 4.0) licence (https://creativecommons.org/licenses/by/4.0/). This means that 
reuse is allowed provided appropriate credit is given and any changes are indicated. For any use or reproduction of photos or other 

material that is not owned by the EU, permission must be sought directly from the copyright holders. 
 
All content © European Union, 2021, except: picture on cover page, © Charles Marmy, 2021. 

 
How to cite this report: Amund N. Løvik, Charles Marmy, Maria Ljunggren, Duncan Kushnir, Jaco Huisman, Silvia Bobba, Thibaut Maury, 
Theodor Ciuta, Elisa Garbossa, Fabrice Mathieux, Patrick Wäger, Material composition trends in vehicles: critical raw materials and other 

relevant metals. Preparing a dataset on secondary raw materials for the Raw Materials Information System, EUR 30916 EN, Publications 
Office of the European Union, Luxembourg, 2021, ISBN 978-92-76-45213-3, doi:10.2760/351825, JRC126564. 

https://creativecommons.org/licenses/by/4.0/


 

i 

Contents 

Acknowledgements .......................................................................................................................................................................................................................................... 1 

Abstract ....................................................................................................................................................................................................................................................................... 2 

1 Introduction..................................................................................................................................................................................................................................................... 3 

2 Approach and data sources............................................................................................................................................................................................................. 5 

2.1 General approach ........................................................................................................................................................................................................................ 5 

2.1.1 Vehicle keys .................................................................................................................................................................................................................... 5 

2.1.2 Parameters to quantify ....................................................................................................................................................................................... 5 

2.1.3 Selection of materials, components and elements .................................................................................................................. 6 

2.1.4 Data extrapolations to all vehicle keys ................................................................................................................................................ 6 

2.2 Approach and data sources for individual materials and components ................................................................................... 8 

2.2.1 Steel and iron ................................................................................................................................................................................................................ 8 

2.2.2 Aluminium alloys ....................................................................................................................................................................................................... 9 

2.2.3 Magnesium alloys ..................................................................................................................................................................................................... 9 

2.2.4 Catalytic converter ................................................................................................................................................................................................... 9 

2.2.5 Electrical and electronic components (excluding electric drive motor, batteries and power 
electronics for xEV) ..................................................................................................................................................................................................................... 10 

2.2.6 Electric drive motor/generator ................................................................................................................................................................... 11 

2.2.7 Power electronics for HEVs, PHEVs and BEVs............................................................................................................................. 12 

2.2.8 Battery management system (BMS) for traction batteries ........................................................................................... 13 

2.3 Elements that were excluded due to lack of data .................................................................................................................................... 13 

2.3.1 Gallium ............................................................................................................................................................................................................................. 13 

2.3.2 Titanium .......................................................................................................................................................................................................................... 14 

3 Uncertainties............................................................................................................................................................................................................................................... 15 

4 Results and conclusions ................................................................................................................................................................................................................... 17 

References ............................................................................................................................................................................................................................................................. 20 

List of abbreviations .................................................................................................................................................................................................................................... 42 

List of figures ..................................................................................................................................................................................................................................................... 43 

List of tables ........................................................................................................................................................................................................................................................ 44 

 

 

 

 

 

 

 

 



 

1 

 

Acknowledgements 

This report and the associated datasets were produced with financial support from the European 
Commission - Joint Research Centre (service contract number 722515). 

Authors 

Amund N. Løvik1, Charles Marmy1, Maria Ljunggren2, Duncan Kushnir2, Jaco Huisman3, Silvia Bobba3, 
Thibaut Maury3, Theodor Ciuta3, Elisa Garbossa3, Fabrice Mathieux3, Patrick Wäger1 

 

1Empa, Swiss Federal Laboratories for Materials Science and Technology, Technology and Society 
Laboratory, St. Gallen, Switzerland 

2Chalmers University of Technology, Environmental systems analysis, DEPARTMENT OF TECHNOLOGY 
MANAGEMENT AND ECONOMICS, 412 96 Göteborg, Sweden 

3Joint Research Centre, Sustainable Resources Directorate, Via E. Fermi 2749, Building 100, TP 122, 
I-21027 Ispra (VA) - Italy 

  



 

2 

 

Abstract 

Previous research efforts have focused on the development of comprehensive and robust datasets 

on Secondary Raw Materials, as requested in particular in the EU Circular Economy Action Plan (2015). 

For example, the Horizon 2020 project ProSUM (Prospecting Secondary raw materials in the Urban 

mine and Mining wastes, 2015-2017) resulted in the creation of the Urban Mine Platform (UMP)1. The 

UMP displays comprehensive data from the RMIS on the European stocks and flows of batteries, 

electrical and electronic equipment (EEE) and vehicles, as well as the materials, components and 

chemical elements contained in these stocks and flows. The battery dataset has been updated in 

2019 in the Raw Materials Information System (RMIS)2  

This report presents the approach, the background data and the key results of the update of the UMP 

data concerning vehicle composition. It discusses in particular the improvement of existing data using 

recent information and knowledge that has become available since the realisation of ProSUM, and 

the extension of time series until the year 2023 through extrapolation. New components were also 

added to the existing dataset. The considered materials in the dataset are: cast and wrought 

aluminium, mild and high strength steel, cast iron and magnesium alloys. The considered components 

are: catalytic converter, electrics and electronics, power electronics, battery management systems, 

induction and permanent magnets electric drive motors. The average mass of each of those materials 

and components is estimated in vehicles, categorized by vehicle type, fuel type, engine size and mass 

class, for each year between until 2023. Moreover, the average mass fractions of 16 elements (Ag, 

Al, Au, Cu, Dy, Fe, La, Mg, Mn, Mo, Nb, Nd, Pd, Pt, Rh, Si) in the materials and components are estimated. 

This composition data, when combined with data on the fleet of vehicles in the EU, is the basis for 

datasets on secondary raw materials in vehicles, to be soon featured in an interactive data viewer in 

the RMIS. The vehicle dataset will not address battery active materials and will have therefore to be 

looked at in combination with the battery datasets already available on the RMIS2. 

Such updated dataset can be extremely useful to support EU policies, since vehicles and mobility are 

key products and sectors in the transition towards a low carbon and circular economy. 

 

                                           
1 www.urbanmineplatform.eu [accessed on 20/09/2021] 
2 https://rmis.jrc.ec.europa.eu/apps/bvc/#/v/apps [accessed on 20/09/2021] 

http://www.urbanmineplatform.eu/
https://rmis.jrc.ec.europa.eu/apps/bvc/#/v/apps
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1 Introduction 

 

The ‘Raw Material Initiative’ COM(2008)699 (European Commission, 2008) already identified back in 

2008 end-of-life products as being very important sources of secondary raw materials for the EU, 

including for high-tech metals. The Circular Economy Action Plan COM(2015)614 (European 

Commission 2015) stated in 2015 that the "Raw Material Information System will be further 

developed to improve the availability of data on secondary raw materials and support EU-wide 

research on raw material flows". The 2020 Circular Economy Action Plan COM/2020/98 (European 

Commission 2020) reiterated this policy agenda to establish more circular business models and 

emphasise more high quality recycling, while focusing special efforts on priority product value chain 

such as vehicles. The Action Plan in particular established that provisions concerning recycled content 

for certain materials of components and improving recycling efficiency will be considered during the 

revision of the end-of-life vehicle Directive planned in 2021-2022 (European Commission 2021). A 

recent JRC report (European Commission. Joint Research Centre. 2021) has also demonstrated that 

circular economy strategies have the potential to significantly improve material efficiency of (critical) 

raw materials contained in vehicles. The current report aims at establishing robust and up-to-date 

data concerning selected metals and (critical) raw materials contained in vehicles that is the basis of 

a dataset on secondary raw materials in vehicles. This work was carried out in the context of the JRC 

2021-2022 institutional work-programme, through its project “SUstainable and secure sourcing of 

Raw materials for future competitive and low carbon European strategic VALue chains (SureVAL)”. 

The work was supported by the service contract number 722515. 

The Horizon 2020 project ProSUM (2015-2017) resulted in the creation of the Urban Mine Platform 

(UMP) (www.urbanmineplatform.eu), which displays comprehensive data on the European stocks and 

flows of batteries, electrical and electronic equipment (EEE) and vehicles3, as well as the materials, 

components and chemical elements contained in these stocks and flows. The data on vehicles 

displayed in the Urban Mine Platform were generated through a combination of data on the number 

and mass of vehicles (placed on the market, in stock and in waste flows) with data on the composition 

of vehicles, e.g. the average content of aluminium in each vehicle type. This report summarises work 

undertaken to update and expand the data on composition of vehicles. This data is now being 

combined with data on fleets of vehicles in the EU, for the purpose of disseminating data on 

(secondary) raw materials in vehicles in the Raw Materials Information System (RMIS), developed and 

maintained by the Joint Research Centre (JRC) of the European Commission.  

The main goals of the work were to extend time series data until the year 2023 and to update the 

data with new information that has become available since the launch of the UMP. For example, in 

                                           
3 Vehicles here refers to passenger cars (M1) and vans (N1). 

http://www.urbanmineplatform.eu/
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the past few years, several studies have been undertaken to sample and analyse electrical and 

electronic devices contained in cars (Yano et al. 2019; Nguyen et al. 2019; 2020; Groke et al. 2017). 

In the process of updating and expanding the data, substantial changes were also made to further 

harmonise the structure of the data and add more information on specific components, including the 

battery management system (BMS) and power electronics (PE) of hybrid (HEV), plug-in hybrid (PHEV) 

and full electric vehicles (BEV)4. In the following chapters, we describe the general approach for 

obtaining and estimating data on the composition of vehicles, the data sources, the main findings 

compared to what was known when the Urban Mine Platform was launched. Visualisations of some 

example data are also included in an Annex. 

 

                                           
4 HEVs, PHEVs and BEVs will be collectively referred to as xEVs. 
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2 Approach and data sources 

2.1 General approach 

2.1.1 Vehicle keys 

Vehicles were categorised using the vehicle keys defined in ProSUM, which are defined by four 

categories of characteristics, stemming from Eurostat vehicle statistics, listed below. 

 Type: unknown, car or van  

 fuel type: unknown, petrol, diesel, LPG (Liquified Petroleum Gas), NG (Natural gas), HEV, 

PHEV, BEV/fuel cell and other 

 engine size: unknown, <1400 cm3, 1400-2000 cm3, >2000 cm3, no cylinder  

 mass: unknown, <1000 kg, 1000-1249 kg, 1250-1500 kg, >1500 kg.  

All possible combinations of those characteristics gives 675 different possible vehicle keys. The 

majority of these vehicle keys represent unlikely or in some cases impossible combinations of 

characteristics (e.g. no cylinder is only relevant for BEV). However, for consistency in the structure of 

the data, they are all included in the final dataset. 

As an additional characteristic, vehicles are categorised based on their cohort, which is defined as 

the year they were placed on the market (approximately the model year of the vehicle). It ranges 

between 1980 and 2023. In total, this gives 675*44 = 29700 different categories of vehicles, which 

in principle have different material compositions that we may attempt to quantify. 

2.1.2 Parameters to quantify 

In ProSUM, the composition data for vehicles were prepared in a flexible structure, with a different 

set of parameters for each component and material. For example, while for aluminium alloys we 

quantified their mass per vehicle and mass fractions of elements in the alloys, for catalytic converters 

we quantified the number of catalytic converters per vehicle (effectively the share of vehicles that 

have a catalytic converter) and the mass of each element per catalytic converter. This flexible 

approach led to a somewhat complicated data structure that was not straight-forward to convert into 

a single dataset5. 

To facilitate further work with the data and comparisons between different materials and 

components, we have now harmonised the approach between all materials and components to follow 

the same structure. For each component and material, we now quantify two parameters: 

 The mass of the component or the material per vehicle, 𝑀𝑐,𝑣,𝑡 

                                           
5 In ProSUM this was nevertheless achieved through the use of a unified data model. 
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 The mass fraction of each element in each material and component, 𝑤𝑒,𝑐,𝑣,𝑡 

The subscripts specify the material or component (c), the vehicle type (v), the cohort (t) and the 

element (e). With these two parameters, we can easily calculate the following: 

 The mass of each element contained in material or component m per vehicle:  

𝑚𝑒,𝑐,𝑣,𝑡 =  𝑀𝑐,𝑣,𝑡  𝑤𝑒,𝑐,𝑣,𝑡 

 The total mass of each element per vehicle 

𝑚𝑒,𝑣,𝑡 =  ∑ 𝑚𝑒,𝑐,𝑣,𝑡

𝑐

 

These four parameters are provided in the attached dataset. 

2.1.3 Selection of materials, components and elements 

In addition to the nine components and material that were included in ProSUM, we also included here 

the battery management system, induction drive motor and power electronics for xEVs as three 

separate components6. Power electronics here includes the inverter, DC-DC converter, on-board 

charger and related controllers. We included 16 different chemical elements; all of them were also 

included in ProSUM. The following table presents the full lists of materials, components and elements 

as well as which elements were quantified in each material/component. 

 

Table 1. Materials, components and elements included in the dataset. 

 

2.1.4 Data extrapolations to all vehicle keys 

It is obviously not possible to quantify the composition of 29700 different categories of vehicles 

individually, especially considering that comprehensive, public data sources on vehicle composition 

                                           
6 Batteries contained in vehicles are excluded from the dataset as they are already well characterised in another 

RMIS dataset : https://rmis.jrc.ec.europa.eu/apps/bvc/#/v/apps  

https://rmis.jrc.ec.europa.eu/apps/bvc/#/v/apps
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are limited to a small number of scientific papers and market reports that focus on selected materials, 

elements or components, and usually do not include any temporal analysis. Our approach is therefore 

based on quantifying relevant parameters (e.g. the total mass of electrics and electronics) for an 

average or example vehicle, and then extrapolate this to other vehicle categories using information 

about key differences that depend on selected characteristics of the vehicles. For example, it is often 

relevant to scale the mass of materials or components per vehicle by the vehicle mass category. 

For each parameter, the level of differentiation between different vehicle keys and cohorts depends 

on its relevance and data availability. The most detailed data (e.g. mass of aluminium alloys per 

vehicle) were differentiated by three characteristics: vehicle fuel type, vehicle mass or engine size, 

and vehicle cohort. The least detailed data (e.g. mass fractions of elements in aluminium alloys) were 

not differentiated between different vehicle types at all. 

The extrapolation process used to populate the entire dataset means that many values are repeated 

for different categories of vehicles, e.g. when no data on time dependency or fuel type dependency 

were identified. In these cases, the supplied dataset includes an artificial level of detail, which can be 

easily identified as repetition of identical data. In general, when data for two vehicle categories are 

identical, it means that we have no reason to believe that there is a systematic difference between 

these vehicle categories for that particular parameter, or insufficient knowledge of the difference. In 

some cases, it is not meaningful to present results at the full level of detail. Particularly, we have not 

included any distinction between cars and vans other than what is captured by their respective 

mass/engine size/fuel type categories, and we have not included any differentiation between petrol, 

LPG, NG, unknown and other fuel types. When presenting results, it therefore makes sense to 

aggregate these categories. Despite these limitations, we assert that for the quantified parameters, 

the most significant and important differences are indeed captured in the dataset. In Table 2, we 

present an overview of the vehicle characteristics that the data depend on for each material and 

component. An x in this table indicates that for the given material or component and variable, there 

is a differentiation between at least two categories of the indicated vehicle characteristic. For 

example, the element mass fractions in catalytic converters are different for different fuel types. 
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Table 2. Dependencies of variables on vehicle characteristics (x: at least one category is different from the rest) 
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Cast aluminium x x x  x*         

Wrought aluminium x x x  x*         

Mild steel x x   x         

High strength steel x     x         

Cast iron x x   x         

Magnesium alloys   x             

Catalytic converter x x x     x     

Electrics and electronics x x   x x x     

Power electronics (xEV)   x             

Battery management system 

(xEV)   x   x         

Drive motor, induction (xEV)   x   x         

Drive motor, PM (xEV)   x   x         
* Only for xEVs 

2.2 Approach and data sources for individual materials and components 

2.2.1 Steel and iron 

Data on the content of steel and iron were in ProSUM based on a scientific publication with data 

obtained through market reports (Modaresi et al. 2014). For the updated RMIS data, ProSUM data 

were changed from 2011 onwards based on a recent market study that includes forecasts 

(DuckerFrontier 2019). Relative changes in content of standard steel, high strength steel and cast iron 

were calculated based on data on North American light vehicles. Data specifically for the European 

market are not available, but it can be assumed that the general technological trends are similar. 

Both standard steel and high strength steel (HSS) have been decreasing in recent years due to the 

increased use of advanced high strength steel (AHSS) and ultra-high strength steel (UHSS) that fulfil 

the same demands with smaller mass, as well as increasing use of aluminium alloys. This trend is 

expected to continue. The increasing use of AHSS and UHSS are not visible in the data, since they are 

included among HSS and the net effect is an overall decrease of HSS. Using data from Modaresi et 

al. on the steel and iron content in different subsystems of vehicles (Modaresi et al. 2014), we 

estimated that BEVs contain 14% less mild steel and 85% less cast iron than Internal Combustion 

Engine Vehicle (ICEVs), due to the absence of the combustion engine. The average composition 

(element mass fractions) of standard steel, HSS and cast iron was not changed compared to ProSUM 

data. 
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2.2.2 Aluminium alloys 

Data on aluminium content in vehicles were in ProSUM estimated until 2015 from a scientific 

publication and two market reports (Modaresi, Løvik, and Müller 2014; Ducker Worldwide 2012; 2014). 

Here, an addition was made to include the battery casing for HEVs, PHEVs and BEVs (this was excluded 

from vehicles data in ProSUM). Increased resolution between different size categories of HEVs, PHEVs 

and BEVs was also included. Finally, the projections until 2023 were made based on the latest 

available market report (European Aluminium and DuckerFrontier 2019). In general, aluminium 

content is expected to continue increasing for all vehicle types due to more use of wrought aluminium 

in body and closures. However, the largest overall increase is expected to come from an increased 

penetration of PHEVs and BEVs, which in general contain substantially more aluminium due to the 

relatively heavy battery casing. The average composition of cast and wrought aluminium was not 

changed compared to ProSUM. 

2.2.3 Magnesium alloys 

The content of magnesium alloys in vehicles was included in the scope of some studies that focus on 

aluminium content (DuckerFrontier, The Aluminum Association 2020). However, the average content 

of magnesium alloys was found to be so low that it is not visible in the results. One study that 

attempted to calculate a recycling rate for magnesium in the EU collected data on magnesium use in 

cars and performed an independent estimate using top-down data on production of magnesium 

castings in the EU (Bell et al., 2017), estimating 2.7 kg per vehicle on average. Other estimates for 

individual vehicles lie in the range 2-10 kg per vehicle (Field et al. 2017; Ortego et al. 2018; Bell et 

al., 2017). As an average, we estimate 5.2 kg magnesium alloys per vehicle with internal combustion 

engine (including HEVs and PHEVs). For BEV, we assumed a magnesium alloy content equal to 20% 

of the magnesium alloy content in ICEVs, due to the fact that magnesium castings are typically used 

in components that are specific to internal combustion engines (Field et al. 2017). 

2.2.4 Catalytic converter 

In ProSUM, catalytic converters were included with two parameters: 1. the number of catalytic 

converters per vehicle (between 0 and 1), by fuel type and cohort, and 2. the mass of Pt, Pd, Rh, Ce 

and La per catalytic converter, by engine size and fuel type. The data were obtained from a small 

number of studies (Hagelüken 2008; Cullbrand and Magnusson 2011; Johnson Matthey 2013; 

Ministry of Environment Japan 2009; Alonso, Field, and Kirchain 2012; Xu, Yano, and Sakai 2016). In 

the present study we have refined the approach in the following way. Catalytic converters are now 

represented with two different parameters: 1. the average mass of catalytic converters per vehicle, 

by fuel type and cohort, and 2. the mass fractions of Pt, Pd, Rh, Ce and La in catalytic converters, by 

fuel type. New compared to the ProSUM approach is that now also the total mass of catalytic 

converters can be computed. In addition, the data now takes into account the historical increase in 



 

10 

 

average mass of catalytic converters to comply with increasingly strict emissions standards. The 

estimates of average mass of catalytic converters and mass fractions of the elements are based on 

newly obtained data sources (Zhang et al. 2020; Trinh et al. 2020; Paraskevas, Papoutsi, and 

Ochsenkühn-Petropoulou 2012; Seo and Morimoto 2017; Walker Emissions Control 2018) as well as 

the sources used in ProSUM. 

2.2.5 Electrical and electronic components (excluding electric drive motor, batteries and 

power electronics for xEV) 

In ProSUM, the mass of selected elements occurring in electrical and electronic components was 

estimated. Here, we have added an estimate of the total mass of all electrical and electronic 

components per vehicle using data from studies that were published after the ProSUM work was 

finished (Groke et al. 2017; Field et al. 2017; Ortego et al. 2018), which together provide data on 12 

different common ICEV models. Two of the vehicles are described with data from the International 

Materials Data System (IMDS) and the remaining 10 were characterised through comprehensive 

dismantling. The total mass of electrics and electronics is in the range 25 to 82 kg per vehicle, with 

most observations in the range 29 to 67 kg. The average model year of the vehicles was 2013. 

Building on work done as part of the EVA project (Restrepo et al. 2019; 2020), we estimated the 

historical change in total mass of electrical and electronic components per vehicle. These estimates 

are based on historical data on the market penetration rate (Auto-i-Dat AG 2018; Deutsche Automobil 

Treuhand GmbH 2016) and average mass (Groke et al. 2017; Restrepo et al. 2020; Nguyen et al. 

2019; Yano et al. 2019) of automotive electrics and electronics that emerged in the past three 

decades. 

The mass fractions of Ag, Cu, Pd, La, Nd and Dy in the total electrics and electronics mass were 

quantified. The approach is different from the approach used in ProSUM, where only the mass of each 

element per vehicle was quantified and copper was not included (only the total mass of copper per 

vehicle). Since ProSUM, new research has been published that helps quantify the mass or mass 

fractions of these elements in vehicle electronics. This includes studies based on sampling and 

chemical analysis of vehicle components (Groke et al. 2017; Nguyen et al. 2019; Yano et al. 2019; 

Nguyen et al. 2020) as well as studies based on data from manufacturers (Field et al. 2017; Ortego 

et al. 2018; Iglesias-Émbil et al. 2020). Additional data sources include the studies that formed the 

basis for the ProSUM data (Cullbrand and Magnusson 2011; Ministry of Environment Japan 2009; Xu, 

Yano, and Sakai 2016; Alonso et al. 2012; R. Widmer et al. 2015; Du et al. 2015; Restrepo et al. 2017) 

as well as other newly identified information (The Martec Group 2017; Zur-Lage 2014). 

Compared to the ProSUM approach, the availability of additional data has made it possible to better 

distinguish between different vehicle types (higher mass of electrics and electronics in heavier cars 

that are often more luxurious), and to improve the confidence about the data. The new information 
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that has become available since ProSUM has led us to adjust down the estimate of Nd and Dy content 

in conventional cars. Sampling and analysis of magnets in cars (Nguyen et al. 2019; Yano et al. 2019) 

has indicated that neodymium magnets are less frequently used than previously assumed.  

2.2.6 Electric drive motor/generator 

Electric drive motors were not included in ProSUM. The current study distinguishes between 

permanent magnets motors (PM motors) and induction motors7 as components. The mass ratio of 

the elements Nd, Dy and Cu for the former category of motors, and only Cu for the latter are 

considered. 

Electric drive motors are used in HEV, PHEV and BEV in various sizes and characteristics. Electric cars 

can still be considered as an emerging trend in individual mobility, although its growth is very rapid. 

As such currently available xEVs display a vast diversity in electric drive motors types. Another 

consequence of this fact is that there are very few published data on the subject. In order to take this 

aspect into consideration, the approach used in this study was to consider the 10 most sold models 

in the first half of 2020 of BEV, HEV and PHEV in EU as representative samples of their respective 

market segment, whose total size is also known (Bart Demandt 2020b; 2020a; Thomas Gersdorf et 

al. 2020; Jose Pontes 2020). Those models represent at least half of their market segment. It can 

thus be assumed that those samples are representative of their overall segment. 

Those models were individually studied and sorted by vehicle mass. The characteristics of their 

electric drive motors were collected, such as torque, power or type, either through technical 

documentation (‘Technical Specs, Dimensions, Fuel Consumption of Cars’ n.d.; ‘EVSpecifications - 

Electric Vehicle Specifications, Electric Car News, EV Comparisons’ n.d.) or inferred from the mass of 

the vehicle (Marvin, Helenbrook, and Visser 2017). However, motor mass was not directly available 

and had to be extrapolated from the torque of PM motors (Nordelöf A et al. 2017; Nordelöf et al. 

2018; Bhatt, Mehar, and Sahajwani 2019). The mass of induction motors was estimated using its 

approximately linear relationship to the mass of a PM motor developing an equivalent torque (Schultz 

and Huard 2013; J. D. Widmer, Martin, and Kimiabeigi 2015).  

HEV and PHEV are using exclusively PM motors. Induction motors are present in some BEVs only. The 

ratio of induction motors to PM motors is represented through the mass ponderation of each, that 

could be estimated with the market segment-based approach described above. However, there is not 

necessarily only one motor per BEV, some models even having one motor of each type (Adams 2020; 

Marc Amblard 2019). This was taken into account to ponder the mass of each type per vehicle. In 

                                           
7 In this study, all "magnetless" electric motors were considered as "induction" motors, since the sense of this 

distinction is to study the presence of Nd and Dy, present in magnets. An example of magnetless motor that 
is not stricto sensu an induction motor, but considered as such in this study is the brushed synchronous 
motor of the Renault Zoe, the most sold BEV in the first half of 2020. 



 

12 

 

other words, the motor mass indicated in the data does not represent an actual motor, but the mass 

of a motor of a certain type multiplied by the proportion of motors that are of this type in this 

particular weight category. 

The mass ratio of magnets in PM motors as well as the mass ratio of Dy and Nd in rare earths 

permanent magnets used in the automotive sector have been explored through several studies, whose 

results were used directly here. The mass ratio of copper in PM motors and induction motors could 

be retrieved thanks to dismantling data and teardown videos (Groke et al. 2017; Nordelöf et al. 2018; 

Schultz and Huard 2013; Elwert et al. 2016; Zepf 2013; Yano, Muroi, and Sakai 2015). 

BEV and especially PHEV are typically heavier than traditional ICEV. Due to this fact, the sampled 

models did not populate the lighter weight categories. A linear relation between vehicle mass and 

total torque was used to interpolate or extrapolate the data. It is moreover assumed that the 

parameters considered regarding electric drive motors remain constant in time. 

2.2.7 Power electronics for HEVs, PHEVs and BEVs 

Power electronics for HEVs, PHEVs and BEVs were not included as a separate component group in 

ProSUM (elemental contents were implicitly accounted for in the Electric and electronic system (EES) 

component group). Due to their importance for material content, power electronics are here included 

separately from other electrical and electronic components. Power electronics here means collectively 

the inverter, DC-DC (high to low voltage) converter, on-board charger (in PHEVs and BEVs only) and 

related controllers. These devices and the functions they provide are, in different xEV models, 

integrated to variable degrees with each other and the electric drive motor. Therefore, it makes sense 

to group them into one component. Data on the mass of some power electronics modules as well as 

on-board chargers were found from several sources, including research publications with data from 

samples or from manufacturers, manufacturer web sites and teardown videos (Groke et al. 2017; 

Elwert et al. 2015; Bulach et al. 2018; Reimers et al. 2019; jehugarcia 2015; Innoelectric 2020; Ficosa 

2020). Power electronics modules mass (including inverter, controllers and usually DC-DC converter) 

ranged from 6 to 17 kg (average 13 kg), while on-board charger mass ranged from 4.5 to 18 kg 

(average 10 kg). No systematic difference between the mass of HEV, PHEV and BEV power electronics 

modules was found. Although there is probably a trend of increasing integration, amongst others to 

reduce the total mass and volume, it was not possible to obtain a quantitative estimate of this trend. 

Three publications providing data on inverter composition were found, including overall breakdown 

into main materials and components (Yano et al. 2019; Elwert et al. 2015; Bulach et al. 2018), as 

well as detailed chemical analysis of element content in the printed circuit boards (Yano et al. 2019; 

Bulach et al. 2018). All examples of power electronics modules that were identified included a 

relatively heavy aluminium casing (around 50% of the mass on average). Printed wiring boards 
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constituted around 5% of the total mass, and copper constituted around 11% of the mass. Printed 

circuit boards from inverters were found to contain moderate amounts of Ag (700 ppm), Au (110 

ppm) and Pd (70 ppm). Separate composition data for on-board chargers were not identified. 

Based on the collected data, it was estimated that HEVs contain on average 14 kg of power electronics 

modules, while PHEVs and BEVs contain on average 24 kg of power electronics modules. On average, 

these components were estimated to contain 11 % Cu, 35 ppm Ag, 5 ppm Au and 4 ppm Pd. 

2.2.8 Battery management system (BMS) for traction batteries 

Battery management system (BMS) for traction batteries in HEVs, PHEVs and BEVs was not included 

as a separate component in ProSUM (element contents such as Ag and Au were implicitly accounted 

for in the EES component group). Here, the BMS is included as a separate component group that 

includes printed circuit boards, cables and connectors inside the battery pack. A small amount of data 

on typical BMS mass and composition was identified. Estimates of BMS mass range from around 

1.5% up to 9% of total battery pack mass, with most values in the range 2-4% (Elwert et al. 2015; 

Buchert et al. 2011; Majeau-Bettez, Hawkins, and Strømman 2011; Kushnir 2015; Yuan et al. 2017). 

Comparison between different sources is difficult, since it is often not clearly specified what is 

accounted for under the relevant category (e.g. "BMS", "electronics"). Here, it was estimated that the 

BMS (including cables, connectors and printed circuit boards (PCBs)) accounts for 3.6% of the battery 

pack mass on average. The BMS mass was then estimated for different mass categories of HEVs, 

PHEVs and BEVs using estimates of the total battery pack mass in these different vehicle types 

(Wagner et al. 2019). 

According to the few data that were identified on BMS composition, the PCBs constitute around 17% 

of the BMS mass and contain a substantial amount of Ag (2000 ppm) and smaller amounts of Au 

(24 ppm) and Pd (36 ppm)(Yano et al. 2019; Buchert et al. 2011). Also accounting for cables and 

connectors that contain a large amount of copper, we estimated here that the BMS overall contains 

74% Cu, 340 ppm Ag, 4 ppm Au, and 6 ppm Pd, by mass. 

2.3 Elements that were excluded due to lack of data 

The present vehicle dataset does not address battery active materials and should therefore be looked 

at in combination with the battery datasets already available on the RMIS (Joint Research Centre, 

2021). The following two elements are also excluded. 

2.3.1 Gallium 

We identified six studies that provide information on gallium content in vehicles, either through 

sampling and analysis of electrical and electronic components (R. Widmer et al. 2015; Nguyen et al. 

2020; Yano et al. 2019), or through extraction of data from the materials databases of car 
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manufacturers using the International Materials Data System (IMDS) (Cullbrand and Magnusson 

2011; Ortego et al. 2018; Iglesias-Émbil et al. 2020). The observed mass of gallium per vehicle ranges 

from 0.001 g to 0.6 g. Due to the wide variability, leading to high uncertainty for an average estimate 

of gallium content in cars, it was decided to not include gallium in the final dataset. 

2.3.2 Titanium 

Very little information on titanium metal use in automobiles was found. The use of titanium alloys in 

automobiles has generally been restricted to niche applications due to its high costs compared to 

competing materials like stainless steel (Sachdev et al. 2012). Since no quantitative data on the use 

of titanium alloys in cars were identified, it was decided to not include titanium in the data for the 

RMIS. 
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3 Uncertainties 

The data prepared in this project have variable degrees of uncertainty due to differences in data 

availability. Due to the diversity of the primary data (e.g. collected using very different methods) and 

the small amount of data available, statistical analysis to estimate uncertainties is not feasible. 

In general, the relative uncertainty is higher for components, materials or elements with lower mass 

per vehicle. This is both due to the quantity of data available to inform our estimates as well as the 

inherent uncertainties of primary data collection. For example, chemical analysis is more challenging 

for metals that occur in low mass fractions (e.g. Au and Ag) compared to metals that occur at higher 

mass fractions (e.g. Cu). We consider data on steel and aluminium content the most reliable data, 

since it is ultimately based on a comprehensive analysis of many different representative vehicle 

models. The least reliable data are the mass fractions of rare metals, such as precious metals and 

rare earth elements, due to the small amount of primary data, and potentially high variability between 

different vehicle models. For example, observations of gold content range from around 0.2g per 

vehicle (R. Widmer et al. 2015) up to 7g per vehicle (Cullbrand and Magnusson 2011). The lower end 

estimates almost certainly include some underestimation due to not capturing all relevant 

components, while the higher end estimates might be high-end vehicles with much higher content 

than the average car. This range gives an indication of the variability between different vehicle 

models. However, the uncertainty for the dataset presented here, which represents average values 

for the entire vehicle fleet, is considered lower. 

In Table 3, we present a qualitative indication of the uncertainty for each element and some additional 

comments about interpretation of the final results. 
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Table 3 Qualitative indication of uncertainty and considerations when interpreting results. 

element uncertainty considerations when interpreting results 

Ag high Ag is often underestimated in chemical analyses due to difficulties in 
measurement. This effect may have propagated to the data presented 
here. There is little information about changes in Ag content in 
electronics over time, although it is reasonable to expect that there 
have been changes. 

Al low Aluminium content in battery cell casings and cathodes is not included 
in the data. Aluminium in electric drive motor casings is not included 
either. Battery pack casings and content in module periphery are 
included. 

Au high There is little information about changes in Au content in electronics 

over time, although it is reasonable to expect that there have been 
substantial changes. 

Cu medium Copper content in steel alloys and iron is impurities. 

Dy medium The quantification of dysprosium content is often dependant on the 

neodymium content, because both elements are usually used 
concurrently in permanent magnets and are estimated at the same 
time, with the dysprosium content being considered as a fraction of the 
neodymium content.  

Fe low  

La medium  

Mg medium No temporal changes in magnesium alloy content per vehicle is included 
in the data, although there is probably an upward trend. 

Mn medium  

Mo high Data on typical Mo content in vehicles is very limited. The downward 
trend in Mo content per vehicle is caused by the estimated decrease of 
high-strength steels. However, within this trend there is an increased 

use of advanced high strength steel, which may contain more Mo. This 
is not captured in the data. 

Nb high Data on typical Nb content in vehicles is very limited. The downward 
trend in Nb content per vehicle is caused by the estimated decrease of 
high-strength steels. However, within this trend there is an increased 

use of advanced high strength steel, which may contain more Nb. This 
is not captured in the data. 

Nd medium  

Pd medium  

Pt medium  

Rh medium  

Si medium  



 

17 

 

4 Results and conclusions 

The main result of the data updates is the new dataset that is to be published as secondary raw 

material dataset on the Raw Material Information System. Due to the large amount of data, we do 

not present the results in detail here. However, some figures presenting the mass of each element 

for 5 example vehicles types, showing the contribution from different materials and components, are 

included in the Annex. The new dataset has provided better insights into the differences between 

conventional vehicles and xEVs. Changes in the material flows related to the European vehicle fleet 

will be driven mainly by the trend of increased electrification, rather than changes in the composition 

of individual vehicle types. In particular, electrification will lead to substantial increases in the use of 

Al, Ag, Cu, Nd and Dy (in addition to battery cell elements such as Li and Co), and substantial 

reductions in the use of Fe, La, Pd, Pt and Rh. 

Aluminium alloys 

The trend of increasing aluminium use is expected to continue at a moderate pace for all vehicle 

types, due to substitution for steel especially in body and closures. This mainly affects the use of 

wrought aluminium. HEVs, PHEVs and BEVs on average contain substantially more aluminium than 

pure ICEVs, the largest contribution coming from the casing of the traction batteries, which is usually 

made out of wrought aluminium. The lack of aluminium engine components in BEVs represents a 

reduction of cast aluminium compared to ICEVs, however, this is more than compensated for by other 

cast components in BEVs, such as the housing of the power electronics, the electric drive motors and 

the on-board charger. 

Steel and iron 

It is expected that the mass of mild steel and high-strength steel in cars continues to decline until 

2023, the main reason being that steel alloys are substituted by lighter options, including aluminium 

alloys and advanced high strength steel (AHSS). BEVs in general contain less steel, as a large portion 

of the steel in internal combustion engine vehicles (ICEVs) is used in powertrain components. 

Magnesium alloys 

No quantitative information on trends in magnesium use were identified. Compared to the ProSUM 

data, the main difference is that we now make a differentiation between BEVs and other vehicle 

types, since magnesium alloys seem to primarily be used in engine components. In general, the 

identification of additional data that matches with former estimates (around 5 kg magnesium alloys 

per car on average), improves our confidence in these data. 

Catalytic converter 
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New compared to ProSUM is that the mass of catalytic converters is now also included, considering 

also the historical progressive increase in catalytic converter mass to comply with increasingly strict 

emissions regulations. In general however, no important current trends were identified, as the 

regulations have not changed substantially since 2006. Electrification and the recently declining 

market share of diesel will have a huge impact on the material flows of platinum group metals. 

Electrics and electronics 

In the new dataset we also quantify the total mass of electrics and electronics per vehicle (this was 

not included in ProSUM), differentiating between different fuel types and different mass categories. 

Several new studies on the content of precious metals and rare earth elements in car electronics have 

been published since ProSUM. In general, this led to a reduced estimate of the content of these 

elements in car electronics. For example, for a 2015 vehicle with all characteristics unknown, we now 

estimate 1.5 g Au per vehicle, while in ProSUM we estimated 2.1 g per vehicle. The largest reduction 

was made for Nd, which was estimated at 107 g in a 2015 vehicle with all characteristics unknown, 

while now we estimate 44 g. 

Electric drive motors 

Electric drive motors were not included in ProSUM. PHEV and HEV use exclusively Permanent Magnets 

Motors, as well as the majority of BEV on the market. The rest of the BEV use Induction Motors. PM 

motors contain Nd and Dy in their magnets, as well as significant amounts of copper for their wiring. 

Induction motors do not use permanent magnets, and thus contain no Nd and Dy, but more copper 

for their additional electromagnets. Induction motors are heavier than PM motors for a given torque 

or car weight. Since xEVs are still very new on the market, no significant change in time of the 

parameters have been considered. 

Power electronics 

Power electronics (inverters, DC-DC converters, on-board chargers and related controllers) were not 

included as a separate component in ProSUM. Power electronics were found to contain substantial 

amounts of Ag, which was accounted for under electrics and electronics in ProSUM. However, in 

ProSUM we estimated a bigger difference in Ag content between ICEVs and xEVs compared to what 

can be accounted for by power electronics and the BMS, leading to a lower total Ag content estimate 

for xEVs compared to ProSUM data. 

Battery management system 

The battery management system was not included as a separate component in ProSUM. The BMS 

contains a large amount of Cu, which was simply accounted for under Cu total in ProSUM. Considering 

the amounts of Cu in each component (including power electronics and BMS), we ended up with a 
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somewhat lower total Cu mass per vehicle compared to ProSUM, e.g. 48 kg in total for a BEV, 

compared to 58 kg in ProSUM. This may also be due to an ongoing trend of component integration 

and reduction in the amounts of copper cables and connectors (The Martec Group 2017). 

 

A dataset on vehicle compositions was prepared as MS Excel files and it is being combined with EU 

data on vehicle fleets so that data on raw materials in vehicles put on the market, in stocks and as 

waste flows (i.e. secondary raw materials) can be visualised into a specific “vehicle” data viewer of 

the Raw Material Information System. The present vehicle dataset does not address battery active 

materials and should therefore be looked at in combination with the battery datasets already 

available on the RMIS (Joint Research Centre, 2021). This dataset improves the knowledge on 

secondary raw materials in the EU, and hence contributes to the development of the knowledge pillars 

of the Circular Economy Action Plans. Such updated dataset can be extremely useful to support 

policies since vehicles and mobility are key products and sectors in the transition towards a low carbon 

and circular economy. 
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Annex I. Visualisations of data 

 

Mass of elements per vehicle 

As an illustration of the data, the following figures show the estimated total mass per vehicle of each 

element for cars of the cohort 2020, with mass larger than 1500 kg and unknown engine size (the 

only category that is applicable to all fuel types), by fuel / engine type. Only petrol, diesel, HEV, PHEV 

and BEV are shown, since the remaining fuel types (LPG, NG, unknown and other) were assumed to 

have the same composition as petrol vehicles (due to a lack of specific data). 
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Figure 1. Estimated total mass per vehicle of selected elements for cars with mass larger than 1500 kg and unknown 

engine size of the cohort 2020 (please note that some y-axis values are expressed in kg, some others in g). 
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Mass of components and materials per vehicle by cohort 

The following figures show the estimated total mass per vehicle of each material and component for 

cars with mass larger than 1500 kg and unknown engine size (the only category that is applicable to 

all fuel types), by fuel type and as a function of cohort. Only petrol, diesel, HEV, PHEV and BEV are 

shown, since the remaining fuel types (LPG, NG, unknown and other) were assumed to have the same 

composition as petrol vehicles (due to a lack of specific data). When no change over time is seen, it 

means that there is insufficient data to estimate the trend, and it should not be interpreted as "there 

is no trend". 
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Figure 2. Estimated total mass per vehicle of each material and component for cars with mass larger than 1500 kg and 

unknown engine size by fuel type and as a function of cohort. 
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List of abbreviations 

Ag Silver 

AHSS Advanced high strength steel  

Al Aluminium 

Au Gold 

BEV Full electric vehicle 

BMS battery management system  

Cu Copper 

DC Direct current 

Dy Dysprosium 

EEE electrical and electronic equipment 

EES Electric and electronic system 

EMPA Swiss Federal Laboratories for Materials Science and Technology 

Fe Iron 

HEV Hybrid vehicle 

HSS High strength steel 

ICEV Internal Combustion Engine Vehicle 

IMDS International Materials Data System (IMDS) 

La Lanthanum 

LPG Liquefied Petroleum Gas 

Mg Magnesium 

Mn Manganese 

Mo Molybdenum  

Nb Niobium 

Nd Neodymium  

NG Natural gas 

PCB Printed circuit board 

Pd Palladium 

PE Power electronics 

PHEV Plug-in hybrid vehicle 

PM Permanent magnet 

ProSUM Prospecting Secondary raw materials in the Urban mine and Mining wastes 

Pt Platinum 
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RMIS Raw Materials Information System 
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UHSS Ultra-high strength steel () 

UMP Urban Mine Platform 

xEV Electric vehicle 
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