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Purpose
The purpose of this report is to provide an inventory of data sources of completed and ongoing
projects related to reporting practices, statistics and different data collection methods for
secondary raw materials (SRM) in Member States. Secondly, the purpose is to identify key
players involved in such process: data providers (which can be public authorities, industries,
recyclers) and data collection procedures from the providers that are enforced. This report is a
further elaboration of the Deliverable 2.1. The previous content is kept in the same report since
the content is highly connected to the extension with taking inventory of all possible
recommendations for improving SRM datasets. These are in turn converted into potential
strategies to implement them and finally into prioritised actions to make the requirements and
feasibility of them more tangible.
In doing so, a complete mapping of reporting networks is provided within countries, across
Member States and towards EU levels. For each Member State, key players are identified. The
inventory of data collection methods and networks is based on work resulting from EU projects
like ProSUM and other relevant projects and activities identified in WP5.
The waste reporting process across all Member States was assessed using the following criteria:
completeness, interoperability, internal consistency, timeliness, spatial coverage, transparency
of data collection methods and level of detail of data reported.
Based on the above, this deliverable contains the identification of key data providers, main data
gaps and barriers on the presence of secondary raw materials for the most relevant waste
streams that contain CRMs across all Member States for Batteries (BATT), Vehicles (ELV),
Waste Electrical and Electronic Equipment (WEEE), other mixed metal waste (MSCRAP) and
Mining Waste (MIN).
Based on the analysis, all possible and relevant recommendations for improvement are
structured and converted into strategies. The structuring is to specify long versus short term
strategies, per individual stage in the life-cycle, according to possible actions in the following
categories: classifications (harmonisation), stakeholder involvement (awareness and data
provision), monitoring and reporting, research (supporting investigations).
The final result is a set of tangible possible strategies and prioritised actions described and
reviewed in terms of type of action, the level of priority, the financial and human resources
required, the cooperation needed between stakeholders involved, the time frame for execution
and general feasibility constraints.
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Executive Summary
This report of the ORAMA Work Package 2 on Secondary Raw Materials brings together all
available information and recommendations concerning the issues found in the data collection
of batteries, vehicles, electrical and electronic equipment, including PV panels, metal scrap and
mining waste. As a first task (Deliverable 2.1), the aim is to provide a structured inventory of
currently available data from Member States and EU sources; to make an analysis of how data
is collected and; to identify gaps and issues. For evaluating data collection practices in each
sector, the following criteria are used (Deliverable 2.1):
1. Completeness.
2. Interoperability.
3. Internal Consistency.
4. Timeliness.
5. Spatial coverage.
6. Transparency.
7. Level of detail.
As a second task (Deliverable 2.2), a structured overview of general and specific
recommendations from existing and ongoing EU projects is made. This is based on the analysis
results of the data collection procedures from the previous task. The structured assessment
reviews all available recommendations on how to improve the data collection processes. This
is followed by formulating strategies clustered under four main themes:
1. Improved classifications
2. Enhanced stakeholder involvement.
3. Improved monitoring.
4. Dedicated further research.
From these strategies, a shortlist of prioritised recommendations is extracted and converted into
further possible actions, including description of their feasibility, timing and resources. In
addition, from the strategies shortlisted, five specific case studies are selected, one per waste
group. These will be executed in the second project year as visualised below:

Figure E1: Assessment of data collection process, prioritised recommendations, proposed case
studies and next steps for ORAMA WP2-Secondary Raw Materials

The following sections summarise the findings for each of the selected case studies.
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How to improve data collection for batteries?
For batteries, a single well-structured EU source covering all battery products and compositions
across the various life-cycle stages is missing. The weakest data coverage regards the stocks
and lifespans as well as the waste flows in particular for rechargeable and industrial batteries.
The data inventory shows that as a source of official data, Eurostat statistics are not designed
nor structured to describe material content and flows. On a national level, data on industrial
and automotive batteries are particularly omitting in reported datasets. Besides coverage,
harmonisation and classification issues are a major underlying challenge. Alternatively, based
on data from private organisations and research institutes, the ProSUM projects Urban Mine
Platform provides a first comprehensive EU picture of the stocks and flows of batteries and
their material content. Nevertheless, key challenges remain regarding interoperability, internal
consistency of the data and significant uncertainties in the estimates of the amounts of
secondary raw materials.
The outcomes of the data inventory are analysed to formulate recommendations and strategies
to improve the data availability and the data collection processes in general. The figure below
highlights the most important prioritised recommendations and their timing and feasibility.

Figure E2: How to improve the data collection for batteries and selected case study description

Finally, from all prioritised recommendations, several case studies are formulated and one
specific option is selected. Due to their content of CRMs and the expanding market, the scope
of the case study selected regards lithium-based rechargeable batteries in electric vehicles,
which are expected to provide the largest share of the demand for Li-ion batteries in the next
years. The case study will be conducted in close cooperation with the case study on vehicles as
a demonstration on how data collection processes can deliver more consistent and reliable data
on raw materials in electric vehicles.
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How to improve data collection for vehicles?
Lack of comprehensive data on the composition of vehicles remains the main limitation. Huge
amounts of data are being collected by car manufacturers, but these data are subject to strict
confidentiality agreements with suppliers of parts. It is recommended that a working group
with representatives from government and industry is established to explore the potential use
of these data for policy development and concrete recycling-oriented measures.
The data published on the vehicle stock and new registrations of the EU MS are based on `age
groups´. One recommendation is to change the current approach to report data to Eurostat in
detailed age until the age of 20 years since data is available from Member States. Finally,
similar to the other waste groups, it is advised to improve monitoring and tracking the
‘unknown whereabouts’ of the vehicles forming a substantial unaccounted raw materials flow.

Figure E3: How to improve the data collection for vehicles and selected case study description

The management of end of life batteries from electric and hybrid vehicles will become a major
issue in the coming decade. Hence, a case study is selected to analyse in detail the current data
availability and provide concrete recommendations on how to improve data collection and
publication on this material stock/flow. It is foreseen that the case study will lead to a concrete
recommendation to revise the vehicle keys developed and used in the ProSUM
www.urbanmineplatform.eu (based on Eurostat classification).
Recommendations from the case study will feed into guidelines and training materials later on
and will focus on further establishing the data framework necessary for managing and
forecasting future electric/hybrid vehicle battery flows. Additionally, there is a need for
increased communication and involvement between different stakeholders. The process around
the upcoming revision of the ELV directive may serve as a starting point for establishing a
working group.
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How to improve data collection for WEEE, incl. PV panels?
For electronics, lack of time-dependent and accurate composition information, as well as
significant data gaps for the complementary trade flows are the main concerns. The new WEEE
Directive categorisation into six categories allows for more direct comparison of market input
versus output data. However, similar to the other waste groups, in practice each Member State
has different reporting procedures especially for collection volumes, leading to inconsistencies
and under- or overestimations. In addition, reported collection is severely affected by
scavenging, complementary recycling and (illegal) trade of the most valuable products,
components and materials. There is a need for improved harmonisation in data reporting
practices to prevent inconsistencies and secure a more consistent declaration of product and
waste compositions. Currently, such data is only provided by research country studies or by
research projects such as the ProSUM project that gave rise to the Urban Mine Platform (see
www.urbanmineplatform.eu).
Concerning PV Panels, the change of composition over time, their long lifespan, and, since
data has to be converted from energy statistics, the dynamic power-to-weight ratios need to be
specified better to forecast future SRM potential. Improved monitoring and reporting are
recommended in order to analyse the losses and implement corrective measures. From the
analysis in this report, a prioritization of several recommendations is made (see Figure E3).

Figure E4: How to improve the data collection for WEEE and selected case study description

From all analysed recommendations, two case studies are selected, one for WEEE and one for
PV panels. The WEEE scavenging case study will quantify different types of scavenged
fractions (products, components, materials) and the composition and quality of the resulting
flows. The case study will give rise to further lessons on how to improve the data collection
process by producing guidelines and training material to allow Member States to report product
and waste compositions in a more structured manner. The PV Panel case study derives
differentiated data sets per PV Panel technology for the www.urbanmineplatform.eu, taking
into account change of compositions over time and similarly provide guidelines to improve
data collection for PV Panels.
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How to improve data collection for mining waste?
Many EU countries have created a mining waste (MIN) national database of some sort for
environmental safety purposes. Some countries have re-evaluated the information in the
databases with regard to secondary potential and created a list of potentially interesting deposits
for re-mining. The deposit information is shared to existing collection systems. The analysis of
the harmonised deposits shows that the shared information is very basic and does not allow an
estimation of secondary potential. The major barrier is a lack of proper characterisation
(chemical, mineralogical and volumes) of the deposits. Therefore, the major problem in
collecting MIN data is the lack of quality input data with regard to secondary potential. With
regard to the data collection system itself, the problem is that several unofficial systems exist.
Each system has its own unique classification, harmonisation, collecting and reporting tools.
Although the development of data collection systems progressed in the last years, none of them
has flourished yet. It is assumed that their dissemination and mapping of data providers
received limited attention. Consequently, the input datasets in existing systems are scarce,
dispersed and non-comparable. The understanding of how, what, to whom, with what purpose
and most important, with what tools, is in need of clarification.

Figure E5: How to improve the data collection for mining waste and selected case study
description
To improve the collection of MIN it is necessary to improve the quality of input data (deposit
characterisations) and to create a single official classification, collection and reporting system,
preferably maintained under the same organisation. The proposed mining waste case study
examines and elaborates on national MIN secondary resource datasets and their relation to the
ProSUM MIN collection and reporting system. Such an approach has not properly been
understood by data providers yet. The case study will attempt to create a non-technical practical
roadmap for creating and sharing national data sets into the ProSUM database based on existing
practices. The case study will support the action of creating clear and user-friendly guidelines
for ProSUM based MIN data sharing, which will be the focus of WP4 later on.
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What is the value of this analysis for the long term?
Currently, none of the official sources for the waste groups under scrutiny in ORAMA are
designed to properly describe primary and secondary raw materials content. For volumes
placed on the market and collected, Member States report to Eurostat their data on an annual
basis via the Edamis web portal: (https://webgate.ec.europa.eu/edamis/login/).
In reality, for each of the waste groups, every Member State follows different approaches for
compiling the information which is leading to inconsistencies and either under- or
overestimation of the amounts placed on market and collected. This creates severe constraints
to the availability of reliable data on secondary raw materials in Europe. Particularly in relation
to non-reported, complementary recycling flows, Member States can develop measures to
make non-reporting stakeholders become part of the legal system. This contributes not only to
adherence to existing legal requirements for treatment in particular, but also avoids an uneven
economic level playing field with significant environmental and material availability
drawbacks.
Moreover, data gaps severely affect the meaningfulness of the various current collection and
recycling rates and removal obligations in the respective waste Directives, as well as in the
monitoring and comparing of progress made across the EU. It is important to understand and
tackle these data gaps in order to better substantiate targets for separate collection, reuse and
preparation for reuse, recycling and actual recycled content and ultimately for circular economy
monitoring, to have substantiated material efficiencies over the entire life-cycle.
Many strategies are currently being developed to support mid to long term development of raw
materials tracking, to monitor the efficiency of policies and their implementation and to
contribute to a more circular economy. In this respect, the main recommendations in this report
are not suggesting a complete overhaul of the existing statistical procedures, but rather a future
orientation in the form of a step-by-step approach to link multiple, scattered sources to each
other.
Another key development and underlying reason for this ORAMA analysis exercise, relates to
quickly changing perspectives on the relevance of raw materials in our modern society.
Similarly, for all waste groups, the views on the original perspectives are shifting from waste
management and control over potentially harmful substances as such, towards more circularity
and higher material efficiency, towards more replacement of primary raw materials by
secondary raw materials, as well as decoupling of economic growth from energy and material
footprints. Sustainable development and targeted interventions require a better understanding
of our primary raw materials consumption and description of all the data gaps for secondary
raw materials as a potential alternative source. This also means a modernisation of relatively
old, non-prioritised indicators in the monitoring of policies, currently reflecting only gross
weights and not the actual social, environmental and criticality dimensions of raw materials.
This is why reliable data on secondary raw materials are strategically so important for the EU.
Hence, the proposals made in this report constitute a small but important step to a more detailed
and focused understanding of our consumption and recycling patterns, which in turn is a key
ingredient to steer towards higher circularity levels of valuable products, components and
materials.
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1 INTRODUCTION
1.1 Aim and scope of Deliverable
The aim of this report is to identify and assess the current data collection practices and methods
of secondary raw materials (SRM) for the waste following groups: Mining waste (MIN), Endof-life vehicles (ELV), Waste Batteries (BATT), Waste Electrical and Electronic Equipment
(WEEE), MSCRAP (Metal Scrap, ferrous and non-ferrous metal scrap and Mining Waste
(MIN). A second aim with the extension of Deliverable 2.1 to this Deliverable 2.2, is to gather
all possible recommendations from relevant sources, structure and convert them in tangible
strategies and finally prioritise the resulting actions, including description of their feasibility
for future execution.
The system boundary for this deliverable is to cover both national as well as Member States
registrations and reporting procedures. Furthermore, the objective is to produce an inventory
of data gaps from ongoing and completed projects on Secondary Raw Materials (SRM). The
scope for BATT, ELV and WEEE is on the product market inputs (POM), the stocks, waste
generated (WG) and other waste flows. Furthermore, the compositions of these consumer
products are included. The outcomes of the inventory is feeding the subsequent selection and
execution of the case studies in WP2; Sankey diagram information for WP3; the development
of improved classifications for WP3; the conversion of guidelines into training materials and
sharing of best practices for WP4; finally provide a starting point for subsequent clustering
activities for WP5.

Figure 1: Pert chart of D2.1 in WP2 and other work packages in ORAMA

Figure 1 above, shows the relationship between D2.1 and D2.2 towards other deliverables in
ORAMA as well as the relationship of WP2 and other work packages.
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1.2 Approach / Methodology
The approach for this Deliverable 2.1 follows six steps as visualised in Figure 2. The first three
steps are executed for the preceding Deliverable 2.1 and updated and expanded were relevant
in this Deliverable 2.2, in particular for the vehicle’s information. Additionally, three more
steps are added for the analysis of the recommendations:

Figure 2: Approach and extension of D2.1 with recommended actions

1.2.1 Assessment of available data sources
The assessment of available data sources in this report includes a thorough inventory for the
four working groups, which includes: Member States reporting practices, completed and
ongoing projects derived from the mapping exercise of WP5, as well as collection methods for
data on Secondary Raw Material (SRM).
This deliverable structures existing and available information containing data on reporting
practices of stocks and flows linked to the collection and treatment of WEEE, BATT, ELV,
MSCRAP and MIN. The scope of the deliverable includes all the relevant steps in the product
life-cycle: This affects the amounts of products placed on the market, composition, residence
time, in-use stocks, waste generation, officially reported waste collection, complementary
flows of waste products as well as treatment and recycling, including element specific recycling
and recovery rates. Furthermore, the deliverable provides the foundation to collate existing
information on data reporting practices and identifying of key players in data collection.
Moreover, from the inventory of data collection procedures, an analysis will be done with the
assessment criteria described in Section 1.2.3.
In the Sections 1.2.1.1 and 1.2.1.2 a brief description of the most relevant and complete
reporting practices from Member States is described.
1.2.1.1 Eurostat
Regulation N°223/2009 on European statistics (the so-called 'Statistical Law') provides that
Eurostat is the statistical authority of the Union. Like national statistical institutes at national
level, Eurostat co-ordinates statistical activities at Union level and more particularly inside the
Commission. Eurostat's main role is to process and publish comparable statistical information
at European level. Eurostat collects data itself via the national statistical authorities in the
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Member States. The national statistical authorities are in turn responsible to perform national
surveys or analyse registers. They verify and analyse national data and send them to Eurostat.
Eurostat's role is to consolidate the data and ensure they are comparable, using harmonized
methodology.
At EU-level, Eurostat ensures the production of European statistics according to established
rules and statistical principles, notably those laid down in the European statistics Code of
Practice. Eurostat coordinates the statistical activities of the institutions and bodies of the
Union, in particular with a view to ensuring consistency and quality of the data and minimising
reporting burden. At European Commission level, Eurostat has been specifically entrusted with
the task to co-ordinate statistical activities across the Commission. The Decision on Eurostat
adopted by the Commission on 17 September 2012 states that Eurostat has in particular to
ensure effective cooperation and regular constructive dialogue with other services of the
Commission and to coordinate the statistical activities across the Commission.
1.2.1.2 ProSUM
One of the most relevant projects in producing data on secondary raw materials is ProSUM
(Prospecting Secondary raw materials in the Urban Mine and mining waste,
http://www.prosumproject.eu/). From 2015 to 2017, this Horizon 2020 project, identified and
compiled a great number of available data sources and data on BATT, WEEE and ELVs. In
addition to this, the project produced a dedicated set of recommendations to improve the
knowledge on the Urban Mine Platform in Europe for the future and identified specific data
gaps (Downes et al. 2017).
More than 800 sources containing data on the stocks, flows and composition of products and
wastes were processed during the ProSUM project. Table 1 provides an overview of the data
points created from sources used in ProSUM to denote the overall coverage. Data availability
is relatively good for the amounts of products placed on the market, in-stock and generated
waste as well as lifetimes, while there are significant gaps in the data for product weights and
compositions, collected waste and other whereabouts of generated waste. Important to note is
also that this coverage is not the same for each sector.
One of the main difficulties of bringing together product composition data from different
sources lies in the fact that they refer to different lists of components and materials and use
different levels of detail to describe products. The consolidation of data was therefore handled
separately for each product (or product group) and involved a careful trade-off between
utilising as much of the available data as possible and simultaneously retaining and
harmonising to a useful level of detail” (Huisman et al. 2017b). In the ProSUM project, data
regarding actual recycling and recovery rates for individual elements was outside the scope of
the project. Combined with large data gaps for collection and trade (import and export of used
and products), such information is both scarce and relevant as it determines the final material
efficiencies over the entire product life-cycle and for instance also for the measuring of actual
Circular Economy indicators in the long run.
End-users tap into the data in the Urban Mine Platform (UMP). Access to data in the UMP is
arranged via nine main pages (accessed through tiles), for EEE, vehicles and batteries for the
Urban Mine (POM, stock and waste generated), composition, and waste flows. The "Urban
Mine" and "composition" charts cover the years for:
 EEE: Between 2000 and 2020, with the data shown for the years 2016-2020 being forecasts.
EEE “Waste flows” charts only cover the years between 2010 and 2015.
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ELV: market input, stock and waste generated potential is for 2001 – 2020. For waste
generated the data available is for 2005-2020, with 2015 as the first forecasted year for all
graphs.
BATT: Here the data for market input is for 2000 to 2015 and the stock and waste generated
amount are projected in addition until 2020.
Table 1: Data availability and coverage per waste sector (Huisman et al. 2017b) evaluated in
ProSUM
Data type

BATT

19,364 records:
29% of data points are
Products
placed
on considered original. Gaps
market (POM) related to national data and
years before 2011
819 records based on
Product
market
statistics
and
Average
sampling
Weight
Lifespan
information

Composition

1,248 records, 51% based
on age determination of
collected waste batteries
272 records
Data for 17 electrochemical
systems (subkeys), not
differentiating time and
regions

2x
26,000
computed
records, plus measured data
Stock/ Waste
for some countries and
Generation
years on stocks of batteries
in pieces per household
Waste collected 1,356 records in tonnes per
country, year and battery
and reported
family (key)
Some data on percentage of
‘Other’
batteries
in
residual
whereabouts
Theft and parts household waste (%), no
data on other whereabouts
harvesting

ELV

EEE

9,702 reported records 43,507 records:
plus 4,158 computed 33% of data points are
projected records
considered original. Plus
external sources
26,460 actual records
(stock information) and
11,340
computed
records
26,460 actual records
(stock information) and
11340
computed
records
1,764 records
Data for 28 elements
over 63 vehicle keys

2,750 records:
compared with product
register data based on
millions of data points
108 records:
based on extensive multivariate stock and flow
modelling
Cat. I, C&F: 4,680 records
Cat. II, Screens: 5,460
records
Cat. III, Lamps: 3,016
records
Cat. IV, LHA: 10,868
records
Cat. V, SHA: 14,820
records
Cat. VI, IT: 4,662 records
23,000
of
which 2x 54 million records:
11,000 are computed
computed

450 records (28+2 1,080 records
countries and 15 years) (2010-2015, 6 collection
categories, 30 countries)
600 records (28+2 6,630 records:
countries and 20 years) Based on 665 original data
points/ sampling
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1.2.2 Data collection methods
A thorough literature review and research is done in order to compile all reporting practices as
well as data collection methods that Member States and other institutions use in order to report
data to Eurostat and other data holders. Furthermore, based on the work resulting from EU
projects (e.g. ProSUM) and relevant activities identified in WP5 by means of analysing the
outcomes of the mapping exercise and shortlisting of project, followed by indicating key pieces
of information available in the specific project website and deliverables, a data collection
inventory is created.
1.2.3 Identification of data gaps
In order to make a homogenous assessment of data gaps in available data sources and their
reporting practices among all working groups (BATT, ELV, WEE & MIN & WEEE), a
standard definition of the criteria assessment was done. The assessment criteria used in this
deliverable are defined as follows:
Completeness: How data is reported and by whom. Assessment on whether the data reported
has enough information (including methodology and quality reports) over time to fully
represent the requirements of Eurostat. In case there were requests for clarification by Eurostat
evaluate if they were sufficiently fulfilled or not.
Interoperability: The ability to evaluate if the data provided (e.g. from different providers,
databases, across Member States and Eurostat) is sufficiently harmonized and uses the same
collection methods procedures that would allow comparison of the data to the corresponding
authorities.
Internal Consistency: The extent to which the dataset, data provider or reporting entity uses
the same procedures, methodologies and definitions within its datasets. In the case quality
reports are provided consistency over time would also be analysed.
Timeliness: Assessment in time when Member States started reporting data, number of years
they have been reporting data and gaps in reporting practices should be taken into account. In
addition, an assessment of whether Member States have reported on time their practices.
Spatial coverage: It implies data reporting practices in a country or across all 28 Member
States of EU1, plus Switzerland and Norway.
Transparency of data collection methods: A high uncertainty will describe ambiguous and/or
unknown information regarding data reporting practices across Member States and per Member
State.
Level of detail of data reported: level of detail of data reported within the scope of ORAMA,
evaluates the depth of reporting practices. In the case of this deliverable, the level of detail of
the reporting data methods would be evaluated as:

1

Austria (AUT), Belgium (BEL), Bulgaria (BGR), Cyprus (CYP), Czech Republic (CZE), Germany (DEU),
Denmark (DNK), Spain (ESP), Estonia (EST), Finland (FIN), France (FRA), United Kingdom (GBR), Greece
(GRC), Croatia (HRV), Hungary (HUN), Ireland (IRL), Italy (ITA), Lithuania (LTU), Latvia (LVA), Malta
(MLT), the Netherlands (NLD), Poland (POL), Portugal (PRT), Romania (ROU), Slovakia (SVK), Slovenia
(SVN), Sweden (SWE)
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Table 2: Criteria for defining level of data reported for BATT, ELV, WEEE and MIN
Level
of Assessment
detail
reported
High level of detail of reporting practices per Member States for the corresponding
High
time frame. This includes:
BATT: Primary and secondary batteries are distinguished, and at least two of the
following information categories are provided in the data reporting:
- Chemical Type
- Battery Types EWC Codes
- Weight groups
- Batteries embedded in EEE
ELV: Reporting per vehicle type (defined at least by the following characteristics:
mass, engine size and drivetrain type)
WEEE: data reporting for all UNU Keys of WEEE or product level, complementary
flows2, composition, and waste generated among others.
MIN: Reporting per following deposit level MIN properties: spatial occurrence, type,
storage, amount, composition (chemical content) and environmental impact
Reporting practices per Member States are not presented in a great level of detail
Moderate
(see high level of detail) but are not as well presented in an appropriate time frame.
This will also include the following criteria:
BATT: Primary and secondary batteries are distinguished, and at least one of the
following information per categories is provided in the data reporting for POM and
Collection:
- Chemical Type
- Battery TypesEWC Codes
- Weight groups
- Batteries sold in EEE
If very detailed information is provided on the Chemical Subgroups only, the level
of detail may be considered as moderate or high.
ELV: Reporting only by one characteristic of vehicles (e.g. mass, engine size or
drivetrain type).
WEEE: All WEEE EU-10 categories are somehow distinguished, and at least one of
the following information for a country is provided in the data reporting according
to the WEEE Directive:
- Frequent reporting
- Quantification of WEEE in mixed municipal waste
- Quantification of metal scrap
- Quantification of scavenged components
- Quantification of WEEE exports
- Quality reports
MIN: Reporting per Spatial occurrence, Type and Resource (when the mine was
active).
Low

Incomplete reporting, Infrequent and limited information of reporting practices per
Member States. This will also include:

2

Complementary flows mainly refer to all waste flows that are not reported by the official compliance systems and others to
a national level specified according to the ELV, BATT and WEEE Directives. A certain portion of these flows ends up being
exported, incinerated or landfilled. The term also includes non-compliant treatment like recycling with other waste streams,
for instance with mixed metal scrap. The amount of WEEE and BATT treated this way is very difficult to quantify.
(ProSUM Deliverable 3.2)
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BATT: No details on chemical subgroups, Battery Types, distinction between
primary /secondary batteries or EWC Codes is provided in the data reporting for
POM and battery Waste Collection.
ELV: No classification of different types of vehicles.
WEEE: Data reporting practices are provided for all EU-10 categories of WEEE and
are clearly distinguished from one another. In addition, it should provide at least 3 of
the following in a country:
- Product composition in a flow
- Quantity of EEE placed on the national market, by weight per category
- Quantity, by weight, of waste of EEE separately collected, recycled (including
prepared for re-use), recovered and disposed of within the Member State or shipped
within or outside the Union per category
- Quantification of WEEE in mixed municipal waste
- Quantification of metal scrap
- Quantification of scavenged components -Quantification of WEEE exports
- Collection category composition in a flow (POM, Collected or Waste Generated).
- Reporting period
- Waste treated in the Member State, in another Member State and outside the
European Union.
MIN: Only spatial occurrence is reported, no further classification.

This updated content from the previous deliverable (D2.1) contains the identification and
inventory of key data providers, main data gaps and barriers on the presence of secondary raw
materials for the most relevant waste streams. In the following chapters a thorough inventory
of data collection practice is made done, followed by an assessment of the data collection
methods and reporting practices for all of the waste groups:
- For batteries the information is found respectively in the Sections 2.1, 2.2 and 2.3.
- For vehicles the information is found respectively in the Sections 3.1, 3.2 and 3.3.
- For EEE the information is found respectively in the Sections 4.1, 4.2 and 4.3 and for
PV panels in Section 4.3.5.
- For MSCRAP the information is found respectively in the Sections 5.1, 5.2 and 5.3.
- For MIN the information is found respectively in the Sections 6.1, 6.2, 6.3 and 6.4.
1.2.4 Inventory recommendations
The extension of the Deliverable 2.1 towards this Deliverable 2.2 contains three additional
steps as highlighted in Figure 2. The first step for deriving prioritised recommendations the
inventory of all existing recommendations from key sources, projects and stakeholders.
For Batteries, this inventory is made in Section 2.4.1. In comparison to WEEE, the
harmonisation of data across all stock and flow stages is less developed. Here, several reports
published elaborate recommendations used for the analysis here, including the ProSUM project
(Downes 2017; Huisman et al. 2017b), the EPBA report: (Perchards study on behalf of EPBA
2017) and the Eunomia report (Hogg et al. 2017) as well as those from the SCRREEN project
(Landerberger et al. 2018).
For vehicles, the inventory is made in Section 3.1, differentiating between the most relevant
national and EU sources as well as the listing of key projects containing more information. For
the EU sources, Eurostat, ACEA, UN Comtrade, IMDS, IDIS and the DAT Group/Auto-i-Dat
are used as the most relevant ones.
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For WEEE, Section 4.4.1 describes the inventory of all relevant recommendations. Key sources
here are the CWIT report (Huisman et al. 2015), focusing especially also on legal framework
related recommendations, the ProSUM reports (Downes 2017; Huisman et al. 2017b) and the
Eunomia report on WEEE reporting (Hogg et al. 2017).
For MIN, Section 6.5 provides overview of the main sources of recommendations are the
previous ProSUM project (Downes et al. 2017), The SCRREEN project (Ladenberger et al.
2018), the COST MINEA action developing the specifications for Anthropogenic Resources
under the UNFC (Kral 2018; Kral et al. 2018), the MFA oriented MinFuture project (Allesch
et al. 2017) as well as from (the application developed) by the SmartGround project (Dino et
al. 2017; Valjus et al. 2017).
1.2.5 Proposed strategies
To ensure consistency in the approach for all waste groups, the list of recommendations from
the previous step are converted into possible strategies. The following categories of follow-up
actions or strategies are proposed for all of the contributions:
1. Classifications: First of all, the improvement of harmonisation across member states,
product and waste stages in the life-cycle can be realized by improving existing
classifications and subsequently stimulating and applying these in reality. This first
category obviously particularly feeds later tasks in WP3.
2. Stakeholder involvement: Closely related to this, improving data collection processes
requires active stakeholder involvement to foster awareness and data provision. This
second category specifically feeds later clustering tasks in WP5 and beyond.
3. Monitoring: Thirdly, improved of monitoring and reporting systems and practices is an
important ingredient to improve data collection on SRM content in all waste sectors.
This third category particularly feeds to the development of guidelines and training
materials in WP4 and beyond.
4. Research: Finally, in many cases where data collection processes and available
information is rather absent, research and supporting investigations as a single occasion
are often essential to make progress beyond the current state-of the-art situation. The
options here are an important basis for the selection of the case studies for the next
deliverable 2.3, the demonstrations in WP3 as well as beyond the scope of this project.
For Batteries, the conversion of the recommendations into proposed strategies merely focuses
on further use of the ProSUM originating classification into other domains and the linkages
with existing industry reporting and collection monitoring in EU member states in Section
2.4.2. For ELV, the proposed strategies are introduced in Section 3.4. For WEEE the same is
done in Section 4.4.2, for PV panels in Section 4.5.2, for MSCRAP in Section 5.4 and finally
for MIN in Section 6.5.2.
1.2.6 Prioritised actions
For all sectors, an overview of prioritised actions recommended is provided in the form of
similar tables. These are converting the strategies of the previous step into a concise description
of the action and the necessary resources needed, stakeholders involved, a description of the
timing, the level of priority and other feasibility challenges and opportunities related to the
actions.
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For batteries, the outcomes are presented in Section 2.4.3, for vehicles in Section 3.4.3, for
WEEE in Section 4.4.3 and Section 4.5.3, for MIN in Section 6.5.3, for MSCRAP there is no
prioritised action proposed. In these Sections, also a further explanation of the selection of case
studies for the next Deliverable 2.3 is introduced.
Finally, main conclusions and recommendation are drawn in Chapter 7.
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2 BATTERIES
The aim of this Chapter is to analyse the current data availability and the collection practices
in all Member States regarding Batteries, by taking inventory of data gaps resulting from
previous and ongoing EU and national projects on secondary raw materials data sets
availability and quality. The research is based on the outcomes of the ProSUM project (Rotter
et al. 2016; Huisman et al. 2017b; Løvik et al. 2017a; Downes 2017; Huisman et al. 2017a;
Chancerel et al. 2017), which released the Urban Mine Platform in January 2018 (ProSUM
2018). Based on the thoroughly structured inventory, the identification of gaps and barriers
against existing and possible best practices is possible.

2.1 Inventory of data sources
The data inventory focusses on following types of data related to the life-cycle of batteries:
1. Amount placed on the market
2. Composition
3. Residence time
4. In-use stocks
5. Waste generation
6. Officially reported waste collection
7. Complementary flows
8. Treatment and recycling, including element specific recycling and recovery rates.
2.1.1 EU level data sources and availability
In this Section, the availability of data centralised at European level is checked. The data may
be available in Eurostat or in the Urban Mine Platform (ProSUM 2018). In general, the lack of
harmonisation of battery classifications make the availability and comparability of data
difficult. Eurostat publishes data on batteries placed on the market and collected as waste only
for portable batteries, without distinguishing the battery chemistries. Other Eurostat data on
recycling distinguish only nickel-cadmium and lead-based batteries. The (UN COMTRADE,
2018) classification distinguishes different chemical families of primary batteries (code 8506)
and of “electric accumulators” (rechargeable batteries) (code 8507). Another classification
system, the United Nations Framework Classification (UNFC, 2018), is under development to
cover Anthropogenic Resources, including consumer goods like batteries. The ProSUM
classification differentiates different dimensions and levels: the application of the battery,
relevant for the weight, form and lifetime of the batteries, and the chemical families and
subchemistries (two levels), that enable to link the flows of batteries to flows of materials.
Placed on the market
Eurostat provides data on the sales of portable batteries and accumulators (“Products placed on
the market”) in tonnes, for the years 2009-2016, for 23 EU Member States in 2016 (Eurostat
2017b). The Eurostat data addresses only portable batteries (no data on automotive and
industrial batteries) and does not differentiate chemistries and applications. In the last years,
the European Commission ordered several studies that assessed, among others, the data on
placed on the market volumes reported to Eurostat, and provide further information (OekoInstitut e.V. 2018; Tsiarta et al. 2015).
The data available on the Urban Mine Platform is based on data provided by the following
organisations:
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Market research institutes like Avicenne (Avicenne 2014, 2012, 2013, 2016, 2015,
2010),
European Portable Battery Association EPBA (Perchards study on behalf of EPBA
2017),
Eucobat, the European association of national collection schemes for batteries (Eucobat
2016)
RECHARGE, the non-profit association representing the interests of the advanced
rechargeable Battery Industry in Europe
National authorities (Belgian national authorities 2014; UBA 2017; ADEME 2016; UK
Environment Agency 2016; INOBAT 2016)
European Power Tools Association (EPTA) (EPTA 2015)
EV-Volumes (Irle et al. 2016)
International Council on Clean Transportation (ICCT 2016)
CONEBI (CONEBI 2016)

Avicenne (2016) estimates that whereas electronic devices accounted for 50% of the sales of
lithium-ion batteries in 2015, the largest application is expected to be electric mobility in 2025
with a share of 56%. This is in line with the estimates of Thielmann et al. (Thielmann et al.
2012), who expect that, depending on the scenario and its underlying framework conditions,
between 50% and more than 70% of lithium-ion batteries are expected to be used in electric
mobility applications in the next 10 years, alongside stationary applications and mobile or
portable electronic products. The literature clearly states that Li-ion technologies have the most
competitive position in electric mobility and that this is not expected to change before 2025.
Because of the prevalence of the electric vehicles on the market and the dominating use of
CRMs in EV-batteries (lithium-ion batteries), a special focus is set on electric vehicles in this
deliverable.
The data available on batteries in Eurostat do not cover industrial batteries, to which batteries
in electric vehicles belong. Some data are available in Eurostat on vehicles using “alternative
fuel” (Eurostat 2018). As explained in Section3.2.4, the latest Harmonized System (HS)
classification of Comtrade includes since 2017 separate data on hybrid electric vehicles (HEV),
plug-in hybrid electric vehicles (PHEV) and full battery electric vehicles (BEV).
Two independent sources of data must be combined to get information on the types of batteries
embedded in electric vehicles placed on the market:
1. The number of electric vehicles placed on the market (data sources: EV-Volumes (Irle
et al. 2016), International Council on Clean Transportation (ICCT 2016) and Comtrade
since 2017), which is assumed to be similar to the number of batteries in electric vehicles
placed on the market, because the volumes of batteries sold for replacement are still low
2. The types and weight of batteries used in the electric vehicles. These data are usually
compiled by battery market research institutes like Avicenne (Avicenne 2014, 2012,
2013, 2016, 2015, 2010) or Creation Inn (Creation Inn 2018).
Composition
Composition data is neither available in Eurostat, nor in other centralised databases.
The data used to compile the data in the Urban Mine Platform are published by the battery
industry (Løvik et al. 2017b):
 Batteries Material Safety Data Sheets;
 Handbook of batteries (Reddy und Linden 2011), based on scientific and historical
description of the batteries compositions; and
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 Other published data from the industry including recyclers’ data
Other data on composition are published by universities and research institutes in the scientific
literature (Sommer et al. 2015; ZENG und Li 2014).
Residence time
No data on residence time is available in Eurostat.
The data used in the modelling of the stocks and waste generation available on the Urban Mine
Platform come from:
 Sampling of Eucobat (Eucobat 2017) in six European countries: Belgium, Germany,
Spain, France, the Netherland and Romania
 Expert knowledge from RECHARGE for industrial, automotive and e-bike batteries
Stocks
No data on stocks is available in Eurostat. The data available on the Urban Mine Platform
consist of modelling based on data on batteries POM and residence time.
The results of surveys previously undertaken at a Member State level, usually by market
research organisations, are made available to the ProSUM consortium. The comparison
between measured and modelled stocks also in comparison with the independent approach for
EEE showed a high correlation confirming the accuracy and the credibility of the approach
(Huisman et al. 2017a). Even though standardised consumer surveys would allow for more
precise determination of stocks of WEEE and batteries and for a better understanding of
hoarding, they are only conducted in three Member States.
Waste generation
No data on waste generation is available in Eurostat. No measured data are available, because
the waste generation, defined as the amount of waste products discarded after consumption
within the member state in a given reporting year, prior to any collection, reuse, treatment or
export (Baldé et al. 2015), is complex to measure experimentally. Modelled data are available
in the Urban Mine Platform, calculated using the best available data on POM and residence
time distribution.
Officially reported waste collection
Eurostat provides data on the collection of portable batteries and accumulators (“Waste
collected”) in tonnes, for the years 2009-2016, for 23 EU Member States in 2016 (Eurostat
2017a). The studies conducted on behalf of the European Commission in the past years
assessed also the data on collected waste batteries (Oeko-Institut e.V. 2018; Tsiarta et al. 2015).
Further data complementing Eurostat are available on the urban mine platform, originating
from:
 European Portable Battery Association EPBA (Perchards study on behalf of EPBA
2017),
 The European association of national collection schemes for batteries Eucobat (Eucobat
2016)
 National authorities (Belgian national authorities 2014; UBA 2017; ADEME 2016; UK
Environment Agency 2016; INOBAT 2016)
 For industrial and automotive batteries: Public data available for the UK and France.
The data quality may be low.
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Treatment and recycling
Eurostat provides data on the ‘Recycling of batteries and accumulators’ for lead, nickelcadmium and “other” batteries, including the figures ‘input fractions to the recycling process’
and ‘recycling’ for Ni-Cd, lead and other batteries, as well as ‘recycling of lead content of
batteries’ and ‘recycling of cadmium content of batteries’ (Eurostat 2017a). The ‘ultimate’
actual element specific recovery rates (Recycling Output Rate) are not available in reported
statistics. The scope of the Urban Mine Platform does not cover the treatment of collected waste
batteries, hence no data is available from that source.
Complementary flows of waste batteries
Complementary flows refer to the flows of batteries that are collected and treated with other
waste streams. This type of treatment does not always meet the same efficiency and treatment
standards as the officially reported amounts and is financed via other (mainly market)
mechanisms (Baldé et al. 2015). No data on complementary flows is available in Eurostat.
Some sampling results of municipal solid waste in the UK, Belgium and the Netherlands. These
data are not available on the urban mine platform.
Very limited data are available on batteries disposed of in WEEE and ELV. It is a requirement
that batteries embedded in WEEE and ELVs are separated at treatment facilities and sent for
recycling. Organisations collecting batteries are often not able or willing to identify the share
of waste batteries removed from WEEE in total collection volume (Perchards study on behalf
of EPBA 2017). Public and confidential data from organisations suggest the share of batteries
removed from WEEE is on average 7% in the 19 countries investigated by EPBA (Perchards
study on behalf of EPBA 2017), and ranges from 1% to 20%.
2.1.2 National data sources and availability
The national authorities of some EU Member States provide data on batteries placed on the
market and officially collected with a higher level of details than the data published by
Eurostat (Belgian national authorities 2014; UBA 2017; ADEME 2016; UK Environment
Agency 2016; INOBAT 2016). Also the reports published by EPBA (Perchards study on behalf
of EPBA 2017) and Eunomia (Hogg et al. 2017) describe with more details the methods used
in the different EU Member States to collect and report the data. Some countries and national
organisations collecting waste batteries collect data on the volumes of waste batteries collected
with WEEE and sorted in WEEE treatment facilities, as shown in the EPBA report (Perchards
study on behalf of EPBA 2017).
Some countries providing data on ‘recycling of batteries and accumulators’ for lead, nickelcadmium and “other” batteries, including the figures ‘input fractions to the recycling process’
and ‘recycling’ for Ni-Cd, lead and other batteries, as well as ‘recycling of lead content of
batteries’ and ‘recycling of cadmium content of batteries’ to Eurostat may publish them in
national reports. For some years and countries, the reports of national authorities or national
organisations contain e.g. a list of secondary resources produced by the recycling of different
types of batteries (ADEME 2016; GRS Batterien 2015).
Table 3 shows the availability of data for the different flows, stocks and countries.
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Table 3: Overview of the data availability per country, obtained from national and European data sources

Put on the market
Portable

Automotiv

2
X

3
X

4
X

5
X

X
X
X

X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X

X
X

X
X

X
X

EU28

Europea n Uni on

1
X

AUT
BEL
BGR
CYP
CZE
DEU
DNK
ESP
EST
FIN
FRA
GBR
GRC
HRV
HUN
IRL
ITA
LTU
LUX
LVA
MLT
NLD
POL
PRT
ROU
SVK
SVN
SWE

Austria
Belgium
Bulgaria
Cyprus
Czech Republic
Germany
Denmark
Spain
Estonia
Finland
France
United Kingdom
Greece
Croatia
Hungary
Ireland
Italy
Lithuania
Luxembourg
Latvia
Malta
Netherlands
Poland
Portugal
Romania
Slovakia
Slovenia
Sweden

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

CHE
NOR

Switzerland
Norway

X
X

Data source

Lifespan

Portable

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X

Stocks

Gen.

Indu- Extrap Mea- Model- Mea- Mode
strial olated sured
led
sured l-led

6

X

X

X

X

X

7
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

8

X

X

X

COLLECTION
Officially reported collection

7

2
X

9
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X

X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X

X
X

X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X

10

11

Complementary

12

13
X

X

X

X
X

X
X

X
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X

data available

Mass and specification of
waste

X

data quality may be low

X

no data available

2
X

2

2

2

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X

X
X

X
X

X
X
X
X
X
X
X

X
X
X
X
X
X
X

X

X

X
X
X
X
X

X

X
X

X
X

X
X

X
X

X
X
X

X
X
X

X
X
X

X

X

X

X

X
X
X
X
X

X
X

X
X
X
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Data sources
1
2
3
4
5
6
7
8
9
10
11
12
13

Market research institutes like Avicenne, EPBA, National authorities, compliance schemes, Eucobat,
EPTA - data available on the Urban Mine platform
Eurostat, data for 2016: http://ec.europa.eu/eurostat/data/database?node_code=env_wasbat
Market research institutes like Avicenne, ICCT, national authorities, compliance schemes, Eucobat data available on the Urban Mine platform
Market research institutes like Avicenne, national authorities, compliance schemes, Eucobat, Eurobat,
ICCT, EV-Volumes, CONEBI - data available on the Urban Mine platform
Data available to the developers of the Urban mine platform, based on the Eucobat data, to calculate
the stocks and waste generation.
Sampling of Eucobat in the frame of the study "How battery life cycle influences the collection rate of
battery collection schemes." (2017)
Data generated by the stocks and flows model of the ProSUM project and published in the Urban mine
platform
Compliance schemes
EPBA, National authorities, compliance schemes, Eucobat
National authorities, compliance schemes, Eucobat
National authorities, compliance schemes, Eucobat
National authorities, compliance schemes
Data from EPBA
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2.1.3 Relevant projects
The list of projects is aligned with the mapping done for WP5. Task T5.2 of WP5 will provide
a detailed analysis on how projects mapped in T 5.1 will provide input to ORAMA. Further
information on the contributions from other projects to ORAMA will appear in D 2.2.










ProSUM: Prospecting Secondary raw materials in the Urban Mine and mining waste
(http://www.prosumproject.eu/, H2020: 2015−2017)
CoLaBATS: Cobalt and Lanthanide Recovery from Batteries (http://www.colabats.eu/,
FP7)
CloseWEEE: Closing the loop of post-consumer high-grade plastics, advanced recovery of
critical raw materials antimony and graphite (http://closeweee.eu/, H2020). One
demonstrator aims at reducing the losses of Co and graphite during treatment of waste Liion batteries
CIRCULAR IMPACTS: The project “Measuring the IMPACTS of the Transition to the
CIRCULAR Economy” has a case study ‘Circular economy perspectives for future end-oflife EV batteries’ (/www.ecologic.eu/14073, H2020)
BATRe ARES: Battery Recycling – Achieving Rare Earth Separation Project (www.eralearn.eu/network-information/networks/era-min/the-third-era-min-joint-call-2015/batteryrecycling-2013-achieving-rare-earth-separation, ERA-MIN)
BioFlex Flexible:
Biometallurgy
Infrastructure
and
Expertise
network
(https://eitrawmaterials.eu/project/bioflex/, EIT Raw Materials)
HYDROWEEE DEMO: Innovative Hydrometallurgical Processes to recover Metals from
WEEE
including
lamps
and
batteries
–
Demonstration
Project
(http://www.4980.timewarp.at/sat/hydroWEEE/, FP7: 2012-2017)
LEFAPO. Lead free automotive SLI power
(https://cordis.europa.eu/project/rcn/200122_en.html; H2020, 2015 - 2018).

Internal activities at the European Commission:
1. The Joint Research Center published the report ‘Lithium ion battery value chain and
related opportunities for Europe’ in 2017 (Lebedeva et al. 2017)
2. The JRC ‘Analysis of material efficiency aspects of personal computers product group’
(Tecchio et al. 2018) covers environmental impacts, precious metal content and analysis
of end-of-life for batteries in notebooks, tables and desktop computers such as recycling
and recovery of CRMs.
3. The report “Cobalt: demand-supply balances in the transition to electric mobility”
(Alves Dias et al. 2018) investigates quantitatively the expected demand for cobalt for
electric vehicles, the supply risks and the possible actions to bridge the gab between
supply and demand.
Some studies related to electric vehicles listed in the Section 3.1.3 are also relevant for batteries.

2.2 Data collection methods
Section 2.1 gives an overview of the data sources needed to describe the SRM in batteries. In
this Section, the focus is to describe the data collection methods, beyond the inventory of data
presented in Section 2.1. This will be done for almost the same stocks and flows stages as in
chapter 2.1., namely batteries placed on the market, officially reported collection, composition,
stocks, complementary flows, as well as treatment and recycling of batteries. Battery waste
generation is not assessed because it is hardly experimentally measurable. A special focus is
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set on batteries from electric vehicles, which are expected to contain in the future the largest
part of the CRM embedded in batteries.
The intention behind describing the methods of collecting data in the EU Member States is to
support the development of specifications for data needs, sample sizes, meta data descriptions
and costs for sampling to improve battery data quality.
2.2.1 Officially reported portable batteries placed on the market and waste
collection
Each Member State (MS) has an own type of data collection and verification system in place.
Eurostat provides MS with a set of guidance documents in an effort to assist them on their
battery data reporting: 1) ‘How to report Data for Directive 2006/66/EC and Commission
Regulation 493/2012 on batteries and accumulators’, which outlines general practical advice
on deadlines and how to use the web portal eDAMIS and 2) ‘How to report for Directive
2006/66/EC and Commission Regulation 493/2012 on batteries and accumulators’ on the
methods used to gather the data. However, those quality documents still leave much room for
different interpretations of the reporting requirements, which, according to Hogg et al. (2017)
might be one reason for the lack of harmonization and resulting in inconsistencies of reporting
between MS.
Each MS submits a quality report to Eurostat together with the reported data. The quality
reports are not publicly available, although some Member States agree to make their report
available to the Technical Adaptation Committee (TAC) via the platform ‘Communication and
Information Resource Centre for Administrations, Businesses and Citizens’ (CIRCA BC).
After receiving the data and quality reports, Eurostat performs a validation process by reading
and cross checking the quality reports, checking for instance if compliance targets are met, if
the data is complete and if there are deviations of the overall mass balances. Clarification
requests are sent out in case the data reported is showing deviations and the quality reports
cannot provide sufficient explanations. Sometimes, MS are asked to update or re-calculate the
data submitted. Answers to the clarification requests or revised data documents as requested
by Eurostat are not always provided by all MS, as Hogg et al. (2017) point out in their report
for DG Environment.
Data from EPBA (Perchards study on behalf of EPBA 2017) has been combined with the
outcomes of the Study on Waste Statistics by Eunomia for DG Environment (Hogg et al. 2017)
to compare the main characteristics of the different reporting methods used by the MS on
batteries placed on the market (POM) and batteries officially collected. The internal procedures
of performing the data collection as well as the individual reporting methods adopted and
validation mechanisms in place are different across MS. These differences revolve around the
type of actors involved, internal cross-checking, cooperation with other waste sectors and
reviewing of the datasets before being sent to Eurostat. Figure 3 illustrates the necessary steps
and the corresponding data sources needed in order to calculate the collection rate of batteries
adequately.
Main data sources for calculating the collection targets in each MS consist of:
- Sales data on portable batteries placed on the market (POM)
- Batteries imported from another country
- Collection of portable batteries POM
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Figure 3: Overview of Reporting Steps on Waste Batteries (Hogg et al. 2017)

In addition to the mandatory statistical data, all Member States need to submit a quality report
and mandatory compliance reporting, which consists of an annual methodological report on
how the data was obtained to Eurostat as well as a 3-yearly implementation report. The
statistical data is submitted electronically via the EDAMIS web-portal, the quality report must
be sent to Eurostat using a template form, while the implementation plan is sent to DG
Environment as a template questionnaire every 3 years (Hogg et al. 2017).
Internal verification processes are different across MS. Once submitted, Eurostat conducts
another verification process where sometimes requests for clarifications are send to members.
As mentioned before, the method to gather the data, as well as the level of detail in which data
are collected varies considerably across MS. Besides the lack in harmonization of data
gathering methods, there are also several difficulties and potential error sources when MS
compile their raw data, which will be discussed in more detail in Section 2.2.5.
The Eunomia report (Hogg et al. 2017) provides an overview of the battery reporting on POM
and collected batteries of EU Member States and gives a first indication of the different
methodological approaches used. The year in which MS started their data reporting varies
between from 2000 until 2011. The level of detail that Member States collect and publish their
POM and collection figures also varies significantly (see also Section 2.2.5.6 in more detail).
Some MS give indications on the Batteries from WEEE, which indicates that in some cases
internal cooperation between WEEE and battery compliance systems is taking place.
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Table 4: Overview of the different reporting methods used for data on POM and Battery Waste Collection
Country
Austria
Belgium
Bulgaria
Croatia
Cyprus

Country
Codes
AUT
BEL
BGR
HRV
CYP

Data
submitted
for 2014
yes
yes
yes
yes
no

Method submitted
for 2014
yes
yes
yes
yes
no

start
collection
2000
2000
2010
2007
2009

Czech Republic

CZE

yes

yes

Denmark

DNK

yes

no

Estonia

EST

yes

Finland
France

FIN
FRA

Germany

Batt
from
WEEE
5% (2010)
9% (2015)
n.a.
n.a.
3% (2013)

POM Reporting Detail

Collection Reporting Detail

Volume
prim/sec, ChemTypes,Bat sold in EEE
ChemTypes
n.a.
units, weight groups

Volume
prim/sec, ChemTypes, Bat sold in EEE
ChemTypes
n.a.
ChemTypes

2003

5% (2015)

ChemTypes , BatType

ChemTypes

2004

4% (2013)

ChemTypes, BatType

ChemTypes

yes

2009

6% (2013)

BatType,prim/sec

prim/sec, ChemType

yes
yes

yes
yes

2009
2005

n.a.
7.9% (2015)

ChemTypes
ChemTypes

ChemTypes
ChemTypes

GER

yes

yes

2000

29% (2012)

Greece
Hungary
Iceland

GRC
HUN
ICE

yes
yes
yes

yes
yes
yes

2005
2006
2007

1-2%
n.a.
4% (2012)

(detailed)
ChemTypes,
BatType
prim/sec
prim/sec, ChemTypes
n.a.

Ireland

IRL

yes

yes

2009

7%(2014)

ChemTypes/BatType

ChemTypes/BatType

Italy

ITA

no

no

2011

18% (2014)

ChemTypes, prim/sec

volume

Latvia

LVA

yes

yes

2011

n.a.

ChemTypes/BatType

ChemTypes/BatTypes

Lithuania

LTU

yes

yes

2004

n.a.

11 ChemTypes, EWC

EWC

Luxembourg

LUX

yes

yes

2006

5% (2012)

ChemTypes, Batt sold in EEE, BatType

prim/sec,ChemTypes, Battype

Malta

MLT

yes

yes

2011

0,02% (2011)

ChemTypes, prim/sec

volume

Netherlands

NLD

no

no

2001

18% (2014)

ChemTypes, BatWeight

Volume

Norway

NOR

yes

no

2001

32% (2013)

BatTypes

volume

Poland

POL

yes

yes

2003

1% (2012)

ChemTypes

volumes, EWC

Portugal

PRT

yes

yes

2004

n.a.

n.a.

EWC codes

Romania

ROU

no

no

2010

n.a.

BatType, ChemTypes

Battype, ChemTypes

Slovakia

SVK

yes

yes

2010

n.a.

ChemTypes (EWC), BatType (Port&Ind)

Units, ChemType,Batype (ind)

Slovenia

SVN

yes

yes

2009

3% (2012)

prim/sec, ChemTypes

prim/sec

Spain
Sweden

ESP
SWE

no
yes

yes
yes

2009
2007

n.a.
15% (2012)

Volumes
ChemTypes, Batt sold in EEE

volumes
ChemTypes/BatTypes

Switzerland

CHE

yes

yes

2000

5% (2012)

ChemTypes (7), Batt sold in EEE

ChemTypes (7)

United Kingdom

GBR

yes

no

2010

2% (2011)

ChemTypes (3 groups)

ChemTypes (3)
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2.2.2 Batteries in electric vehicles
As explained in Section 0, two independent sources of data must be combined to get
information on the types of batteries embedded in electric vehicles placed on the market: the
number of electric vehicles placed on the market and the types and weight of batteries used in
the electric vehicles. This exercise was conducted by computing in the frame of the ProSUM
project and the outcomes published in the Urban mine platform. Measured data are not
available.
No data are available on collection of waste batteries from electric vehicles. So far, the
collection and reporting of these data are not required by the legislations on batteries and
vehicles, as batteries of electric vehicles are classified as industrial batteries. This may change
with the implementation of the new Batteries Directive, which is currently under revision.
2.2.3 Composition
The data on composition used in the Urban Mine Platform are published by the battery industry
(Løvik et al. 2017b), for instance in the form of Batteries Material Safety Data Sheets (MSDS).
They rely on technological knowledge on the physics of the batteries and on data from the
manufacturing processes. MSDS are part of the requirements defined in the art of the REACH
Regulation (EC) No 1907/2006. According to the document “Guidance on the compilation of
safety data sheets” released by the European Chemicals Agency (ECHA, 2015), safety data
sheets are required to contain information, including percentages by mass or volume or ranges
of percentages, on the main constituent of the substances used in the mixtures, and on any
impurity, stabilising additive, or individual constituent, which is itself classified and which
contributes to the classification of the substance mixture. There is not a standardized method
on how to determine and update the compositional data on batteries. The composition data in
the Urban Mine Platform are not based on samplings or verified in sampling campaigns and do
not cover temporal and geographical variations. They do not cover trace and critical elements
and battery electronics.
2.2.4 Stocks
Besides the quantification of stocks by modelling based on the volumes of batteries placed on
the market and their lifetime distribution, some compliance schemes in Belgium, the
Netherlands and France conduct periodically surveys to quantify the numbers and types of
batteries in stocks in the households. These surveys are usually conducted online.
Stakeholders that conduct stocks surveys are contacted to discuss the survey method and the
option of expanding them to other countries. So far, the used method and questionnaires are
not publicly available. Copyrights issues first need to be solved, to make sure that the developed
method and questionnaires can be used by the ORAMA research team for a case study or to
formulate recommendations for data collection and reporting.
2.2.5 Waste batteries in municipal solid waste
The measurement of the weight and, if possible, the type of batteries present in MSW require
the sampling and sorting of waste. In this sense, the Standard Test Method (ASTM D5231 - 92
2016) (ASTM D5231 - 92 2016) is made available for an harmonised determination of the
composition of unprocessed Municipal Solid Waste (MSW). The standard provides a method
for the selection and manual sorting of waste samples, considering the source and seasonal
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variation of waste, as well as a list of waste component categories and category definition.
Some of the available studies use the standard, most of them do not and are only available in
the national language.
The battery compliance scheme Bebat conducts periodic sampling of MSW in Belgium. In the
UK, periodical studies commissioned by Defra combine the results of numerous analyses of
MSW, using a consistent methodology to enable the comparability of the results (Defra 2012)
(Defra 2008), using an harmonised classification of the components of MSW. Batteries are
explicitly named in the primary level category “hazardous”.In general, the results of the studies
are not collected and assessed at European level, and the data collection methods are not
harmonised at all levels: sampling, analysis, categorisation of the waste components. Batteries
are usually one of the listed components of MSW. Usually, no further classification enables
the differentiation of the different types of batteries.
Stakeholders were contacted to discuss the MSW sampling method and the possibilities of use
them in further countries. So far, the used MSW sampling and analysis method is not publicly
available. Copyrights issues first need to be solved, to make sure that the developed method
can be used by the ORAMA research team for a case study or to formulate recommendations
for further sampling.
2.2.6 Treatment and recycling
The data on treatment and recycling from batteries are usually provided by recyclers and
treatment plants. The data are used to calculate recycling efficiencies. Detailed rules regarding
the calculation of recycling efficiencies for waste batteries and accumulators are set by the
Commission Regulation 493/2012. Some countries report flows of collected batteries that are
fed to recycling inside and outside the country, other countries report only the batteries recycled
within the countries, which result in inconsistencies and possible double counting. For most
countries, the Eurostat data on “recycling of batteries and accumulators” reflect the collected
volumes (Rotter et al. 2016).
A consistent definition of the product scope is not given for the key “battOther”, in which, in
some countries, batteries may be accounted that should be allocated to the other BATT keys.
Limitations to the temporal representativeness are timing issues, because some collected waste
batteries are stocked before being recycled, which can affect the year in which they are
accounted in the reporting. Limitations to the geographic representativeness are exports issues,
since waste batteries may be treated in another country.
According to the Batteries Directive, battery recycling companies are required to collect data
to calculate the recycling efficiency: the quantity of input waste batteries sorted/treated, the
output (sorted fractions and/or products) and the composition of the fractions. Some of these
data were published in the past (GRS Batterien 2015; ADEME 2016), showing the amount of
secondary resources produced by BATT recyclers. However, most data are unpublished and
confidential.
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2.3 Assessment of data sources and major data gaps
The assessment of the data sources is conducted according to the assessment criteria defined
for all product groups.
2.3.1 Portable batteries placed on the market and officially reported waste
collection
The BATT Directive does not provide legally binding requirements on the data collection
methods, for instance on the level of detail in the reported data to Eurostat, nor on the structure
of the methodological reports that needs to be submitted. The Eunomia Report also criticizes
that certain wording in the guiding documents should be stricter to prevent too much room for
interpretation. For reporting of the POM numbers for instance, calculation should be based on
“collected data or statistically significant estimates based on collected data”3. Introducing the
option of using estimates, comes at a risk of compromising the data quality level. Furthermore,
if statistically significant is not further defined, the wording leaves much room for
interpretation, which is likely leading to diverse data quality level across MS.
The lack of a mandatory verification process and minimum data check-up requirements at MS
level before submitting the data also remains a problem for reliable battery data across the EU.
Consequently, the data reporting practices and methods of EU Member States reveal significant
inconsistencies which leads to the assumption that the data reporting on the European level
could be optimized towards a more reliable and harmonized information base on the flow of
CRMs from batteries.
- Completeness: Five Member States did not fulfil their mandatory data reporting obligations
to the EC for the year 2014, while seven members did not submit their methodology reports on
how data has been compiled (Hogg et al. 2017). Table 5 indicates numerous data gabs across
EU Member States in form of missing quality reports or methodological reports.
- Interoperability: Most countries report batteries collected from WEEE separately as
requested, however the reporting accuracies often suffer from non-alignment of different actors
responsible and indicate large country differences (from 0,02% to around 20% collection rate).
A large problem remains the differentiation between battery types “portable” and “industrial”.
In most cases a weight threshold is applied, however varying between 1-3 Kg.
- Consistency: Consistency in the data reported across MS is lacking, which not only creates
disadvantages to stakeholders relying on the Eurostat database, but inconsistent data might also
create barriers for future recovery of CRMs from batteries. Lack of clear guidelines on how to
report battery data as well as lack of harmonisation between members could be some reasons
for these variations.
- Timeliness: The year in which the Member States started reporting data on batteries varies
between the year 2000 for Austria, Belgium, Germany and Switzerland and the year 2011 like
Italy, Malta and Latvia (Figure 4).

3

Commission Decision of 29 September 2008, pursuant to Directive 2006/66/EC of the European Parliament
and of the council, a common methodology for the calculation of annual sales of portable batteries and
accumulators to end-users.
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Figure 4: Start of the reporting of data on batteries to Eurostat

- Spatial Coverage: All 28 Member States, as well as Switzerland, Norway and Iceland, collect
and report data.
- Level of detail of data reported: For POM numbers, countries like Belgium and Luxembourg
distinguish between primary and secondary batteries, gather data on the chemical types and
whether a battery is sold in EEE or separately. In Cyprus, batteries are categorized into weight
groups since producers are importers of EEE and often have no detailed specification of the
batteries types used (Perchards study on behalf of EPBA 2017). Most countries report battery
collected in chemical types, however the range of chemical types varies between 3 (e.g. UK)
and 11 (e.g. Lithuania). In order to assess the level of detail of the information passed to
Eurostat, the reported data is classified into high, moderate and low level of detail. Table 2
provides a definition on what is meant by these classifications, which are aligned with the ones
presented in Table 2 of Section 1.2.3.
The level of detail in the data reporting is crucial for the assessment of the CRM flows in the
Urban mine. For instance, the distinction between primary and secondary batteries is important
since most of the CRMs such as Cobalt can be found in secondary batteries. The same is true
for the chemical types. Providing information on the different chemical types of batteries will
give a good indication of which CRMs are embedded and information not only valuable to
potential recyclers but also to other stakeholders like policy makers.
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Table 5: Level of details of the POM and collection reportings in the Member States (data
extracted from the Perchards study on behalf of EPBA (2017))
Country

POM Reporting

Level of detail
POM

Collection Reporting

Austria
Belgium

Volume
prim/sec, ChemTypes,Bat sold in
EEE
ChemTypes
n.a.
units, weight groups
ChemTypes , BatType
ChemTypes, BatType
BatType,prim/sec
ChemTypes
ChemTypes
(detailed) ChemTypes, prim/sec,
BatType
prim/sec
prim/sec, ChemTypes
n.a.
ChemTypes/BatType
ChemTypes, prim/sec
ChemTypes/BatType
11 ChemTypes, EWC
ChemTypes, Batt sold in EEE,
BatType
ChemTypes, prim/sec
ChemTypes, BatWeight
BatTypes

low
high

low
high
low
high
moderate
moderate
high
high

volume
prim/sec, ChemTypes, Bat
sold in EEE
ChemTypes
n.a.
ChemTypes
ChemTypes
ChemTypes
prim/sec, ChemType
ChemTypes
ChemTypes
(detailed)
ChemTypes,
prim/sec, BatType
n.a.
prim/sec,ChemTypes
n.a.
ChemTypes/BatType
volume
ChemTypes/BatTypes
EWC
prim/sec,ChemTypes, Battype

moderate
moderate
low

volume
Volume
volume

low
low
low

ChemTypes
n.a.
BatType, ChemTypes
ChemTypes (EWC), BatType
(Port&Ind)
prim/sec, ChemTypes
Volumes
ChemTypes, Batt sold in EEE
ChemTypes (7), Batt sold in EEE
ChemTypes (3 groups)

moderate
low
moderate
high

volumes, EWC
EWC codes
Battype, ChemTypes
Units, ChemType,Batype (ind)

moderate
low
moderate
high

moderate
low
high
high
low

prim/sec
volumes
ChemTypes/BatTypes
ChemTypes (7)
ChemTypes (3)

moderate
low
high
high
low

Bulgaria
Croatia
Cyprus
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Iceland
Ireland
Italy
Latvia
Lithuania
Luxembourg
Malta
Netherlands
Norway
Poland
Portugal
Romania
Slovakia
Slovenia
Spain
Sweden
Switzerland
United Kingdom

moderate
low
moderate
moderate
moderate
high
moderate
moderate
high

2.3.2 Batteries in electric vehicles
The outcomes of the assessment of the data on batteries in EV are:
- Completeness: Eurostat makes no specific data on batteries in electric vehicles available.
Some data on »passenger cars with alternative fuel« including all types of electric
vehicles are available in Eurostat. More detailed data are published by private
organisations like market research institutes.
- Interoperability: The different data sources present data with different scopes and
different classifications. The interoperability is limited.
- Internal Consistency: The data are provided by the companies manufacturing batteries
and electric vehicles. The accuracy of the data is unknown.
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Timeliness: Data from private organisations are available from the market introduction
of electric vehicles. The Eurostat data collection started in 2013.
Spatial coverage: Most European countries are covered regarding the sales volumes by
the report of the ICCT (2016) and by the Eurostat data. The data on the types of batteries
contained in electric vehicles do not distinguish the Member States
Transparency of data collection methods: The data are provided by the company’s
manufacturing batteries and electric vehicles. Details on the methods used to collect and
compile the data are not available.
Level of detail of data reported: Moderate. The Battery Electric Vehicle (BEV), Plugin
Hybrid Electric Vehicle (PHEV) and Hybrid Electric Vehicle (HEV) are distinguished,
as well as the main lithium-ion sub chemistries. Low level of detail for the Eurostat data,
who address vehicles using “alternative fuel” in general.

2.3.3 Composition
The outcomes of the assessment of the data on composition are:
- Completeness: Eurostat makes no data on battery composition available. The available
data are published by the battery industry. Data based on samplings of batteries placed
on the market, used or waste batteries are not available. The data do not cover trace and
critical elements and battery electronics.
- Interoperability: The data present the material content in percent or ppm. They are
interoperable.
- Internal Consistency: The methods to determine the composition are usually not
published. Differences in the methods to determine the composition (sampling,
liberation, chemical analysis) may affect the analysis results and limit the internal
consistency.
- Timeliness: temporal variations are not considered
- Spatial coverage: geographical variations are not considered
- Transparency of data collection methods: The methods to determine the composition are
usually not published
- Level of detail of data reported: Moderate. The main sub chemistries are distinguished.
2.3.4 Residence time
The outcomes of the assessment of the data on residence time are:
- Completeness: Eurostat makes no data on residence time available. Data are available
for portable batteries, not for automotive and industrial batteries. The available data are
made available by sampling campaigns conducted by private organisations. Confidential
reports describe the used methodology in detail.
- Interoperability: The residence times distributions are available in years. They are
interoperable.
- Internal Consistency: The data do not consider very old batteries that may not be brought
to waste batteries collection and are therefore not considered in the samplings. This
affects the results and limits the internal consistency by underestimating the average
residence time.
- Timeliness: An extensive sampling campaign was conducted in the year 2015 in 6
countries, a smaller one in 2012 in Belgium
- Spatial coverage: 2015: Belgium (BEL), Germany (DEU), Spain (ESP), France (FRA),
the Netherlands (NLD), Romania (ROU); 2012: Belgium (BEL)
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Transparency of data collection methods: Confidential reports provide detailed
information on the methodology.
Level of detail of data reported: Moderate. Differentiates battery chemistry families and
some portable applications.

2.3.5 Stocks (measured by survey)
The outcomes of the assessment of the measured data on stocks are:
- Completeness: Eurostat makes no data on stocks available. Data are available for
portable batteries, not for automotive and industrial batteries. The available data are
made available by survey conducted by private organisations. Confidential reports
describe the used methodology.
- Interoperability: The survey methods and the classification of batteries are not entirely
harmonised, which limits the interoperability.
- Internal Consistency: The use of different methods may lead to differences in the
batteries that are inventoried in the household stocks during the survey or “forgotten”.
This may affect the results and limit the internal consistency. Because the methods used
for the surveys are not publicly available, the internal consistency can hardly be
assessed.
- Timeliness and spatial coverage: in some countries, data are collected periodically
(every second or third year), Surveys were conducted in 2010, 2012, 2014 in Belgium
(BEL), in 2003, 2006, 2009, 2012 and 2015 in the Netherlands (NLD), and in 2014 in
France (FRA).
- Transparency of data collection methods: The information is available in confidential
reports, not publicly.
- Level of detail of data reported: Moderate. The collected data show a limited
representativeness in terms of applications, battery technologies, countries and years. It
differentiates portable applications and primary/secondary batteries, but not the
chemistries.
2.3.6 Complementary flows of waste batteries: municipal solid waste
The outcomes of the assessment of the data on waste batteries in municipal solid waste are:
- Completeness: Eurostat makes no data on complementary flows available. Some data
on complementary flows are available for waste batteries in municipal solid waste. The
methods used for the sampling of municipal solid waste, sorting of waste batteries and
statistical data analysis are not publicly available. No data are available for batteries
disposed of in packaging and other batteries not properly treated in Member States, and
for batteries collected by manufacturers for replacement, refurbishment or repurposing.
- Interoperability: The sampling and analysis methods are not harmonised, which limits
the interoperability. The scope of the waste sampling may differ (e.g. municipal solid
waste containing or not recyclable packaging materials). The data are collected and used
at national level and are not, so far, systematically compared at European level.
- Internal Consistency: The methods used for the sampling of municipal solid waste,
sorting of waste batteries and statistical data analysis are not publicly available if the
Standard Test Method (ASTM D5231 - 92 2016) is not used. This may affect the results
and limit the internal consistency.
- Timeliness: in some countries, data are collected periodically. In others, sampling
campaigns are conducted at irregular intervals or once-only. Data are available for the
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years 2011-2012 in Denmark (DNK), 2012 in the Netherlands (NLD), 2013 in Belgium
(BEL) and in most year between 2004 and 2011 in the United Kingdom (GBR)
Spatial coverage: Data are collected in Belgium (BEL), Denmark (DNK), United
Kingdom (GBR) and the Netherlands (NLD).
Transparency of data collection methods: Information is not available.
Level of detail of data reported: Low. Little information on the methods, the
classification of the batteries (or not) depends on the study.

2.3.7 Treatment and recycling
The outcomes of the assessment of the data on treatment and recycling of waste batteries are:
- Completeness: The availability of data in Eurostat is shown in Table 5. Not all countries
report all data. The quality reports provided by the MS to Eurostat cover the figures on
recycling.
- Interoperability: The data format are harmonised. Differences in the methodology and
different national interpretation of definitions limit the interoperability.
- Internal Consistency: Differences in the methodology (e.g. to calculate the mass input
to the recycling process, the chemistry specific input fractions to recycling, as well as
the mass output from recycling plants) and different national interpretation of
definitions limit the internal consistency.
- Timeliness and spatial coverage: Not all countries have reported the data for all years
(see Table 5). The data collection started in 2009 for the “Input fractions to the recycling
process” for Ni-Cd and lead batteries, in 2014 for the other figures. Limitations to the
temporal representativeness are timing issues, because some collected waste batteries
are stocked before being recycled, which can affect the year in which they are accounted
in the reporting. Limitations to the geographic representativeness are exports issues,
since waste batteries may be treated in another country.
- Transparency of data collection methods: Little information on the methods used in the
different Member States is available.
- Level of detail of data reported: Low. The data only distinguishes the chemistries lead
and nickel-cadmium, low level of harmonisation of scope and methods across the
member states.

2.4 Recommendations
The inventory of data enables to draw recommendations. The major data gaps in Eurostat relate
to harmonisation issues. For instance, different interpretations of definitions and methods used
to collect the data lead to divergences between countries and battery categories in the reporting
of data. Moreover, data are completely or partly missing in Eurostat for multiple combinations
of countries and years. Extending the scope and the level of details of the data would allow for
a more complete quantification of the stocks and flows of materials contained in batteries. So
far, data are missing for industrial and automotive batteries, as well as for complementary
flows, except for waste batteries in municipal solid waste.
2.4.1 Existing and general recommendations
The data provided by Eurostat have a low level of detail and are generally speaking not
designed to describe material content and does not allow quantifying material flows. Focusing
on portable batteries as one of the richest sources of secondary raw materials, the additional
data provided by private organisations and research institutes provided to the Urban Mine
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Platform a relatively comprehensive picture of the stocks and flows of batteries and their
material content.
Several reports published recommendations, including deliverables of the ProSUM project
(Downes 2017; Huisman et al. 2017b), the EPBA report: (Perchards study on behalf of EPBA
2017) and the Eunomia report (Hogg et al. 2017). The recommendations are summarised
according to the stocks and flows.
2.4.1.1 Composition
Whilst the chemistry of different battery types is widely understood for major elements,
composition data is lacking on trace elements, CRMs and electronics and on the weight or the
mass fraction of the other battery components (electronics, connections and packaging).
Although these parts represent a small proportion of the weight of a battery, sometimes
negligible or not existing at all (in the case of small portable batteries), they may be significant
for large industrial batteries. The data also needs to take into account changes over time of the
battery composition.
2.4.1.2 Batteries placed on the market
Regarding batteries placed on the market, the data compiled by Eurostat consider only portable
batteries and should be extended to automotive and industrial batteries to get a holistic view of
batteries in Europe. The data reflects different interpretations of the Batteries Directive with
respect to the reporting of batteries placed on the market. For example, inconsistencies resulting
from the limits between portable, industrial and automotive industry and affecting the produced
datasets may need to be reduced. The definitions need to be applied in the same way in all EU
Member States, to allow for more consistent data. One proposition is to implement a
harmonised »decision tree« for a better guidance to assist industry stakeholders on
distinguishing between the three battery types (Hogg et al. 2017).
The completeness of the available data is limited due to unaccounted flows, including
unregistered batteries being sold (free riders), imported and re-exported batteries (Hogg et al.
2017). Efforts to quantify these flows are needed.
To estimate the CRM flows, data with a level of detail distinguishing the different
electrochemical battery system are necessary. For some battery types like primary lithiumbased batteries, the available data did not differentiate the different sub-chemistries. Therefore,
it was not possible in ProSUM to link the data on battery flows placed on the market or in
stocks to the composition data.
The documentation of the flows of batteries put in the market in EEE should be improved. For
instance the flows and composition of integrated batteries are difficult to monitor, which leads
to inaccuracies and discrepancies (Hogg et al. 2017).
2.4.1.3 Batteries in electric vehicles
Batteries in electric vehicles are a key material flow, both because of the high and increasing
market they represent and because they contain large amounts of CRMs. The creation of a
centralised system to collect data on the numbers, weights and types of batteries for electric
vehicles placed on the market and collected as waste would enable getting an overview of the
materials they contain, and a data basis to define strategies to improve the circularity of the
materials.
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2.4.1.4 Residence time and stocks
To estimate the stocks of batteries and the generation of waste batteries, data on the residence
time are necessary. The representativeness in terms of applications, battery technologies,
countries and years of the existing data is limited. The data possibly underestimate the
residence time due to the missing consideration of very old batteries that may not be brought
to waste batteries collection and are therefore not considered in the samplings. Also data on
stocks of batteries, measured using surveys, have a limited representativeness. We recommend
implementing a strategy to get these data over surveys and sampling and analysis campaigns.
2.4.1.5 Officially reported waste collection
The problem of the non-harmonised definition of portable batteries also applies to the data on
waste battery collection, which affects the reliability of the published collection rates. The
legislation defines no reporting requirements for automotive and industrial batteries. A large
part of the documentation of the data reporting is not publicly available and/or incomplete. This
should be improved.
Moreover, the level of data of the available data does not allow for the differentiation of subchemistries for some battery types. This impedes the quantification of the CRM flows. The
data available on the Urban Mine Platform required taking assumptions on the types of waste
batteries collected, which limits the data reliability. Tackling the challenge means requiring
from the member states (and therefore, to the responsible organisations) data with a higher
level of details.
2.4.1.6 Complementary flows of waste batteries
The only available data on complementary flows of waste batteries relate to sampling results
of municipal solid waste in the UK, Belgium and the Netherlands and some data on the
quantities of batteries removed from WEEE. The representativeness of these data needs to be
improved, and further complementary flows should be covered, including data on batteries in
packaging waste and contained in the complementary flows of WEEE.
2.4.1.7 Treatment and recycling
Again, for treatment and recycling, a harmonization of the implementation of requirements and
definitions would reduce inconsistencies and possible double counting. For example, the
Eurostat data on “recycling of batteries and accumulators” should reflect either only the
collected volumes brought to recycling, or the volumes in input in the national recycling
facilities. To enable further analyses of the flows of resources recycled, and to estimate the
material-specific recycling rates, the data collected to calculate the recycling efficiency and
related to further materials than cadmium and lead need to be publicly available. These data
would provide insights to feed the discussion on the measurement and measurability of
recycling rates and the definition of legal targets regarding recycling efficiency. This is not the
case so far.
It is a challenge to formulate recommendations on data that could not be accessed and assessed.
In general, issues related to the interpretation of definitions and the harmonization of the data
collection methods are expected to offer significant potential for improvement of the data.
Extending the scope of the data collection to information on the concentration and dispersion
of the CRMs in the recyclers, the routes to market, the value of materials, the physical limits
of recycling/recovery and the economic viability of exploitation would provide valuable
insights to establish the potential of these materials in the urban mine as commodities.
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2.4.2 Proposed strategies
2.4.2.1 Classifications
Compositions
To be able to address the composition of batteries, the classification of batteries needs to
distinguish not only the families of batteries like lithium-ion and zinc batteries, but also the
different chemical subsystems used for batteries (e.g. NMC, LiMn batteries etc.). Neither the
Eurostat classification that distinguishes portable, automotive and industrial batteries nor other
classifications that address the chemical families are able to make this distinction. The data
structure developed in the frame of ProSUM is based on a two-dimensional classification of
batteries distinguishing on the one hand two levels of electrochemical battery systems designed
as keys and subkeys (Table 6) and on the other hand the applications classified according to
the UNU keys (see Annex 1).
Table 6: Codelists (keys and sub-keys) to classify batteries as developed by the ProSUM project
Key
battLi

Description
Lithium based batteries

battNiCd

Nickel-cadmium based
batteries

battNiMH

Nickel-metal hybride
based batteries

Sub-key
battLiCoO2
battLiFePO4
battLiMn
battLiMnO2
battLiCFx
battLiNMC
battLiSO2
battLiSOCl2

Description
Lithium cobalt dioxide (LiCoO2)
Lithium iron phosphate (LiFePO4)
Lithium manganese (LiMn)
Lithium manganese dioxide (LiMnO2)
Lithium carbon monofluoride (LiCFx)
Lithium nickel manganese cobalt (LiNMC)
Lithium sulfur dioxide (LiSO2)
Lithium thionyl chloride (LiSOCl2)

battNiCdSealed

Nickel cadmium (NiCd), sealed

battNiCdVented

Nickel cadmium (NiCd), vented

battNiMHSealed Nickel metal hydride (NiMH), sealed

battNiMHVented
Lead acid based batteries battPbSealed
battPbVented
Zinc based batteries
battZn
battZn
battOther Other batteries
battOther
battPb

Nickel metal hydride (NiMH), vented
Lead-acid (Pb), sealed
Lead-acid (Pb), vented
Zinc
Others

The classification of the electrochemical systems operates at two levels. The upper level
distinguishes families of electrochemical systems. The detailed level (sub-keys) distinguishes
the subchemistries, as needed to enable linking the composition data to data on battery stocks
and flows to calculate the stocks and flows of materials. This classification system is suitable
to collect data on battery composition.
It is recommended to use such a detailed classification of batteries to make the calculation of
material flows possible. Due to technological progress, the classification needs to be easily
updatable to add new subchemistries (sub-keys) or even new electrochemical families (keys)
that start having significant market shares. Simultaneously, it enables a bridge function
potentially between different future classification for reporting, similar to the WEEE approach
by means of UNU keys that enable for example converting the data from the previous 10 to the
renewed 6 categories.
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Stocks and waste flows
Codelists to classify stocks and flows were developed by the ProSUM project. The
classification defines processes from which flows are entering or leaving. For example, the
flow “placed on the market” is going from the process “battery manufacturing” or “import of
new batteries” to the process “use”. The process “use” is a stock.
The codelists need to be further developed and improved to cover all stocks and flows. For
example, the ProSUM codelist does not cover yet the flows of re-used and re-manufactured
batteries.
Final recovery rates
A harmonized nomenclature and classification system for the material products issued from
the recycling of batteries should be defined and used to report the data on recycling efficiency
to national authorities and member states.
2.4.2.2 Stakeholder involvement
The following categories of stakeholders are key for calculating and monitoring the flows of
raw materials:
1. The experts and organisations able to collect and provide data (e.g. public authorities,
battery manufacturers, industry associations, battery market research institutes)
2. The persons responsible for preparing, compiling and consolidating the data to make
them available in a database (e.g. members of research organisations)
3. Organisations that develop, create, operate, maintain and update the databases and
platforms making the data available (e.g. public organisations like Eurostat or private
organisations like the Urban Mine Platform)
For a well-functioning monitoring, all these stakeholders need the willingness and the funding
to fulfil their tasks. While some organisations may operate without external funding because
of own interest (e.g. industry associations willing to provide data to support the knowledge
development), others are dependent on external funding to be able to contribute. This is for
instance the case of researchers, IT experts operating databases and platforms, as well as the
organisations responsible for marketing and communication. One main recommendation is
therefore to make sure that this funding is available.
Compositions/content
Data on composition and content are required for the calculation of material flows. The key
actors for composition data are the producers. Producers are not willing to publish data on
materials and manufacturing technologies used if they are of relevance for their competitors.
Clear guidance on the level of details or of aggregation required needs to be developed in
cooperation with the producers to define a compromise between the needs for data and the
needs for confidentiality. The willingness of producers to make the effort of compiling and
publishing average or aggregated data on the composition of their battery products or product
groups depends on incentives to do it. These incentives can be the interest to understand the
material flows, legislative requirements or expected advantages related to marketing and image
care. Producers need to be consulted to develop and implement a data collection system. Public
authorities should be more aware of the necessity to get more data and a better understanding
of changes over time of the battery composition to be able to quantify the material flows with
an acceptable level of uncertainty.

49

Funded by
the European Union

Stocks and waste flows
The data sources for stocks and flows of batteries are multiple, and so are the stakeholders
involved in the collection of data with a level of detail enabling the calculation of material
flows.
Table 7 summarizes the main strategies for different groups of stakeholders to support the
improvement of the data collection.
Table 7: Improvement strategies for key stakeholder groups
Stakeholder group

Stocks and flows covered Key improvement strategies
so far

Public national and Portable batteries placed  Extend the coverage to automotive and
European authorities on the market, waste industrial batteries
batteries collected and  Increase the level of details (chemical systems)
recycled
 Harmonise definitions, data collection methods
and documentation
Battery manufacturers Batteries placed on the  Increase the interoperability and comparability
and
industry market
of data by harmonising the classifications of
associations
batteries and applications and the units used
 Harmonise the level of detail
Organisations
Waste batteries collected,  Increase the geographical coverage
collecting
waste data on residence time and  Increase the interoperability and comparability
batteries, compliance stocks
of data by harmonising the classifications of
schemes
batteries and applications and the level of detail

Final recovery rates
Because so far, most data on treatment and recycling from batteries collected by recyclers and
treatment plants to calculate recycling efficiencies are not publicly available, one main step
would be to find, in cooperation with the battery recyclers and with the public authorities,
solutions to make this data available for calculating CRM and material flows under
consideration of the confidentiality issues. A solution would be to involve a third-party
organisation in charge of collecting the confidential data and compiling and aggregating them
to prepare data that are useful for the understanding of the flows of materials but not
confidential from the point of view of the industry.
2.4.2.3 Monitoring
Monitoring strategies aim at determining the protocols to collect periodically data and the data
update frequency (usually annually).
Compositions/content
No official monitoring system is in place to collect data on battery composition. The
availability of data depends on the efforts made by the producers. Introducing a monitoring
system requires developing a guidance on the required level of details of composition data, as
well as methods to collect, assess and update the data. Developing the guidance requires a
consultation process with the producers. Eurostat’s monitoring system has the boundaries of
the collected data (see Section 2.3). The scheme of getting yearly data from every member
states should be kept and extended to a larger coverage of flows, a higher level of details and
better harmonised data.
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Final recovery rates
In principle, data are collected yearly by recyclers to calculate the recycling efficiency. This
procedure should not be changed, but the compilation and availability of the data should be
adapted as explained in Section 2.4.1.7.
2.4.2.4 Research
As explained in the introduction of chapter 2.4.2.2, research organisations could be in charge
of preparing, compiling and consolidating the collected data, including in case of confidential
data that need to be aggregated and/or anonymised before publication. Further tasks to be
allocated to research consist of the assessment of the data to develop strategies to make the use
of materials more efficient.
Compositions/content
The available composition data are, so far, mainly part of the declarations contained in safety
data sheets published by manufacturers. To get data to quantify material flows, the safety data
sheets could be expanded to include data on trace and critical elements, and on electronics.
Another option to improve the accuracy of data for spent batteries would be sampling and
chemical analysis of batteries placed on the market, in stocks and generated as waste. The
generation of new composition data should be carefully planned and reviewed by paying
attention on the statistical representativeness of the sample (in terms of technology and product
application), the definition of the product and the used physio-chemical analysis methods.
Another task that can be allocated to researchers consists of comparing, compiling and
consolidating the data coming from the different sources to generate knowledge on the average
composition of different groups of batteries and on its changes over time.
Stocks and waste flows
Researchers can provide ideas and develop solutions to solve the challenges related to the
understanding of stocks and flows of materials contained in batteries. That includes proposing
harmonised definitions and classifications to policy-makers, harmonised methods used to
gather data on stocks and flows, methods for surveys, sampling and analysis campaigns of new
and waste batteries, to get data on unregistered batteries, on batteries integrated in EEE and
vehicles and on further unknown whereabouts. Moreover, checks on the available data to find
discrepancies, understand them and correct the data, can be conducted by researchers.
Final recovery rates
The first step to improve the knowledge on the flows of materials is to collect all t nonconfidential data which is publicly available to calculate the recycling efficiency for further
data assessment, like the calculation of material-specific recycling rates. This can be done by
research organisations. Improvement potentials related to the harmonisation of the
implementation of definitions and of the methods used to collect the data are expected to be
identified. Further efforts are needed to understand the potential of the materials contained in
waste batteries as commodities. This needs more research than a reading of the data collected
by recyclers, because many factors play an important role, including the physical limits of
recycling/recovery and the economic viability of exploitation.
2.4.3 Prioritised actions
Because it is not possible to address all the recommendations at the same time and in the frame
of ORAMA, prioritization is needed.
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2.4.3.1 Overview of actions and case studies
An overview of the actions recommended is provided by Table 8, indicated the resources,
stakeholders, time frames, level of priority and feasibility of the actions.
The collection of the missing data would require for some flows comprehensive sampling
campaigns, which require large efforts. This is the case for data on composition considering
changes over time and trace elements, on residence times considering long-term hoarding and
on the other complementary flow than municipal solid waste.
Table 8: Overview of recommended actions for batteries
Action

Stakeholders
Involved
Establish
a
harmonized National
framework (interpretation of authorities and
definitions,
classifications, Eurostat.
methods, documentation) for
the data collection of across
Member States.
Development of classification Researchers,
systems that would allow all European
Member States to categorise:
Commission,
1. the electrochemical battery National
(sub-)systems
authorities,
2. the applications
compliance
3. the stocks and flows of schemes,
batteries
producers,
recyclers.
Create, operate, maintain and Researchers,
update the databases and public
platforms making the data organisations like
available on materials contained Eurostat or
in stocks and flows of batteries private
organisations like
the Urban Mine
Platform
Improve the level of detail and National
the representativeness of the authorities,
data, for instance to cover producers and
industrial
and
automotive Eurostat.
batteries and to differentiate the
different types of chemical
systems of batteries.
Promote the declaration of Researchers,
battery
composition
to European
competent organisation or Commission,
authority,
improve
the Producers,
composition data to better cover compliance
trace and critical elements and schemes, Policy
battery electronics, and to makers, National
understand changes over time
authorities and
Eurostat.

52

Time
Priority Feasibility
Frame
Medium High
This can be implemented via
term
dialogue between the Member
States and having a low to
medium amount of human and
financial resources.
Medium Medium The feasibility of this action
term
- High
will depend on the agreement
on classifications
In addition a medium amount
of human and financial
resources will be required.

Short
Term

High

Take advantage of the existing
tools this would require a low
amount of human and financial
resources.

Medium High
term

This can be implemented with
dialogue between the Member
States and having the medium
amount of human and financial
resources available.

Long
term

Medium Requires
agreement
on
- High
confidentiality issues and level
of aggregation enabling the
publication of the data. This
would require a low amount of
human and financial resources.
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Action
Prepare, compare, compile and
consolidate the available data,
including a check of the mass
balances

Monitor the stock levels and
ages of batteries in households
or institutions/ industry (e.g.
throughout surveys).

Conduct
country
studies
focused on unaccounted waste
batteries and the so-called
complementary flows (exports
of waste batteries, batteries in ewaste, in mixed residual waste
etc.) should be done.
Promote Member States to
develop a national mass balance
of
key
materials
and
components in batteries and
waste batteries in order have
knowledge of the recovery
rates.

Stakeholders
Involved
Researchers,
European
Commission,
National
authorities and
Eurostat
National
authorities,
compliance
schemes and
Eurostat.
European
Commission,
National
authorities,
Producers,
compliance
schemes and
Eurostat.
European
Commission,
National
authorities,
Producers,
compliance
schemes,
recyclers and
Eurostat.

Time
Priority Feasibility
Frame
Medium High
Requires funding for long-term
term
research and data assessment
and medium amount of human
and financial resources.

Short
Term

LowCoordination is needed to
Medium apply a harmonised method
and get comparable results
across the member states. This
would require a low amount of
human and financial resources
Medium High
Coordination is needed to
term
apply a harmonised method
and get comparable results
across the member states. This
action would require a
medium-large
amount
of
human resource and a medium
amount of financial resources.
Long
Medium This recommendation can be
term
implemented once all parties
have a common understanding.

2.4.3.2 Case study proposals
Based on the data inventory and the recommendations, several types of ORAMA case studies
on battery flows were pre-selected and further research in coming tasks:
1. The data on officially reported collection of waste batteries. The data is currently being
collected in Eurostat but needs to be better harmonized to be more comparable. The goal
of ORAMA would be to provide concrete recommendations on the interpretation of
definitions and on methods, in order to harmonise the data collection conducted by the
national organizations responsible for the data reporting and the produced
documentation, with the goal of reducing the divergences across MS.
2. Information on batteries in municipal solid waste. The results of sampling in several
Member States show that there are examples of good practices that could be extended
to other countries. One key issue is the standardization of methods, including the
sampling origin and size and the classification of the batteries found in the sorted
samples.
3. Information on batteries embedded in the collected WEEE. Data on waste batteries
extracted from collected WEEE are available to some national battery compliance
organizations, as explained in Section 2.1.2. Recommendations could be formulated for
a possible generalization of this practice to further Member States.
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4. Composition data: perform a periodical sampling exercise measuring the chemical
content of different types of batteries, including trace and critical elements as well as the
weight and content of battery electronics, based on the protocols developed in ProSUM
to measure CRMs. The periodical analysis would provide knowledge on changes over
time of the battery composition.
5. Data on the volumes and types of batteries in electric vehicles placed on the market and
collected as waste. So far, no data is collected by public authorities. A data collection
system could be introduced. The ORAMA research can formulate recommendations on
the type of data that would be useful and on how to collect the data.
Due to their content of CRMs and the expanding market, we recommend focusing on lithiumbased rechargeable batteries. The market of electric vehicles is expected to provide the largest
share of the demand for li-ion batteries in the next years. For this reason, case study 4 on
batteries in electric vehicles was selected for T2.3. It will be conducted in cooperation with the
case study on vehicles (Section 3.4.4).
The other case studies were rejected because of the expected revision of the Batteries directive
that may change the legal requirements and make the ORAMA results obsolete (case study 1),
because the efforts needed for sampling and analysis campaigns would exceed the scope and
resources of ORAMA (case studies 2 and 4) and because the issues related to the extraction
and extractability of batteries from WEEE are too complex to be addressed in the frame of
ORAMA.
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3 VEHICLES
The following Sections present and analyse sources of data that are relevant for characterising
the stocks and flows of vehicles and their composition, including national data sources as well
as European or other internationally relevant sources. Only sources of systematically gathered
and currently maintained data are included here. This leads to the exclusion of for example
one-time studies on material cycles or vehicle composition.
The analysis builds on previous work conducted within the ProSUM project (ProSUM 2018).
The term “vehicle” is here used to refer to vehicles of category M1 (passenger cars) and N1
(vans) as defined in Annex IIA to Directive 70/156/EEC.

3.1 Inventory of data sources
The inventory presented here covers sources of data on the following:
1. Registered vehicles in use, new registrations and de-registrations
2. Imports and exports of vehicles
3. Collected ELVs and material flows related to the treatment of ELVs
4. Composition of vehicles
5. Composition of ELV related waste flows
3.1.1 National data sources and availability for ELV
Table 9 provides an overview of national institutions that typically hold and publish data related
to vehicles.
Table 9: National sources of data related to vehicles
Name
Environmental
Protection
Agency

Data type
stocks/flows
composition

Roads Office

stocks/flows

Office
National
Statistics

for

stocks/flows

Customs Agency

stocks/flows

Interest
organizations

stocks/flows
composition

Description
The Environmental Protection Agency (EPA) in each country is
usually responsible for reporting data on the amount of ELVs treated
and the related waste flows to the European Commission. These data
may also be published through the Office for National Statistics. In
addition, the EPA may commission and publish more detailed studies
with e.g. data on the composition of selected waste flows such as
(automobile) shredder residue.
The national Roads Office or an equivalent institution maintains a
database on registered road vehicles, which may also include data on
new registrations or de-registrations. This database normally contains
very detailed information including information about ownership and
is therefore not accessible to the public. The Roads Office may
publish some aggregated data directly or through the Office for
National Statistics.
The Office for National Statistics (ONS) or equivalent institution
normally publishes a variety of data relevant for secondary raw
materials in vehicles. This may include (but is not limited to) data on:
number of vehicles in use, number of first-time registrations, number
or mass of collected ELVs. Usually there is a large overlap with data
published by Eurostat, but often more detailed data will be available
through the ONS (e.g. for individual regions, counties or
municipalities).
The Customs Agency of each country holds and may publish data on
imports and exports of vehicles and ELVs.
Each country may host a number of interest organizations aimed at
promoting a specific branch of industry related to vehicles or ELVs.
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This can include associations for: manufacturers, importers, vehicle
owners, depollution and dismantling enterprises, and recyclers (i.e.
shredding enterprises). Each of these organisations may gather data
related to their interests. Such organisations also exist on the
European level. Some example organizations:
 Vehicle Recyclers’ Association (UK, www.vrauk.org)
 Norges Biloppsamleres Forening (Car Dismantlers’
Association Norway, www.biloppsamlerne.com)
 Foundation Auto Recycling Switzerland (www.stiftungautorecycling.ch)
 ARN (Dutch association for automobile recycling,
www.arn.nl)

3.1.2 EU level data sources and availability for ELV
Table 10 presents an overview of important pan-European or trans-national data sources related
to vehicles.
Table 10: Sources of data related to vehicles on the European level
Name

Web address

Eurostat

ec.europa.eu/eur
ostat

Diss.
level
Public

Data
type
stocks/f
lows

Description
Eurostat publishes data on the number of new vehicles
registered and the number of vehicles in the fleet for
EU Member States. Vehicles are categorised by type
(car or van), mass, engine size and motor energy type.
Eurostat also publishes data on the total mass of ELVs
collected, depolluted and shredded, as well as related
flows of waste, recyclable fractions and reusable
components and their destination. These data are
published on a yearly basis from EU Member States,
however with variable completeness for historic years
and with respect to level of detail.

ACEA

www.acea.be

Public

stocks/f
lows

UN
Comtrade

comtrade.un.org

Public

stocks/f
lows

IMDS

www.mdsystem.
com

restricted

compos
ition
e-c
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Eurostat also gathers and publishes data on
international trade of vehicles through the Comext
database. The Comext database contains monthly and
yearly data on imports and exports of vehicles reported
by each EU state, between the EU state and any other
country.
The European Automobile Manufacturers Association
(ACEA) publishes monthly data on the number of new
passenger vehicles registered in individual EU
countries. Some yearly data on the number of vehicles
in stock, the age of vehicles in stock and vehicle
production are also available.
The UN Comtrade Database contains data on imports
and exports of passenger vehicles between countries
worldwide. The database does not distinguish between
new and second-hand vehicles.
The IMDS (International Material Data System) is the
automobile industry's material data system. Currently
more than 60 brands are represented in IMDS. IMDS
contains data on all materials present in the final
vehicle. The data is used for meeting the obligations
placed on automobile manufacturers, and thus on their
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IDIS

www.idis2.com

restricted

compos
ition
c-p

DAT
Group/Autoi-Dat

www.dat.de
www.auto-idat.ch

restricted

compos
ition
other
c-p

suppliers, by national and international standards, laws
and regulations.
The International Dismantling Information System
(IDIS) contains data on the presence of hazardous
substances in selected vehicle components and the
mass of these devices for around 2700 individual
vehicle models. It also contains some data on the
composition (e.g. type of material) for selected
recyclable components. Access is granted free of
charge for dismantlers in the 40 participating
countries.
The DAT Group and its Swiss collaborator Auto-i-dat
offer several commercial products for data and
information relevant for second-hand dealers, repair
shops and dismantlers. Through Auto-i-Dat’s
Autohandel and DAT’s SilverDAT systems, it is
possible to retrieve data on the presence of default and
optional equipment, i.e. the configuration of individual
vehicles as sold, for most vehicles registered since
2001. In addition, the Autodata Online system
contains information on the location of devices (e.g.
controllers) in more than 16’000 vehicle models from
80 manufacturers.

3.1.3 Relevant projects
A relatively small number of projects related to secondary raw materials in vehicles was
identified. An in-depth analysis of the data produced in these projects has, due to limited
resources, not been performed as part of this deliverable report.
The following projects aim to generate or analyse data on stocks and flows or composition of
vehicles or related wastes for the purpose of recycling:
 ProSUM (www.prosumproject.eu) – Prospecting Secondary raw materials in the
Urban mine and Mining waste
 EVA – Elektronik Verwertung Altautos (Recycling of electronics from ELVs) – Project
commissioned by the Swiss Federal Office for Environment
 Project
"Verbleib
von
Altfahrzeugen"
(Whereabouts
of
ELVs)
(http://www.oekopol.de/themen/ressourcen-und-kreislaufwirtschaft/verbleib-vonaltfahrzeugen/) – Project commissioned by the German Environment Agency
 Project "ELV Whereabouts" (http://elv.whereabouts.oeko.info) – Project
commissioned by the European Commission
The following projects address technological developments for depollution and dismantling of
ELVs or recycling of materials from ELVs:
 ORKAM
(https://www.umweltbundesamt.de/publikationen/optimierung-derseparation-von-bauteilen) – Optimization of the separation of components and
materials from ELVs for the recovery of critical metals – Project commissioned by the
German Environment Agency
 LIFE De-Bay (http://www.lifedebay.eu/) – ELV Depollution Bay – EU LIFE
 PLATIRUS (www.platirus.eu) – PLATInum group metals Recovery Using Secondary
raw materials – H2020
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ShredderSort (http://shreddersort.eu/) - selective recovery of non-ferrous metal
automotive shredder by combined electromagnetic tensor spectroscopy and laserinduced plasma spectroscopy

3.2 Data collection methods
3.2.1 Eurostat waste statistics
Eurostat publishes yearly data on the number and mass of collected ELVs, as well as various
material flows related to the treatment of ELVs in all EU Member States except Malta and
Croatia plus the non-EU states Norway and Liechtenstein (28 countries in total) (Eurostat
2018a). The minimum required reporting from each state includes the number and mass of
generated and collected ELVs, the total mass of materials and components dismantled, mass
of shredder outputs (ferrous metals, non-ferrous materials, shredder light fraction, others), and
exports of ELVs and materials from ELV treatment. All reported flows are broken down by
the final treatment method (material recycling, incineration/energy recovery, and disposal). In
addition to these mandatory data, some Member States report more detailed data on the outputs
from depollution and dismantling, including the mass of batteries, liquids, oil filters, catalysts,
metal components, tyres, large plastic parts, glass and other materials.
The ELV data collection and reporting practices of EU Member States has recently been
independently reviewed in a comprehensive study on waste statistics in the EU (Hogg et al.
2017). The rest of this Section is largely based on information from this study, as well as the
analysis of ELV data reporting conducted within the ProSUM project (Rotter et al. 2016;
Chancerel et al. 2017).
Figure 5 shows a general overview of the data collection and reporting procedure for Member
States. In most states, a national authority such as the ministry of environment or environmental
protection agency is in charge of data collection, analysis, verification and validation (Hogg et
al. 2017). The main sources of original data are authorised treatment facilities (ATFs) that
dismantle and depollute the vehicles and shredder facilities that mechanically treat vehicle
hulks to generate recyclable materials. Individual operators may report data directly to the
ministry of environment, environmental protection agency, via producers/importers or
producer responsibility organizations (PROs), such as the RAI Association in the Netherlands.
Additional data sources used include producers and importers (e.g. for information about metal
content in vehicles), vehicle registry databases (data on de-registration of vehicles), surveys,
and shredder trials.
The collection, treatment, analysis and validation of data vary considerably between Member
States. To reduce the administrative burden of obtaining detailed statistical data, Member
States are allowed to use the so-called metal content assumption. This involves calculating
reuse and recovery rates using an average metal content of vehicles (which must be well
supported by data), and not providing data on dismantled metal components. France, Germany,
Ireland and the United Kingdom use the metal content assumption (Hogg et al. 2017).
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Figure 5: General overview of ELV data reporting procedure (Hogg et al. 2017)

The data prepared by the responsible organization is reported annually to Eurostat via the
EDAMIS portal (https://webgate.ec.europa.eu/edamis). Along with the data, the Member
States are required to submit a quality report that describes the data collection procedures and
analysis. However, there is no obligation regarding the structure and content of this report. The
quality reports are normally not published, although at least one country (Germany) has made
them available through the national web page of the Environmental Protection Agency.
3.2.2 Eurostat transport statistics on vehicles
As part of statistics on transports, Eurostat publishes statistics on road transports and the
equipment used, among which the number of various types of vehicles. The data comes from
“the Common Questionnaire for Transport Statistics, developed and surveyed in co-operation
between the United Nations Economic Commission for Europe (UNECE), the International
Transport Forum (ITF) and Eurostat.” (Eurostat 2014). It is not “supported by a legal act but is
based on a gentlemen's agreement with the participating countries; the completeness varies
from country to country.” (Eurostat 2014). It “covers annual data for the EU Member States,
EFTA states and Candidate countries to the EU. Data for other participating countries are
available through the ITF and the UNECE. In total, comparable transport data collected through
the Common Questionnaire is available for close to 60 countries worldwide.” (Eurostat 2014)
The data is collected, processed and controlled by national authorities, who are responsible for
the main quality assurance. Only aggregated national annual data are reported to Eurostat.
Some additional checks regarding timeliness, completeness and accuracy are routinely assessed
by Eurostat. The data is usually reported 9-12 months after the reference period (calendar year)
(Eurostat 2014). A number of continually updated documents guide the data collection and
compilation methodology including e.g. definitions (Eurostat 2009). However, data collection
and compilation methodology are determined by the national authorities and varies from
country to country on which more detailed information, such as quality reports, lacks.
Geographical comparability and comparability over time are despite this stated to be generally
high (Eurostat 2014).
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The data is classified in vehicle types: mopeds and motorcycles, passenger cars, motor coaches,
buses and trolley buses, trams, lorries (excluding light goods road vehicles), special purpose
road vehicles, road tractors, semi-trailers and trailers. Two main categories can be
distinguished: new registrations of vehicles and stock of vehicles (Eurostat 2018). The
following will focus on data on passenger cars.
Within the category of data on new registrations, the following data is provided in terms of
number of vehicles:
 Passenger cars, by type of motor energy and size of engine. The principal type of motor
energy used by the vehicle is that as certified by the competent authority of the country
of registration. For hybrid or dual-fuelled vehicles adapted for using more than one type
of motor energy (e.g. LPG and petrol, or electricity and diesel, etc.), the principal type
of motor energy should be, where possible, an alternative fuel). The engine size is
cylinder capacity of the engine as certified by the competent authority of the country of
registration (Eurostat 2009). The data is specified for motor energy classes of petrol,
diesel and other in combination with the cylinder capacities of less than 1400 cm³, from
1 400 to 1 999 cm³ and 2 000 cm³ or over. Data is reported from 1980 to 2016 with some
additional years in the 1970s. (Eurostat 2018)
 Passenger cars, by type of motor energy. Definition, see above. The data is specified for
petroleum, liquefied petroleum gases (LPG), diesel, natural gas, electricity, other,
alternative energy, petrol (excluding hybrids), hybrid electric-petrol, plug-in hybrid
petrol-electric, diesel (excluding hybrids), hybrid diesel-electric, plug-in hybrid dieselelectric, hydrogen and fuel cells, bioethanol, biodiesel and bi-fuel. Data is reported from
2013 to 2016. (Eurostat 2018)
 Passenger cars by unloaded weight. The unloaded weight is the weight of the vehicle
excluding its load when stationary and ready for the road, as determined by the
competent authority of the country of registration. The unloaded weight may include
driver and fuel dependent on national practice (Eurostat 2009). Data is specified for
weights less than 1000 kg, from 1000 to 1249 kg, from 1250 to 1499 kg and 1500 kg or
over. It is reported from 1980 to 2016 with some additional years in the 1970s. (Eurostat
2018)
 Passenger cars, by type of vehicle and alternative motor energy. Alternative motor
energy is the type of motor energy other than the conventional fuels, petrol and diesel.
Alternative fuels include electricity, LPG, natural gas (NGL or CNG), alcohols, mixtures
of alcohols with other fuels, hydrogen, biofuels (such as biodiesel), etc. Alternative fuels
do not include unleaded petrol, reformulated petrol or city (low-sulphur) diesel)
(Eurostat 2009). Data is specified for passenger cars and - as one group - motor coaches,
buses and trolley buses in combination with the motor energy classes of total, LPG,
natural gas, electricity and other. It is reported from 1989 to 2012. (Eurostat 2018)
Within the category of data on stock of vehicles, the following data is provided in terms of
number of vehicles:
 Passenger cars, by age. Age is the length of time after the first registration of the road
vehicle, irrespective of the registering country (Eurostat 2009). The data is specified for
the following age classes: less than 2 years, from 2 to 5 years, from 5 to 10 years, from
10 to 20 years, over 10 years and over 20 years. It is reported from 1970 to 2016
(Eurostat 2018).
 Passenger cars, by type of motor energy and size of engine. Definition, see above. The
data is specified for motor energy classes of petrol, diesel and other in combination with
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the cylinder capacities of less than 1400 cm³, from 1 400 to 1 999 cm³ and 2 000 cm³ or
over. Data is reported from 1970 to 2016. (Eurostat 2018)
Passenger cars, by type of motor energy. Definition, see above. The data is specified for
petroleum, liquefied petroleum gases (LPG), diesel, natural gas, electricity and other. It
is then further divided into alternative energy, petrol (excluding hybrids), hybrid
electric-petrol, plug-in hybrid petrol-electric, diesel (excluding hybrids), hybrid dieselelectric, plug-in hybrid diesel-electric, hydrogen and fuel cells, bioethanol, biodiesel and
bi-fuel. Data is reported from 2012 to 2016. (Eurostat 2018)
Passenger cars by unloaded weight. Definition, see above. Data is specified for weights
less than 1000 kg, from 1000 to 1249 kg, from 1250 to 1499 kg and 1500 kg or over. It
is reported from 1996 to 2016. (Eurostat 2018)
Passenger cars, by alternative motor energy. Definition, see above. Data is specified for
total, LPG, natural gas, electricity and other. It is reported from 1989 to 2012. (Eurostat
2018)

3.2.3 ACEA statistics on vehicles
The European Automobile Manufacturers' Association (ACEA) represents the 15 major
Europe-based car, van, truck and bus makers. As a trade organisation, ACEA represents the
interests of its members in a wide range of issues. ACEA publishes a variety of statistics among
which new vehicles and vehicles in use are relevant for the purposes of this work of which a
majority is downloadable as spreadsheets from the website. All data concerns the number of
vehicles and no data on e.g. vehicle mass is provided. ACEA describes the statistics in the
following way. “Each month, ACEA publishes two press releases reporting new passenger car
(PC) and commercial vehicle (CV) registrations in Europe. The data published by ACEA for
the current year is provisional and provided by national sources. ACEA also regularly
publishes” (ACEA 2018a) consolidated data on registrations by country and by manufacturer.
“This information is compiled by the Association Auxilliaire de l’Automobile (AAA) and is
occasionally refreshed in order to take account of variations in the way vehicle registrations
were estimated or accounted for initially. This normally only applies for the current year or the
year immediately preceding it. Due to regular changes in the registration files by the official
licensing authorities, ACEA registration data also changes time to time for the current and the
previous year’s data.” (ACEA 2018a).
The statistics on new registrations distinguishes between five vehicle types: passenger cars,
light commercial vehicles up to 3.5t (vans), heavy commercial vehicles over 16t (heavy trucks),
medium and heavy commercial vehicles over 3.5t (trucks) and Buses and coaches over 3.5t.
The statistics is provided by country and by brand but separately. For breakdowns by brand in
each country, the user is referred to national automobile associations. Data on specific models
is not provided. In additions, data on segments and bodies is provided separately reflecting
“trends in new car characteristics” per country. The car segments reported correspond to Small
= Segment A + Segment B Lower Medium = Segment C Upper Medium = Segment D
Executive = Segment E (ACEA 2018a). The bodies reported correspond to Saloons, Estates,
Coupes, Convertibles, Monospaces, Others and Unknown.
Regarding the stock of vehicles, ACEA publishes each year a ‘Vehicles in use’ report (pdfformat) (ACEA 2018b). Per country, the number of vehicles in use for each type (passenger
cars, light commercial vehicles, medium and heavy commercial vehicles and buses) and how
those numbers have developed over the years are presented. The report also provides statistics
per vehicle type for each country on average age, the year of first registration and fuel type
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which includes petrol, diesel, hybrids, electric (incl fuel cell), plug-in hybrids, LPG/Natural
gas and Other (appears to be negligible, 0.6% as EU-25 average in 2017). (ACEA 2018b).
3.2.4 UN Comtrade/Eurostat Comext
The most important data sources for statistics on imports and exports of vehicles are the
Comtrade database (http://comtrade.un.org) maintained by the United Nations, and the Comext
database (http://ec.europa.eu/eurostat/web/international-trade-in-goods) maintained by
Eurostat. The Comtrade database contains monthly and yearly data on imports and exports of
vehicles between most countries worldwide. The Comext database contains monthly and yearly
data on imports and exports of vehicles reported by each EU state, between the EU state and
any other country.
In Comtrade, a distinction between diesel and petrol cars and different engine sizes is included
since 1993. The latest Harmonized System (HS) classification, HS5, introduced in 2017, also
includes separate data on hybrid electric vehicles (HEV), plug-in hybrid electric vehicles
(PHEV) and full battery electric vehicles (BEV) (World Customs Organization 2016). There
is however no distinction between new and used cars.
The main classification system used in Comext is the Common Nomenclature (CN) system.
CN is based on HS, with some additional detail (Eurostat 2018b). For vehicles, the additional
detail included in CN consists in a distinction between new and used vehicles within each
vehicle type. This distinction is included for all vehicle types except hybrids and plug-in
hybrids with electric and diesel motor.
UN Comtrade and Comext obtain their international commodity trade statistics data from
institutions in individual countries. In most European countries the national statistics office is
responsible for administration of the trade data. In Spain, France, Finland and the United
Kingdom the national customs office is responsible, and in Belgium it is the central bank
(Eurostat 2017b).
The introduction of the EU free trade zone in 1993 led to the disappearance of customs controls
between EU countries and thereby also the main data source for intra-EU trade statistics
(Eurostat 2017b). To obtain data on international trade of goods, the EU established the
Intrastat system. Any taxable person whose annual intra-EU trade exceeds a specified countryspecific threshold amount is obliged to report the trade of goods through Intrastat. The
threshold is in most countries between 100,000 and 1,000,000 euro per business (usually higher
for imports than for exports) (Eurostat 2017b).
The data reported through Intrastat are checked against other data related to the collection of
value added tax (VAT) and form the basis for the intra-EU trade statistics. Extra-EU trade
statistics are still based on customs declarations (Eurostat 2016).
3.2.5 IMDS - International Material Data System
IMDS (International Material Data System) is the automobile industry's material data system
first created in 2008. IMDS contains data on all materials present in a vehicle in its final form.
The data is used for complying to worldwide ELV directives and hazardous material legislation
such as the European REACH directive’s Substances of very high concerns (SVHC) and
Reuse- and recyclability calculations in type approvals. It is a cloud-based database that permits
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the manufacturers and parts suppliers to standardise both the collection process and the data
itself. IMDS currently has members from around the world including forty name-brand
manufacturers, representing more than 60 different brands of vehicles and more than 120,000
Tier 1 to Tier n automotive suppliers of materials and components. The system holds more than
registered 65 million data sheets (IMDS 2018, 2017a).
The access to IMDS is restricted to its members. According to the terms of use, the dataproviding user remains the owner of all data entered. The data-receiving user may use data for
“statistical evaluations of material composition of components and complete vehicles, future
evaluations on recyclability, or any other activities covered by substance regulations”. Data
“must not be used for cost and market research studies” and not “to generate or serve as a
technical data sheet for products or materials or safety data sheet for substances and
preparations” (IMDS 2017b).
An automobile contains thousands of materials and tens of thousands of components from a
large number of suppliers. To enable compilation of data into the final product, Material Data
Sheets (MDS) are defined at various levels and gradually aggregated to the final product. The
auto manufacturer receives component assemblies from tier-one suppliers, each of whom
provides an MDS for each component assembly. These MDSs are incorporated into a vehicle
MDS by reference, resulting in a single “Component” vehicle MDS including one hundred
“Component” MDSs. Each of these tier-one suppliers receives component assemblies and
components from tier-two suppliers, each of whom provide an MDS for their components,
which are in turn referenced by the tier-one MDSs, and thus included in the overall vehicle
MDS. The MDS thus cover, from bottom to top, basic substances, materials, components,
smaller assemblies, main assemblies and final product.
The ultimate building blocks of MDS are basic substances, which can be either a chemical
element (examples: iron, copper) or a standard compound (examples: acrylic resin, zinc oxide).
Basic substances are defined by either a specific Chemical Abstract Number (CAS) or
generically by function. In addition, there are a very limited number of wildcards available,
e.g. "Miscellaneous", but which are not allowed in place of a substance that is declarable or
prohibited. Although IMDS is a common system, each OEM and many Tier One have their
own acceptance criteria regarding e.g. tree structure, amount of miscellaneous material allowed
and what has to be declared (IMDS 2018).
Since the access to IMDS is restricted, the information about its actual inclusion of critical raw
materials and scarce metals is limited. Some studies have however been conducted by
automotive manufacturers in collaboration with academia and indicate that the data is relevant
for such purposes.
3.2.6 IDIS - international dismantling information system
IDIS (International dismantling information system) is a database with practical information
on pre-treatment, safety related issues like airbag deployment and handling of HV batteries, on
potentially recyclable parts and other safety related elements mentioned in the EU ELV
directive (e.g. e.g. mercury, lead, cadmium and chromium VI). Its objective is to provide
dismantling information for treatment operators to promote the environmentally sound
treatment of ELVs, safely and economically. It currently covers more than 70 international
automotive manufacturers with their region-specific vehicles in 40 countries. More than
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170000 parts are registered. Access to IDIS is provided only to commercial enterprises in the
ELV business and is provided free of charge (IDIS 2018).
The data in is compiled by the vehicle manufacturer and is not reviewed or controlled by any
other institution. Data is given for brands, models and variants. It is organized in “Treatment
Areas”: Batteries, Pyrotechnics, Fuels, AC, Draining, Catalysts, Controlled parts to be
removed, Tyres, Other Pre-Treatment and Dismantling. (IDIS 2018).
It is stated that material compositions of potentially recyclable parts are available. It appears to
relate to e.g. plastics, rubber and glass. But since access is restricted, the scope and level of
detail cannot be assessed. (IDIS 2018).
3.2.7 Deutsche Automobil Treuhand GmbH / Auto-i-Dat AG
The German company Deutsche Automobil Treuhand GmbH (DAT) and its Swiss collaborator
Auto-i-Dat AG offer several commercial products for data and information intended for
second-hand dealers, repair shops and dismantlers. Some of these products contain large
amounts of data that are relevant for secondary raw materials in vehicles, including information
on default and optional equipment and location of specific parts in individual vehicle models.
Auto-i-Dat’s Autohandel database, which is based on data from DAT, contains data on the
presence of various types of equipment (e.g. airbags, sound system, ABS, aluminium rims,
tyres) for most vehicle models registered in Switzerland since 2001. The user can search for a
specific model and retrieve data on the default equipment, as well as optional equipment
available for that model. The Autohandel database was recently used to quantify the number of
different electrical and electronic devices in vehicles in a study on critical and precious metals
in the Swiss passenger vehicle fleet (Restrepo et al. 2017). The data that the authors were given
access to, covered most vehicle models sold in Switzerland since 2001.
Data on individual vehicles, i.e. the configuration of a car when it was sold (including default
and optional equipment), is also accessible through the Autohandel database, but was not used
in the study by Restrepo et al. These data can also be retrieved through DAT’s SilverDAT
platform, through a search on the Vehicle Identification Number (VIN). DAT and Auto-i-Dat
do not store these data in their own databases. Instead, SilverDAT or Autohandel retrieve the
data requested by the user through a direct connection to databases from the manufacturers.
As of April 2016, data from 32 manufacturers is available: Alfa Romeo, Audi, BMW / MINI,
Citroën, Chevrolet, Dacia, DS, Fiat, Ford, Honda, Hyundai, Jaguar, KIA, Lancia, Land Rover,
Lexus, MAN, Mazda, Mercedes-Benz, Mitsubishi, Nissan, Opel, Peugeot, Porsche, Renault,
Seat, Škoda, Smart, Subaru, Toyota, Volkswagen and Volvo. The data thus covers around 98%
of the vehicles sold in Germany (as of 2014) (Deutsche Automobil Treuhand GmbH 2014).
Access to the data is granted through payment of 1.00 euro per VIN search.

3.3 Assessment of data sources and major data gaps
Each of the data sources was assessed according to the criteria outlined in Section 1.2.3.
3.3.1 Eurostat waste statistics on ELVs
The following analysis is to a large extent based on the recent study by Eunomia and others
(Hogg et al. 2017) and outcomes of the ProSUM project (Chancerel et al. 2017).
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Completeness: Relative to requirements, the completeness of the European ELV statistics is
generally high, although some countries do not meet the minimum reporting requirements. For
example, Sweden has not reported the mass of the various shredder outputs, only the total. For
some countries, more detailed data on ELVs collected and related material flows may be
available from the national statistics office or other institutions. For example, Germany
publishes data on the type of vehicles collected (Rotter et al. 2016).
Interoperability and internal consistency: Interoperability and consistency between data
reported by different Member States is one of the main concerns regarding the ELV statistics.
Issues identified (Hogg et al. 2017) include variations in:
 use of the metal content assumption;
 approaches to calculate average vehicle mass;
 the inclusion of abandoned, burned out or incomplete ELVs in the data;
 reporting of reuse (largely influenced by the use of the metal content assumption);
 accounting for imports and exports;
Timeliness: Member States are required to report data latest 18 months after the end of the
reporting year (European Commission 2005). However, in 2015, 7 countries were more than 8
weeks delayed with their reporting. Currently, the latest available data is from 2015. Data from
6 countries is still missing for 2015. According to the Eunomia report (Hogg et al. 2017), there
has not been any attempt at imposing penalties when countries do not meet the reporting
requirements or deadlines.
Spatial coverage: The Eurostat ELV statistics has a good geographical coverage considering
the scope of ORAMA. Out of the 28 EU Member States, only two are missing (Croatia and
Malta). In addition to the Member States, the non-EU countries Norway and Liechtenstein also
report data.
Transparency: There is a lack of transparency regarding the collection practices and methods
used by Member States, mainly due to the fact that the quality reports submitted with the data
are not publicly available. Access to the quality reports can however be granted through contact
with individual countries. The report by Eunomia and others emphasised that even with access
to the quality reports, transparency is often low, since there is no mandatory structure or content
in the quality report (Hogg et al. 2017). Moreover, they pointed out the lack of clear
explanations regarding the frequencies and methods used for shredder campaigns.
Level of detail: The level of detail of the reported data must be considered low for the purpose
of quantifying raw materials, especially since it does not include information on the type or age
of vehicles treated. The data may allow some estimates of the amount of non-ferrous metals,
polymers and rubber (tyres), but does not allow for calculating the amounts of specific metals
except iron.
3.3.2 Eurostat transport statistics on vehicles
Completeness: Given the voluntary provision of data to this Questionnaire, it could be expected
that there are data gaps. But on the other hand, data has been reported from as early as the
1970’s indicating the stability and usefulness of the data, which might also imply that
completeness is high. No information is provided on incompleteness regarding specific data
gaps for e.g. countries or years.
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Interoperability: Interoperability within Eurostat’s various vehicle data sets is assessed as
moderate since most sets are reported separately and cannot be combined. Interoperability
between vehicles data provided by Eurostat and ACEA is assessed as low to moderate since
ACEA does not provide information on classifications, definitions and sources. Both publish
data on the two main categories of new registrations and vehicles in use. At aggregated levels,
such as the total number of vehicles, the data should be comparable. At more detailed levels,
data is classified in different ways. One example is the classification of “motor energy types”.
Other examples are that at ACEA provides data on segments and brands which Eurostat does
not, while Eurostat provides data on vehicle weight, which ACEA does not. These data sets
cannot be combined without introducing further assumptions.
Internal consistency: The internal consistency is assessed as moderate: there are guidelines for
the provision and Eurostat routinely checks the data, but it is ultimately the national authority
which decides on the data collection method and definitions, on which no information is
available.
Timeliness: Timeliness is moderate. The data is usually reported 9-12 months after the
reference period (calendar year) (Eurostat 2014). However, data provision is voluntary. At the
time of writing in late 2018, the most recent year reported was 2016, which indicates that the
processing of data requires significant time before its publication.
Spatial coverage: Geographical coverage is high.
Transparency: Transparency of data collection methods is low as stated above.
Level of detail: The level of detail is moderate, considering that all data sets include yearly data
on the number of vehicles and that the data includes a distinction between different vehicles
types, motor energy types, weights and engine sizes, and, for vehicles in use, also age.
However, for each distinction, the data is only provided in a limited number of ranges, which
may be insufficient for more detailed analysis. Recently motor energy types were further
differentiated into emerging types such as various electrified drivetrains. Such data is provided
from 2013 to 2016.
3.3.3 ACEA statistics on vehicles
The meta data about the statistics provided by ACEA, such as data sources and consolidation
procedures, is limited. Given this limitation, the following assessment can be provided.
Completeness: Given the information provided at the website of ACEA, the completeness is
good. It appears to cover all new vehicles registered and all types of motor vehicles. It covers
41 brands plus “others”, thus not only what is produced and sold by ACEA’s members. It does
not provide data for second-hand vehicle sales. The data available for download at ACEA’s
webpage cover various years depending on the type of data. New car registrations are most
comprehensive with the oldest data set provided for year 2001.
Interoperability: Interoperability between ACEA’s various data sets is low since each data set
is presented separately. In some respects, the classifications used are more detailed and relevant
for our purposes than the data provided by Eurostat, e.g. the distinction between fuel types (in
particular of various electric drivetrains) and segments. But since the classifications used are
not described more than as presented in the previous Section and no standardized classifications
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are referred to, some data is difficult to interpret. For example, there is no information on the
definitions of segments and what models are assigned to various segments. Furthermore,
interoperability with other data sources such as Eurostat vehicle fleet data is thus difficult to
assess.
Internal consistency: ACEA mentions that monthly data on new registrations are consolidated
and adjusted occasionally, why data can change, primarily for the most recent years. No other
information is given.
Timeliness: Timeliness for data on new registrations is good since it is provided monthly
according to a press release calendar. The same data is also compiled for the full year, available
from 2001 to 2017. The data for registration of alternative fuels vehicles is provided quarterly.
Data on vehicles in use is provided each year, where the latest version published in 2018 covers
the years 2012 to 2016.
Spatial coverage: The geographical coverage differs between the data sets provided. New car
registrations are provided for EU-26 plus Iceland, Norway and Switzerland. Data on new trends
is provided for EU-15 plus Iceland, Norway and Switzerland. Data on vehicles in use are
provided for EU-25 plus Norway, Switzerland, Russia, Turkey and Ukraine.
Transparency: Transparency of data collection methods is very low since no such information
is provided. The data appears to be compiled from several sources.
Level of detail: The level of detail can be described as moderate, considering that it includes a
distinction between different fuel types, segments, body types and brands, all however
separately.
3.3.4 UN Comtrade / Eurostat Comext
Completeness: Given the reporting thresholds of up to 1,000,000 euro, it can be expected that
the majority of enterprises that import or export vehicles are obliged to report data to Intrastat.
Next to that, countries also correct for the non-response. However, private persons who buy a
car outside the country of residence will usually not have to report this. It is estimated that at
least 93% of the total intra-EU imports and 97% of the total intra-EU exports are covered by
the reporting through Intrastat (Eurostat 2015). No numbers are available specifically for
vehicles.
Interoperability: Interoperability between Comext and Comtrade is high, since the CN
classification is directly based on the HS classification. Interoperability with other data sources
such as Eurostat vehicle fleet data is lower, as they do not use the same classification. Eurostat
fleet data relies on a different set of engine size ranges to define the vehicle codes. Moreover,
Comext and Comtrade have a shorter history of distinguishing propulsion technologies
compared to Eurostat fleet data.
Internal consistency: Both Comext and Comtrade publish detailed guidance documents for data
reporting to ensure internal consistency with respect to methodology (UN Department of
Economic and Social Affairs Statistics Division 2013; Eurostat 2017a). There have been many
revisions to the various classification systems. Compatibility and consistency through time is
ensured through the publication of correlation tables that can be used for transposing data
between the different classification systems.
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Timeliness: Timeliness for trade data is good. The deadline for submission of declarations by
traders is less than 31 days after the reference month in all countries (Eurostat 2017b). Failure
to submit is followed by reminders and eventually fines. Due to the time needed for quality
control and adjustments to the statistics by the national statistical office (or equivalent
authority) and Eurostat or UN Comtrade, the publication of the final statistics through these
channels is somewhat delayed. At the time of writing (April 2018), the Comext database
already contained data on vehicle trade for January 2018 for all countries, i.e. less than 3
months delay. In UN Comtrade, annual data from 2017 was available for 9 countries at the
time of writing, while data from 2016 was available for all 30 countries within the scope of
ORAMA.
Spatial coverage: Geographical coverage with respect to the ORAMA scope is complete in UN
Comtrade, while Comext misses data reported by Norway and Switzerland. Trade between
these two countries and EU countries is nevertheless available through the reporting of the EU
countries.
Transparency: Transparency of data collection methods is on the one hand high, since
Comtrade and Eurostat publish detailed guides on how to report data (UN Department of
Economic and Social Affairs Statistics Division 2013; Eurostat 2017a). However, there is less
insight into how collection, processing and reporting of data are done in practice by the
responsible organization and data reporters in individual countries. Some insights can be
obtained through the guidance documents and a survey that was conducted by Comtrade among
reporting agencies (UN Department of Economic and Social Affairs Statistics Division 2008),
as well as the quality reports provided by Eurostat (Eurostat 2015).
Level of detail: The level of detail in Comext vehicles data is moderate to high, considering
that it includes a distinction between different propulsion technologies, different engine sizes
and a differentiation between new and used cars. In Comtrade the level of detail is slightly
lower, as there is no distinction between new and used cars. In both sources, the differentiation
between hybrids and full electric cars was only introduced in 2017, so the level of detail is
lower for past years. UN Comtrade includes monthly data on the value and mass of vehicles
traded and yearly data on the value, number and mass of vehicles traded. However, sometimes
(e.g. for earlier years) only value and mass or only value is available. Comext includes monthly
and yearly data on the value, number and mass of vehicles.
3.3.5 IMDS - International Material Data System
Due to the limited information provided on the content of IMDS, no assessment is conducted.
It can however be concluded that it is likely that the information regarding data on vehicle
composition of critical raw materials and scarce metals is comprehensive. A number of studies
conducted by automakers in collaboration with academia indicates that the data is highly
relevant and that it would be desirable to have access to it (in aggregated formats respecting
confidentiality) for the purposes stated in Orama. Further assessments are refrained from.
3.3.6 IDIS - international dismantling information system
Due to the limited information provided on the content of IDIS, no assessment is conducted.
Given the information available, it is however likely that IDIS is of importance as a source for
data on vehicle composition of critical raw materials and scarce metals.
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3.3.7 Deutsche Automobil Treuhand GmbH / Auto-i-Dat AG
Completeness: Considering its scope, the VIN search through SilverDAT or Autohandel
appears to be quite complete, however with better completeness for more recent years. In the
study from Restrepo et al. (Restrepo et al. 2017), data was found in the Autohandel database
for 70% of imported vehicles in 2014, 67% of vehicles in use in 2014 and 32% of the ELVs.
Part of the explanation for these numbers being significantly lower than 100% is that the
matching of databases on imported, in-use and end-of-life vehicles with the Autohandel
database is not perfect. In other words, although information on a given vehicle model exists
in Autohandel, it may not be correctly identified and matched with the data in other databases,
e.g. due to different naming between databases or typos. The lower number for ELVs is due to
the fact that many ELVs were produced before the earliest manufacturing year covered by the
Autohandel database (2001).
Interoperability: As mentioned above, the study by Restrepo et al. illustrated some difficulties
related to interoperability of the data. The combination of the Autohandel database with other
databases is not straight-forward due to different naming conventions or typos. Although most
relevant databases use codelists for vehicle brands and models, the specific codes applied are
often different across different databases.
Internal consistency: More important perhaps is the lack of internal consistency in Autohandel
and SilverDAT in the terminology for equipment. The data is originally prepared for the
purpose of looking at the equipment level of single vehicles, not for analysing the entire data
set. Hence, devices or functions that are in reality the same are often named differently by
different manufacturers. For example, a keyless start function can be named
“Komfortstartfunktion Press und Drive”, “Key Free Startfuntion”, “Keyless Start”, “Smart Key
+ Startknopf” or “easy go”, depending on the brand. When aggregating data for many vehicles,
it is therefore necessary to identify and group different terms that refer to the same function or
device.
Timeliness: The Autohandel database is updated on weekly basis (Auto-i-Dat AG 2018). No
information was available for the VIN search function, but since it is directly connected to the
manufacturers’ databases, it is likely to be very up to date. Hence, the timeliness of the data
must be considered to be good. However, one important limitation is that these databases do
not contain complete data on older vehicle models (before 2001). Information on these older
cohorts is still highly relevant for estimating secondary raw material amounts, due to the
relatively long lifespan of vehicles.
Spatial coverage: Although centred in Germany, DAT has offices and offers the same products
in most countries in continental Europe: Austria, Bulgaria, Cyprus, Czech Republic, France,
Germany, Greece, Hungary, Italy, Netherlands, Poland, Romania, Russia, Slovakia, Spain,
Switzerland (Auto-i-Dat), and Turkey. Since the same vehicle models are mostly sold all over
Europe (although in different numbers), geographical coverage is considered to be good.
Transparency: Transparency is low, as only very little information is available on data
collection methods. This is expected, since the products are not available free of charge.
However, it is known that the information originates from the manufacturers, and it is therefore
believed to be reliable.
Level of detail: For the purpose of quantifying secondary raw materials, the level of detail in
the data is very high, considering the large number of different devices and functions included.
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The limitation of the data is more related to its scope: Firstly, it includes data on default and
optional vehicle features but does not offer a full breakdown of the vehicles in terms of
components. Secondly, it only includes information about the presence of functions or devices,
but offers no further information on the mass or composition of these, i.e. which materials and
substances are present and at what quantities.

3.4 Recommendations
3.4.1 Existing and general recommendations
3.4.1.1 Hogg et al. – Eunomia study on European waste statistics
The aim of the study was to identify and analyse the main sources of uncertainties,
inconsistencies and gaps in the reporting of waste statistics across the EU28 and to provide
recommendations for improvement. One specific Section provides a summary of the priority
actions related to ELV reporting that have been analysed in the study. The priority actions are
structured in the following table, according to whether the action is to be carried out at the
national or European level.
Table 11: Recommendations and priority actions related to ELV reporting. Excerpt from Hogg
et al. (2017).
Actions at the National Level
Actions at the EU level
- Update national vehicle registration systems - Define clear and common definitions of
to ensure vehicles not in use are fully tracked
registration and ‘permanent cancellation’ in
until they are permanently deregistered.
the ELV Directive for use by all Member
States.
- Ensure EU registration systems are linked up
to track re-registrations.
- Mandate improved reporting on the stock of
road vehicles and status of registrations.
- Encourage Member States to implement
vehicle registration systems that provide
disincentives for vehicles to be abandoned.
- Make clear in the Guidance for Member
States if abandoned, burned out or incomplete
ELVs shall be included into reporting or not.
- Introduce electronic notifications of
Certificates of Destruction by national
authorities, including the exchange of
information among Member States for
issuing CoDs for imported and exported
vehicles.
- Implement policies that ensure all Authorized
Treatment Facility (ATFs) issue a Certificate
of Destruction to the holder/owner of the
ELV when it is dismantled.

- Mandate the introduction of electronic
notifications of CoDs by national authorities,
including the exchange of information for
issuing CoDs for imported and exported
vehicles.

- Implement electronic registries to accurately
track treatment data, based upon EU good
practice. The registries should track flows
within, and to and from the country, including
ensuring the final treatment of exported ELVs

- Develop a mandatory ELV treatment data
standard which outlines a common approach
to data reporting, accredited through third
party auditors. The standard could describe
how items for reuse can be measured, and
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are also recorded. They should include the
flows to and from shredders, as well as the
nature of the technology used.

- Introduce a burden of proof for the exporter,
to ensure that the vehicle being exported is
indeed a used car not an ELV.

-

-

-

- Member States to provide incentives for
illegal operators to register as ATFs
- Member States to develop inspection plans to
ensure all ATFs are identified and compliant
with national regulations on the depollution
and dismantling of ELVs.
- Member States to multiply inspections to
treatment facilities to inspect legality and
impose penalties or close down illegals.
- Improve the quality of data through ensuring
robust data verification procedures are carried
out.

-

how ELV carcasses could be tracked to
shredding facilities, for example.
Provide a detailed guidance document on how
to account for ELVs and components
exported outside of the EU. The document
could include details on what mechanisms
and tools could be used to capture data on
exports, such as requiring dismantlers to
submit information on ELVs they know are
being exported.
Make Correspondents' Guidelines No 9 on
shipment of waste vehicles legally binding in
revisions
to
Commission
Decision
2005/293/EC.
Introduce a new table for reporting on vehicle
exports
in
Commission
Decision
2005/293/EC.
European Commission to mandate the use of
inspection plans for the Member States.
Produce guidance for Member States on how
to effectively audit ATFs and shredder
facilities

- Develop a minimum standard for data
verification at the Member State level and
mandate through Commission Decision
2005/293/EC
- Support Member States to ensure all required
data is captured through working groups and
training sessions.
- Update Commission Decision 2005/293 to
mandate the submission of shredder
campaign quality reports, include data on
post-shredder, and update the quality report
template.
- Make quality reports easily available to the
public alongside the data disseminated by
Eurostat.
- Ensure definition of recovery is harmonised
with the WFD during the revisions to the ELV
Directive such that backfilling is excluded
from the ELV recovery targets.

3.4.1.2 Mehlhart et al. – ELV directive implementation assessment (Mehlhart et al.
2017)
Vehicles of ‘unknown whereabout’s’ are vehicles that are deregistered but without a Certificate
of Destruction (CoD) issued or available to the authorities and also with no information
available indicating that the vehicle has been treated in an Authorized Treatment Facility (ATF)
or has been exported. It is known from previous studies that the number of vehicles of unknown
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whereabouts is about 3 to 4 million vehicles per year, compared to around 6 to 7 million ELVs
treated in compliance with the ELV Directive and reported to Eurostat.
Against this background the EC requested a study to assess the implementation of the ELV
Directive with emphasis on the ELVs of unknown whereabouts, aiming: to identify the causes
for the ‘unknown whereabouts’; to identify options to overcome the incomplete
implementation of the ELV Directive; and to assess if the actions of the MS are sufficient to
fully enforce the ELV Directive in order to achieve its objectives.
The main fields for action to improve monitoring and tracking the whereabouts of the vehicles
identified in the study are:
1. Improvement of registration and de-registration procedures. This can be done by: 1)
harmonized definition and application of terms like temporary de-registration, suspension, and
cancellation of registration; 2) adjustments for ELV Directive Article 5 by replacing deregistration with permanent cancellation of a registration, conclusive list of conditions when a
permanent cancellation shall apply, clarification on the relation of suspension and temporary
deregistration to CoD, establishment of notification procedure between MS when a CoD is
issued. 3) Avoid adverse effects of indefinite off road notification. This can be done by obliging
the owner to annually inform authorities of the whereabouts of temporarily de-registered
vehicles or vehicles with suspended registration as well as of any changes in ownership. In
addition to this, banning automatic permanent cancellation of vehicles that are temporary deregistered/ suspended.
2. Incentives and penalties to make use of the Certificates of Destruction more attractive. Some
MS established legal systems providing a vehicle’s last owner incentives to bring a vehicle to
an authorised treatment facility (ATF). Some MS established legal systems that penalise
vehicle owners when handing over their vehicles to an unauthorised treatment facility or to
vehicle traders without any proof of sale.
3. Combating treatment of ELVs in non-authorised facilities including inspections of
workshops and garages and spare part dealers that are not ATFs to identify illegal operations.
4. Improving data on vehicle stock and import / export to enable better monitoring of
enforcement. This can be done by; 1) make report on vehicle stock and new registration
obligatory, skip reporting by ‘age group’ and stablish more useable structure (data for each age
year), include the status of the indemnity insurance to the issues to be recorded. 2) cross border
trade of used vehicles with EU by notification on vehicles previously registered in another MS,
record the information and report it to the competent authorities for ELV monitoring.
Furthermore, it should be assessed if establishing notification process with third countries (nonEU) on reregistration is necessary.
3.4.1.3 Sander et al. – on the unknown whereabouts of ELVs (Sander et al. 2017)
The report is in German with a summary Section in English. From the available statistical
sources, it was not possible to account for the whereabouts of about 1 million of the
permanently decommissioned passenger cars in Germany each year. The subject-matter of the
research project was the closure of this ‘statistical gap’ to the maximum extent possible. The
detailed objectives of the project were: 1) identification of the possible reasons underlying the
‘statistical gap’; 2) determination, itemisation and, to the maximum extent possible,
quantification of information on the actual whereabouts of permanently decommissioned
vehicles; 3) and development of measures and instruments that can be used to permanently
improve the data situation.
The substantial recommendations are as follows:
For the determination of the proportion of permanently decommissioned vehicles, a certain
type of calculation based on the available data, is recommended.
In the context of exports to non-EU countries, it is recommended that:
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1. an information flow from foreign customs authorities to trade statistics in a single-stage
procedure is established;
2. a correction factor is applied for the adjustment of statistically reported figures to the
real situation, as long as the information flow has not yet been established;
3. customs control on incorrect/missing declarations is tightened and the search profile for
undeclared or incorrectly declared vehicles is optimised; and
In the context of transferring second-hand vehicles to other EU Member States for reregistration, it is recommended that:
1. the information flow with the Registration and Information Agreement (REGINA
system) is enhanced; and
2. the REGINA data is corrected by way of a correction factor, as long as the information
flow has not yet been enhanced.
To minimise dismantling carried out in not authorised facilities, it is recommended that:
1. a work group that functions across the federal states is created;
2. technical expertise to support activities against non-authorised dismantling is financed;
3. support to previously non-authorised dismantling activities is provided in terms of
application and approval as authorised dismantling facility;
4. an enforcement aid for carrying out seizures is developed;
5. second-hand spare parts are used as a starting point for the identification of nonauthorised dismantling activities; and
6. the exchange of experiences in connection with enforcement is organised via the IMPEL
(Implementation and Enforcement of Environmental Law) network.
In order to improve the Certificates of Destruction, it is recommended that:
1. an information flow from the dismantling facilities to the transportation agencies is
established;
2. the fees for disassembly with and without Certificate of Destruction (CoD) are brought
into alignment;
3. CoDs and information on whereabouts through registration offices are consistently
collected;
4. the non-disclosure of CoDs is penalised as an administrative offence;
5. online decommissioning with CoDs is enabled; and
6. a ban on the re-registration of end-of-life vehicles at the VRO is established.
For the distinction between second-hand vehicles and end-of-life vehicles:
1. analogous to the Waste Electrical and Electronic Equipment Directive (WEEE
Directive) legally binding criteria and procedures should be established EU-wide in
connection with the distinction (taking into account the technical criteria according to
the safety criteria set out in Directive 2014/45/EU);
2. the approaches regarding the distinction of second-hand and end-of-life vehicles should
be operationalised for the day-to-day implementation; and
3. the options in connection with shifting the burden of proof should be applied.
In the area of salvage exchanges and online trade, a better identification of end-of-life vehicles
should be enabled and ensured that they are only available to qualified buyers.
3.4.1.4 ORKAM project (Groke et al. 2017)
The ORKAM project, funded by the German Environment Agency, was concerned with
evaluating the possibility of dismantling a set of 40 vehicle components for the purpose of
recovering strategic/critical raw materials. Most of the conclusions from the project concern
the technical and economic feasibility of dismantling particular components. However, the
following comment regarding data was made:
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"The data basis on the contents of strategic and critical metals in vehicle models and
vehicle components is not sufficient, especially as the equipment with electronic
components and their metal content are permanently changing from one vehicle
generation to the next generation. Different technologies base on varying component
compositions (e.g. magnets with or without rare earth elements). To improve the data
basis, a systematic information flow from the automotive industry to the dismantling
facilities should be established on the contents of strategic and critical metals of their
vehicle components in order to enable the efficient separation and recycling. One
possible approach is to include such information in existing information instruments like
IDIS, another is the labelling of certain components. To provide appropriate dismantling
information, the car producers might pro-vide data from their IMDS information
system." (Groke et al. 2017)

3.4.1.5 ProSUM project (Downes et al. 2017)
The EU-funded ProSUM project led to the construction of a European "Urban Mine Platform".
In this process, the project also generated a large number of recommendations regarding how
to improve the knowledge about the urban mine. The following recommendations are relevant
for data on vehicles:
Table 12: Recommendations from the ProSUM project relevant for vehicles. Excerpt from
Downes et al. (2017).
Recommendation
P1 Establish a working group
with automotive industry,
recyclers and EC to design and
fund comprehensive work to
characterise
Vehicles
for
CRMs.

W3 Building on the work
undertaken
in
ProSUM,
develop and implement defined
quality methods for sampling
and analysing wastes.

Description
Vehicles is the product group with the least
available data for composition, but vehicles
dominate the stocks and waste quantities
estimated for many elements. To reduce the
uncertainty of estimates and provide more
granular mapping of elements, actors should
work together to find a cost effective and efficient
way of producing and sharing product data to
support recycling infrastructure development.
IMDS (international material declaration system)
and IDIS (international dismantling information
system) are currently used by the automotive
industry to monitor legal requirements on
hazardous substances and recyclability, and pretreatment and dismantling information for
selected components, respectively. IMDS is a
closed confidential system and IDIS has limited
information on CRMs. Developing an approach
where targeted elements and components, such as
electronic components, could be better mapped
and shared publicly using IMDS and IDIS (whilst
respecting industry confidentiality) should be
considered as an option.
Existing sampling theory was developed for the
mining industry and is not directly applicable to
highly heterogeneous wastes such as WEEE and
batteries. This prevents calculation of minimum
sample masses and corresponding uncertainties
related to sampling. Improved methods will lead
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F1 Amend vehicle fleet
statistics as reported by Eurostat
to
expand
on
vehicle
characteristics that are crucial
for CRM content, such as
further
specification
of
drivetrain types (especially
electrified ones) and segment.

F4 Develop reporting of vehicle
fleets to minimise the number of
vehicles
of
unknown
whereabouts.

F10 Amend the ELV Directive
to include a requirement for
reporting vehicle age and the
destination of vehicles exported
for recycling and Eurostat to
publish.

F11 Produce publicly available
reports related to the quality of
reported data under the WEEE,
Batteries and ELV Directives.
H2 The ProSUM component
and material code list should be
further refined and statistical

to more accurate and comparable results from
analysis.
Available statistics allowed a correlation of
element contents with common drivetrain types
and mass, but not with different levels of
equipment, such as electric and electronic
systems. The level of equipment could be
assumed to correlate to segment, and as a proxy
for level of segment, cylinder capacity is used.
This is not optimal, especially considering the
growing number of vehicles with no internal
combustion engine, hence, no cylinder volume.
Instead, unambiguous statistics about vehicle
segments coupled to other statistics for drivetrain
and mass is required. For electrified drivetrains,
proprietary information about vehicles placed on
the market was used in ProSUM. If the market for
such drivetrains continues to increase, as is
expected, a differentiation of electric propulsion
power types in public statistics would be very
useful, to correlate to contents in battery and
other electric drivetrain components.
It is well known that a significant number of
vehicles leave the stock without being recorded
as recycled or exported as used vehicles. This gap
of vehicles of unknown whereabouts has been
investigated by the EC. Partly, the gap appears to
be attributable to unreliable data of used vehicles
traded within the EU and differences in countries’
reporting of active and inactive fleets. The
magnitude of this gap may represent an untapped
source of elements.
Vehicle content differs over time, but there is no
information about the age distribution of ELVs
reported as recycled. This affects the uncertainty
of estimated composition. The certificate of
destruction issued for all recycled vehicles should
include the vehicle model year.
Information about member state destinations of
vehicles or dismantled components exported for
recycling and reuse is requested in reporting
guidelines for the ELV Directive, but not reported
by Eurostat. Destinations are important for
establishing the geographical location of
recovery potentials.
The information should then be included in the
statistics for ELVs reported by Eurostat.
It is not possible to assess the quality of reported
data provided under the EEE, ELV or BATT
Directive. The data reports provided by reporting
member states should be made publicly available.
The component and material code lists were
developed at the start of the project. The code list
should be updated to reflect the practical
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data
reconciliation
for implementation of incorporating actual product
consolidating composition data and component data into the structure first
be enabled within the UMKDP. developed. The H2020 project PolyCE, of which
UNU is a partner, should refine and further
develop the polymer code lists from ProSUM.
The main difficulty with consolidating data from
different sources lies in the fact that they use
different sets of components and materials to
describe products. When estimating the average
composition of a product, the normal approach is
to choose a list of materials and components that
is compatible with data from different sources.
This usually requires aggregating some of the
data to a higher level, e.g. grouping all types of
aluminium alloys as one material, or several
different printed circuit boards as one component,
even though more detailed data is available. This
leads to a loss of information. Statistical data
reconciliation is a method that can be used to
estimate the composition on the most detailed
level available, while still taking into account the
more aggregated data.
H4 Gather national material The inability to easily produce reliable national
account data on Eurostat and statistics about reserves, resources, stocks, and
establish ‘ProSUM projects’ to flows of raw materials at Member State level is a
create material accounting for major limitation in establishing supply chain
each Member State.
security and a circular economy. Some Member
States have developed national material
accounting for a wide range of sectors. Some
sectors have a very large contribution to the
national economies, e.g. the automotive sector in
Germany, France, Sweden, Spain and Romania.
The ‘ProSUM approach’ could be implemented
at a Member State level to better identify the
availability of SRMs linked directly to
manufacturing.
Sector specific mass balances could be
undertaken in individual countries. Many of these
sectors have a widespread supply chain, both
within and outside of Europe. Hence it is
recommended to develop improved harmonised
formats for reporting from NSIs to Eurostat.
Some of this research and specific cases studies
are planned in the ORAMA project. This could
be tested in the framework of RMIS 2.0 for
research related to criticality assessment, material
efficiency indicators and policy interventions.
U1 EU-UMKDP scope is The presentation of composition data by
expanded
to
include materials and elements is for totals and does not
recoverability, waste treatment take into account the extent to which these
data and regional spatial materials and elements are recoverable. Further
representation of waste flows.
work is necessary to determine the extent to
which the materials and elements in the urban
mine can be recovered, physically, economically
and with optimised environmental benefit.

76

PolyCE
Consortium

NSIs,
ORAMA
Consortium

ORAMA
Consortium,
ProSUM
Consortium

Funded by
the European Union
During end-user surveying at the start of the
project, it was apparent that the recycling industry
(collectors, dismantlers, pre-processors and
processors) would see benefit from greater spatial
representation and data on the flows of waste
products and components after pre-processing.
This level of detail was beyond the scope and
budget for the project.
The Horizon 2020 funded ORAMA project will
be undertaking work to further refine the
UMKDP. This should include expansion of the
classification system, unified data model and
code lists for the UMKDP.
Any further work should take into account the
Specifications for the application of the United
Nations Framework Classification for Resources
to Anthropogenic Resources being developed by
the Expert Group on Resource Classification
(EGRC) Working Group on Anthropogenic
Resources. These specifications include
definitions for secondary raw materials,
anthropogenic stocks and the extent to which
secondary raw materials are extractable
economically or there is feasibility for extraction.
Gathering of data to determine recoverability will
require a substantial investment, most likely as
part of a new Horizon 2020 project. Calls to be
investigated.
R1 Determine current and The material composition of the urban mine
future potential recovery rates. (WEEE, BATT, ELV) has been characterised as
far as possible using available data. Further work
is necessary to establish how viable these
reserves/resources are. To establish their
potential as commodities, the following
parameters need to be known: concentration and
dispersion; route to market; value of materials
and the physical limits of recycling/recovery; and
the economic viability of exploitation. Further
work is necessary to determine the physical limits
of recycling and recovery. Moreover, these data
would provide insights to feed the discussion on
the measurement and measurability of recycling
rates and the definition of legal targets regarding
recycling efficiency.
The SCRREEN Consortium will propose
requirement for new or improved CENELEC
standards for treatment.
Under the WEEE 2020 Raw Material
Commitment, the WEEE Forum and other
ProSUM Consortium signatory partners have
committed to undertake activity to demonstrate
the potential to increase recycling rates from
WEEE by minimising losses along the value
chain. The WEEE Forum should consider taking
this work forward building on the data produced

77

R1 Determine
current and
future
potential
recovery
rates.

Funded by
the European Union
by ProSUM. Similar approaches should be
developed in parallel with EBRA, Eucobat and
EGARA.

3.4.1.6 Mehlhart et al. – decaBDE/Stockholm Convention (Mehlhart, Möck, and
Goldmann 2018)
A study was conducted by Mehlhart et al. from Öko-Institut on management of decaBDE in
ELVs. DecaBDE is a flame retardant that was included in the Stockholm Convention on
Persistent Corganic Pollutants (POPs) in 2017 (Mehlhart, Möck, and Goldmann 2018).
Although the study did not provide recommendations on secondary raw materials, some of the
observations from the study are nevertheless relevant. The study was funded by the European
Automobile Manufacturers' Association (ACEA).
The following points concern data on SRMs:
 "IMDS [Internation Material Data System] does not refer to a specific vehicle or specific
VIN nor to a specific type, as it does not contain the information on the parts used in a
specific vehicle / specific type (bill of materials)."
 "Even if it would be possible to link IMDS information on parts to individual VINs it is
not certain that after-sales manipulation did not change (add or take out) contaminated
parts."
 "IDIS [International Dismantling Information System] does not provide information to
the dismantlers on PBDE / decaBDE. The design of IDIS refers to vehicle type and does
not provide information on model or VIN level."
 "In result no database / source is available which provides detailed information to the
dismantlers on parts with decaBDE for vehicles of the relevant age."
 "From 2005 onward suppliers of OEMs were to report PBDE and decaBDE to IMDS,
however there is no direct link to individual VIN to detect PBDE and decaBDE containing parts in individual ELVs. During life spans components and parts might be
added / exchanged. No means are in place to detect whether such components and parts
added to an individual vehicle contain decaBDE or other PBDE."
 "In result it is not possible to provide a data set to dismantlers to identify for each VIN
which parts need to be dismantled."
3.4.1.7 Public consultation on the ELV directive
Stakeholders were in 2018 asked to provide feedback to the European Commission in a public
consultation on the ELV directive. The feedback will be used in the upcoming assessment and
revision of the ELV directive that are planned to take place in 2019 and 2020. The feedback
collected from 30 stakeholders is publicly available on the following web-page:
https://ec.europa.eu/info/law/better-regulation/initiatives/Ares-2018-4731779
In the following, we have compiled the comments that concern data and that are potentially
relevant for quantifying secondary raw materials.
German Environment Agency
 "We share the conclusion of the ex-post evaluation that the illegal treatment and export
of ELVs is currently the priority issue to be addressed in the evaluation. We are looking
forward to the environmental and economic analyses of the illegal treatment/ export of
ELVs and the comparison of the cost-effectiveness of different measures to combat
illegal treatment and export of ELVs as a part of the impact assessment. We also see the
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clear link between ensuring the transfer of ELVs to proper treatment and the vehicle
registration systems. Therefore, basic requirements to the national vehicle registration
systems to facilitate the steering of all ELVs into the authorized treatment facilities
should be assessed."
The German Environment Agency further suggested:
 "Assessment of the effectiveness of the implemented national CoD systems at steering
ELVs to ATFs only."
 "Assessment of the criteria applied by the national enforcement authorities to distinguish
ELVs from used vehicles in case of transboundary shipment and within the MS."
CARE group, Empa
 "Lack of detailed information from manufacturers on the composition of cars and their
components is a major obstacle for the development of circular economy policies. An
effort should be made to make sure that such data, which are already systematically
collected e.g. in the IMDS, can be used for policy development and by relevant
stakeholders such as dismantlers."
 "The possibility of setting material-specific targets for overall yields in the chain of
recycling processes should be explored, in particular for critical/scarce metals whose
recovery is not motivated in the current directive. The compliance with such targets
would need to be monitored, e.g. by measuring the concentrations of particular metals
in the various output fractions, such as shredder light fraction, and comparing these to
composition data on ELVs provided by manufacturers (e.g. using information from the
IMDS)."
Swedish Environmental Protection Agency
 "We would further like to address the problem of obtaining data. In other areas, such as
waste statistics, which have a reporting obligation, there is the possibility of submitting
data as confidential, which is missing for ELV reporting. The Swedish Environmental
Protection Agency would therefore take the opportunity to raise awareness that
confidentiality of data could increase the ability to collect data from the producers."
FEDEREC (association of authorized ELV recycling facilities in France)
 "The number of vehicles absent from official statistics in Europe is estimated at 4 million
per year. As a result, this flow is not subject to environmental, technical and economic
control by the authorities. To improve this situation, the revision of the ELV Directive
should provide an opportunity to: i) reinforce the deployment of mechanisms to monitor
the administrative status of vehicles placed or withdrawn from circulation, in order to
ensure that they are properly handled by the legal system and improve the exchange of
this information between Member States when imports/exports are involved; ii) define
the distinctions between used, repairable vehicles and ELVs in a clear and easily
controllable manner."
European Aluminium
 "To facilitate the most appropriate treatment of ELVs by recyclers and dismantlers it
would be important to have more complete information in the International Dismantling
Information System (IDIS)."
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European Automobile Manufacturers' Association (ACEA)
 "Key success factors of an improved EPR scheme are the development of a central
database for registration/deregistration of vehicles in all MS, but not the creation of any
fund-system to financially incentivize last owners or treatment operators."
 "The Automotive Industry considers the problem unknown whereabouts a statistical
gap. It is important to make a distinction between ELV, which are hazardous waste and
“used vehicles”, which are a product. In Europe, mostly used or deregistered cars are
exported and that is not an illegal activity but following the principles of free trade of
goods. An introduction of additional legal requirements would become obsolete if
authorities enforce or strengthen the existing system for issuing CoD to improve
statistical data sources. Another useful measure is the introduction of penalties (eg
continuation of taxes and/or yearly registration fee, limiting temporarily deregistration)
when CoD haven’t been issued or used properly."
Anonymous (Denmark)
 "When calculating recycling and recycling rates, the same calculation methods are not
used in all EU countries. For example, the fraction "Fines" in Denmark is considered as
landfill because the fraction is deposited while the exact same fraction in Germany can
be poured into mines and thus recorded as recycling in the calculation chart, citing that
shredder waste in mines is natural regeneration. Calculation methods and terms should
be the same in all member states, so there are equal terms for everyone."
3.4.2 Proposed strategies
3.4.2.1 Classifications
Composition
Quantification and comparison of the composition of vehicles and their components are
currently inhibited by the use of different classification systems and naming conventions for
components and materials (Downes et al. 2017; Du et al. 2015). As pointed out by Mehlhart et
al. (2018) and Restrepo et al. (2017), this is also the case within data systems used by the
industry, such as the International Material Data System (IMDS) and the information products
from the DAT Group, where components or functions are given different names depending on
the manufacturer. In addition, there are challenges in harmonization between these systems:
For example, the International Dismantling Information System contains data on vehicle types
(the unit set of vehicles going through type approval), while some of the DAT products refer
to individual vehicles through the vehicle identification number (VIN). It is not clear from the
available sources at which level manufacturers store data in the IMDS. For harmonization and
also to provide as accurate information as possible (e.g. to dismantlers), it would be beneficial
that all of these systems operate on the VIN level, referring to unique individual vehicles.
Harmonization between the data systems in industry must, for obvious reasons, largely be
driven by the industry itself.
Stocks and flows
According to the report by Mehlhart et al. (2017), Eurostat publishes data on the vehicle stock
and new registrations of the EU MS each year. The data submission to Eurostat is voluntary
and was by far not complete in the past. In addition, the data is collected for so called `age
groups´ only (less than 2 years, from 2 to 5 years, from 5 to 10 years, 10 years or over,
respectively for more since 2013 in addition from 10 to 20 years and 20 years or over). This
data structure hampers the use of the data for calculating the outflow from the stock. Not least
the categories of vehicles are not the same as the vehicles mentioned in the ELV Directive (M1
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and N1). The recommendation is then to change the current approach to report data to Eurostat
by ‘age group’ to detailed age until the age of 20 years as the data is available to the MS. Only
such an approach allows appropriate use of the data.
In addition, there is also some vagueness about the definition of what should be considered for
the vehicle stock. The recommendation is that vehicles without indemnity insurance shall not
be accounted for the stock of registered vehicles.
The availability of harmonized data is a precondition for the validation of data on ELVs. The
details which data should be recorded by the MS are defined in the Directive on registration
documents for vehicles (1999/37/EC).
Another gap in classification which was identified by ProSUM, and which is being dealt with
during the ORAMA project, is the incompatibility of reporting new registration of passenger
cars by type of motor energy and engine size with the emerging technology such as hybrid and
electrical vehicles. Since new technologies are emerging without having traditional engines,
cylinder volume may not be applicable in the future. The recommendation is to use a new
classification for the emerging technologies that can be further harmonized with the current
classification, and to use power as a classification feature rather than/in addition to cylinder
volume. ProSUM recommended to amend vehicle fleet statistics as reported by Eurostat to
expand on vehicle characteristics that are crucial for CRM content, such as further specification
of drivetrain types (especially electrified ones) and segment.
Final recovery rates
If the data were reported per cohort, rather than per "age group" as explained above, there
would be a possibility to request different recycling rates for each specific cohort. Recently
produced cars could be required to have higher recycling rates and follow more restricted rules.
However, this is a very ideal scenario and might not be feasible to implement in the near future.
3.4.2.2 Stakeholder involvement
Composition
The distribution of critical/scarce metals between different subsystems or components in
vehicles has been investigated in several studies, but the scope, level of detail and/or
uncertainties make it difficult to conclude what the most important hot-spots of critical/scarce
metal use are (Widmer et al. 2015; Restrepo et al. 2017; Du et al. 2015; Alonso et al. 2012;
Andersson, Ljunggren Söderman, and Sandén 2016; Cullbrand and Magnusson 2011; Field et
al. 2017; Ortego et al. 2018).
Appropriate policies to manage the life cycle of materials and substances in vehicles (including
valuable, critical, strategic and hazardous substances) can only be developed based on detailed
information on the composition of vehicles. At present, the necessary information is not
available to policy-makers or researchers. Only the vehicle manufacturers have access to this
information, in particular through the International Material Data System (IMDS). Some
information (mainly related to hazardous substances) is made available to dismantlers through
the International Dismantling Information System (IDIS). To facilitate recycling-oriented
decision by dismantlers, there should also be a systematic flow of information related to
secondary raw materials from manufacturers to dismantlers, e.g. through a connection between
IMDS and IDIS (Groke et al. 2017).
As recommended by the ProSUM project, the first step towards an increased recovery of a
wider range of substances from vehicles should therefore be to establish a working group
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involving key stakeholders. One of the main goals of this working group should be to explore
how information and knowledge from car manufacturers can be: i) used to inform development
and implementation of policies in the area of ELV management; ii) provided to dismantlers or
other stakeholders that need the information to comply with regulations or to make recyclingoriented decisions regardless of regulation (e.g. by identifying devices for which separate
recycling could lead to additional profit).
Such a working group should include representatives from the European Commission, the
European Automobile Manufacturers' Association (ACEA), the European umbrella association
for the national associations of automotive recyclers (EGARA), the International Material Data
System (IMDS), the International Dismantling Information System (IDIS) and researchers in
the field of ELV management and recycling.
Stocks and flows
EC, Eurostat, MS, vehicle registries should amend vehicle fleet statistics as reported by
Eurostat to expand on vehicle characteristics that are crucial for CRM content, such as further
specification of drivetrain types (especially electrified ones) and segment. In addition to that,
the same stakeholders should develop reporting of vehicle fleets to minimise the number of
vehicles of unknown whereabouts.
There should be a working group to discuss among member states, the EC and perhaps Eurostat
with a support from researchers about the possibility of a Europe-wide database on registered
vehicles. EC and Eurostat could produce publicly available reports related to the quality of
reported data under the WEEE, Batteries and ELV Directives.
3.4.2.3 Monitoring
Composition
As stated in the final report of the ProSUM project, "future prospecting of the Urban Mine at
the national or regional level should rely more on manufacturers' ex ante data to reduce efforts
and costs". The need for manufacturers' data is also highlighted by Groke et al. (2017). Until
manufacturers' data become more available for such purposes, there will be a continued need
to obtain composition data (e.g. to identify hotspots of CRM use) through sampling and
analysis of waste components or materials. Moreover, sampling and analysis will always play
a role in independent monitoring and control of the management of substances contained in
vehicles, considering potential secondary raw materials as well as hazardous substances.
Therefore, there is a need to continue the development of sampling and analysis methods to
make them more reliable, but also to identify options to reduce their cost.
Stocks and flows
The main fields of recommended activities to improve monitoring how ELVs are handled
across the EU and tracking the whereabouts of the used vehicles/ ELVs based on the reviewed
reports are:
1. Improvement of registration and de-registration systems.
2. Harmonized definition of the terms `de-registration´ and `temporary de-registration´
3. Adjustment of the stipulations of Article 5 of the ELV Directive. The suggestion is
replacing the term `deregistration´ in Article 5 (3) the ELV Directive with the term
`cancellation of a registration´ referring to the Directive on the registration documents
for vehicles (1999/37/EC). MS shall set up a system to apply permanent cancellations
of registrations for the following conditions: a) presentation of a certificate of
destruction b) proven export of a vehicle, c) proven theft of a vehicle d) official
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statement/ document from owner that the vehicle is no longer available for reregistration.
4. Develop reporting of vehicle fleets to minimise the number of vehicles of unknown
whereabouts.
Final recovery rates
As highlighted by some stakeholders in the feedback to the European Commission on the
evaluation and revision of the ELV directive, the current recycling and recovery rates are not
comparable between different member states due to the use of different calculation methods.
The harmonization of these calculation methods should be driven by the European Commission
in the revision of the ELV directive.
The introduction of material-specific recycling targets is under discussion in the ongoing
evaluation of the ELV directive (European Commission 2018). The introduction of such targets
would need to be accompanied by a monitoring process whereby e.g. data from manufacturers
on the composition of ELVs is compared with measurements of the composition of outputs of
the shredder process. As stated in the subchapter on Monitoring - Composition, such a
monitoring process may require the development and standardization of sampling and
analytical methods.
There is a need for monitoring the recycling processes to be able to comply with
environmentally preferred options rather than marginal economic benefits of recyclers. It
should be considered if separation before shredder and/or if advanced separation technologies
after shredder should be mandatory to support environmentally preferred options for recycling.
Two aspects were observed in the current recycling practices; 1) downcycling with examples
of glass after shredder goes for construction purposes, plastics goes for low quality recycling
or used for drainage of sewage sludge, aluminium alloys are not separated, etc. 2) recyclers do
not compensate additional effort to apply environmentally preferred options.
3.4.2.4 Research
Composition
As explained in the previous Sections on stakeholders and classification, several key
developments for improved composition data will need to be driven by actors in the industry.
Nevertheless, there will be a need for continued generation of independent data from sampling
and measurements. In both cases, harmonization of data between different providers is a crucial
element to allow for data consolidation and comparison.
In general, there is a need for standardized data formats to facilitate cumulative research based
on reuse of data, to enable data to be used in other fields, and to comply with requirements of
funding agencies regarding long-term data management (Pauliuk 2017). Considering these
needs, we propose the development of an online data repository for composition data, covering
any anthropogenic (human-made) materials and objects. Such a data repository would provide
an opportunity to define standardized data formats and thereby contribute to the harmonization
of data on secondary raw materials.
More than 2000 online research data repositories already exist, most of them discipline-specific
(“Registry of Research Data Repositories” 2018), including data repositories on geogenic
materials such as the EarthChem Library (http://www.earthchem.org/library). However, no
repository is designed for the storage of composition data on anthropogenic objects and
materials.
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A large amount of data on the composition of EEE, batteries and vehicles were collected and
harmonized within the ProSUM project. However, as the primary goal was to create the Urban
Mining Platform, which contains highly aggregated data, no database was established for
storage of raw data, such as material compositions obtained by chemical analysis or from
manufacturer data sheets.
Members of the ProSUM consortium responsible for composition data and data models are
good candidates to drive the development of a data repository on the composition of
anthropogenic objects and materials.
Final recovery rates
Mehlhart et al. (2017) made some recommendations to improve the ELV directives, and among
those, the following are related to final recovery rates:
Research is stimulated on recyclability of new materials/ components and the use of secondary
raw materials. Vehicle production causes relevant demand for raw materials and could induce
high demand for secondary raw material. Article 4 (C) of the ELV Directive addresses the use
of secondary raw materials in a general manner. However, it is voluntary and there are no
targets and detailed provisions apply. There is a need for further discussion if specific targets
for use of different secondary raw materials are relevant and applicable.
Establish separate targets for reuse in the ELV Directive. According to the Waste Framework
Directive reuse is of higher priority than recycling. However, the ELV directive does not
establish targets for reuse. Netherlands have high reuse rates (in average 2010-2014 = 24% of
the ELVs) while Germany and Austria have small reuse rates of 5.2% only.
To be assessed if the intention to keep the recyclable volumes free of contaminates is
sufficiently addressed by the existing clauses in the ELV Directive and the REACH and POP
regime or if additional substances should be added to Article 4 (2a). Restricted substances: Pb,
Hg, Cd, Cr(VI).
Electric vehicles with very diverse and valuable components need a new dismantling concept.
Therefore, there is a need to review research on recyclability of electric vehicles components.
In addition to that, there might be some overlaps with Battery Directive and this needs further
assessment of the coherence of the two Directives. According to the Battery Directive the
recycling target for Li-Ion batteries for vehicle power batteries is 50% by the average weight.
There are critics toward the Battery Directive itself since the 50% target is very general and
may not cover the recovery of the critical materials such as cobalt. Besides that, such a low
recycling rate might jeopardise the achievement of the targets of the ELV Directive.
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3.4.3 Prioritised actions
Table 13: Overview of prioritised recommended actions for ELV
Action
Establish a working group
to explore the possibility
of using manufacturers'
composition data (e.g.
from IMDS) for 1)
identification
of
components
to
be
dismantled
for
SRM
recovery; 2) development
of ELV management
policy in general.
Create a data repository
for composition data on
anthropogenic objects and
materials.

Stakeholders
Involved
European
Commission,
ACEA,
EGARA,
researchers
(ORAMA
partners)

Time
Frame
Short
term

ORAMA
Medium
partners
(+ term
other
researchers)

Priority

Feasibility

High

Depends
on
industry's
willingness to cooperate. The
main constraint is related to
respecting confidentiality of
data from suppliers. Requires
some human resources and
good networking capacities.

High

Technically very feasible. It
will be challenging to convince
researchers to use such a
repository, and to ensure longterm financing. Requires
substantial human resources
for initial development, and
afterwards a smaller amount of
human resources and IT
infrastructure (servers) for
maintenance.
Must be driven from within the
industry. Very challenging due
to the complexity of vehicles
and diversity of components,
materials
and
naming
conventions.
The feasibility is high. There is
a need for a new guideline
from EC to MS.

Harmonize data within and Automotive
Medium
between data systems in industry and term
the automotive industry.
representatives
from
IMDS
and IDIS

Medium

Mandate
improved EC
reporting on the stock of
vehicles and status of
registrations.

Short
term

High

Member
Long
States,
term
Eurostat, EC,
ELV actors,
Car owners

High

Improve monitoring and
tracking the ‘unknown
whereabouts’
of
the
vehicles

Improve the quality of data Eurostat, EC
through ensuring robust
data
verification
procedures are carried out.

Medium
term
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High

The feasibility is very low. It is
required to have major data
improvement
and
harmonization for registration
and
de-registration.
In
addition, there are several
stakeholders that are involved
in the process.
This
requires
procedure
development to improve data
quality and it is fairly feasible
through
a
collaboration
between Eurostat and EC.
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3.4.4 Case study proposal
Motivation and purpose
The rapid penetration of electric vehicles, including full battery electric vehicles (BEV), hybrid
electric vehicles (HEV) and plug-in hybrid electric vehicles (PHEV), is causing a steep increase
in the production and use lithium-ion batteries (LIBs) and nickel metal hydride (NiMH)
batteries. The growing stock of rechargeable batteries in use is a potential future source of
secondary raw materials such as cobalt, lithium, nickel, light rare earth elements and graphite,
most of which are associated with concerns over long-term supply from primary sources. Due
to the lifespan of vehicles and their batteries, the number of batteries reaching end-of-life is
still small, despite fast growth in electric vehicle sales. It is expected that these amounts will
grow substantially in the coming years. The number of batteries available for material recovery
also depends on the extent to which the batteries are repaired and remanufactured, or reused in
other applications such as energy storage in buildings.
In anticipation of these changes, it is important to provide estimates of the amounts of
rechargeable batteries of various types that reach end-of-life and are made available for
material recovery, repair, remanufacturing and reuse in other applications. Such information
will help policy-makers and industry to prepare for dealing with this new waste stream, by
establishing appropriate take-back systems and ramping up the capacity of
recycling/repair/remanufacturing infrastructure. In addition to forecasting future end-of-life
battery flows, it will be necessary to closely monitor the current system at any given time to
identify options for improvement. Both of these objectives require data that to a large extent
are not readily available today.
Goals
Estimates of end-of-life battery flows can be obtained using modelling methods such as
dynamic material flow analysis (MFA). These models must be fed with appropriate data, such
as the number and mass of batteries entering use in a given year (or other period) and their
lifetime. Current statistics on vehicles often do not provide the necessary information. For
example, to be able to find the mass of batteries, there is a need to consider vehicle properties
that influence the size of batteries, such as the power (rather than the engine displacement).
The availability and quality of data related to batteries in all types of electric vehicles is the
topic of this case study.
We will address the following questions in the context of management of electric vehicle
battery material flows:
1. Which types of data related to vehicles are needed to provide useful estimates of current
and future electric vehicle battery stocks and flows, and what level of detail is needed in
the data?
2. Which institutions collect, hold and publish the data today?
3. How are the current procedures for data collection and publication?
4. How can the procedures for data collection and publication be changed to improve
estimates of electric vehicle battery stocks and flows?
Before we begin to answer these questions, it will be essential to establish a good understanding
of how the material cycle of passenger vehicle batteries works today and how it may change in
the future, through the creation of an appropriate system model. This model will provide an
overview of the different actors in the system, how they are related through material flows,
what routes batteries may take to enter the system, and where they may end up when they are
no longer used in vehicles. We will take one European country as an example and quantify a
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stock or flow of specific battery types in vehicles, based on detailed data on the most common
electric/hybrid vehicles. The results will be compared to results obtained by calculations with
more aggregate data and assumptions (e.g. as done in ProSUM), to draw conclusions regarding
the required information and level of detail in vehicle classifications used e.g. by Eurostat. In
general, we will discuss how reporting on the EU and national levels may be improved for the
purpose of better management of battery material flows.
Timeline
30.11.2018
31.1.2019
28.2.2019
31.3.2019
31.5.2019

System model finalized
Review of data needs finalized (question 1)
Description of data availability, collection and publication practices finalized
(question 2 and 3)
Example quantifications finalized
Deadline deliverable report, including recommendations and good practice
guidelines (question 4)
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4 W/EEE
4.1 Inventory of data sources
The data inventory focusses on the following types of data related to electrical and electronic
equipment:
1. EEE placed on the market
2. Composition of (W)EEE
3. Stocks
4. Waste collection
5. Waste generation
6. Complementary flows of WEEE (WEEE in metal scrap, WEEE scavenged, WEEE
disposed in general mixed municipal waste etc.).
4.1.1 EU level data sources and availability for W/EEE
This Section provides a summary of the different data sources available. In many cases, data
sources hold information on more than one of the data types listed above. For this reason, we
have grouped them into pan-European, multi-national, national and other types of data sources.
Annex 2: Overview of data availability of WEEE in Eurostat provides an overview of the data
on W/EEE available in Eurostat and a general overview of the data available from different
sources in EU countries. Both tables were produced in the frame of the ProSUM project which
delivered the Urban Mine Data Platform. The platform provides a compilation of information
available from the mapped sources on the types of data listed above.
4.1.1.1 Pan-European data sources
Eurostat
The general overview of data availability for WEEE in Eurostat appears in Annex 3. Under the
first WEEE Directive (2002/96/EC) Member States of the European Union were obliged to
report to DG Environment the amount of EEE placed on the market and WEEE collected,
treated, recycled and recovered in the 10 categories of the WEEE Directive every two years
(reporting years 2006 – 2012) and contained both odd and even years as separate entries.
Although Article 16 (5) of the Directive 2012/19/EU (recast) requires that the reporting
concerning the implementation as well as the data will take place every three years, EC and
Member States agreed to report their data annually and submit it 18 months after the end of the
respective reporting year (Eurostat 2017a; European Commission 2015; 2014; 2013). This has
been implemented since the reporting year 2013. The reported data are typically published 3
months after the submission deadline by Eurostat. This practice of annual reporting will be
made legally binding within the Legislative Proposals of the Circular Economy package
(Council of the European Union, 2018). Furthermore, the proposal intends that the data has to
be accompanied by a quality check report and that the EC assesses the data collection and the
methodology used in the Member States in terms of completeness, reliability, timeliness and
consistency of that data. This EC report shall be published every four years and may include
recommendations for improvement. Further, this proposal no longer plans that the
implementation of the WEEE Directive in the Member States has to be reported.
Commission Decision 2005/369/EC lays down the data format of reporting. However, the
format still refers to the first WEEE Directive but will be updated in the turn of 2018 (Banti
2018). The Commission Decision on the format is supplemented by an Eurostat Guideline
(Eurostat 2017a) that is frequently updated. Since its version from July 2017 it contains a new
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wording concerning the columns of Table 2 – adapted to the targets of the new WEEE
Directive.
The submission of a quality report was already requested since 2014 but was not mandatory.
Also, for this already exists a template that Member States can use; the template is updated
frequently (Eurostat 2017a).
Evaluation of the data that are available from Eurostat concerning WEEE considering the
aspects of scope, spatial area, and time coverage is depicted in Table 14.
Table 14: Data on Eurostat concerning WEEE
Waste step

Scope4

Collection

EE_LHA
EE_SHA
EE_IT
EE_CON
EE_LIT
EE_GDL
EE_EET
EE_TLS
EE_MED
EE_MON
EE_ATD
See above

Treatment

Recovery
reuse

for See above

Spatial area

Time
coverage
EU28 + NOR 2005-2015

Units

Description

Tonnes,
Kg/inh

Distinction of collection
in:
Total,
Collection
from
households
and
collection from other
sources. (COL_HH
COL_OTH)

EU28 + NOR 2005-2015

Tonnes,
Kg/inh, %

2005-2015

Distinction of:
TRT_NAT, TRT_OEU,
TRT_NEU
%, Kg/inh Distinction of:
and Tonnes RCY_REU

Data on complementary flows of WEEE is partially available on Eurostat, although the access
to this information is restricted. The ProSUM project delivered an overview of the data
available in Eurostat that is reproduced in Annex 2: Overview of data availability of WEEE in
Eurostat.
Eurostat is supposedly the most complete existing database for WEEE, as it compiles annual
information from 31 countries. Currently publicly available data covers the period running
from 2006 to 2015 and is provided at an annual basis since 2013. As regards transparency of
data collection methods and internal consistency, the data reported by Member States must be
accompanied by a quality report, and Commission Decision 2005/369/EC by setting a reporting
template and reporting requirements for Member States, however some inconsistencies might
be spotted between for example, data reported to Eurostat and data collected by the national
WEEE registers. The level of detail of the data reported is good according to Table 14, because
Eurostat provides information in 10 categories.

4

LHA: Large Household Appliances, SHA: Small household Appliances, IT: IT and telecommunications
equipment, CON: Consumer equipment and photovoltaic panels, LIT: Lighting equipment, GDL: Gas discharge
lamps, EET: Toys, leisure and sports equipment, TLS: Electrical and electronic tools, MED: Medical devices,
MON: Monitoring and control instruments, ATD: Automatic Dispensers
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4.1.1.2 European and International trade and production statistics
Foreign trade (import and export) statistics for each product are registered under the
Harmonized Commodity Description and Coding System (HS codes) developed by the World
Customs Organization. Similarly, production statistics use the Central Product Classification
(CPC), which is linked to the HS classification. Such an integrated system allows for
comparability between statistics produced in different statistical domains. There are about 270
codes regarded as relevant to EEE, according to their descriptions. Meanwhile, descriptions
that refer to parts of EEE were excluded, as it would create double counting. The HS codes link
to the official EEE classification called UNU-KEYS developed but United Nations University.
A correlation table between HS codes and UNU-KEYS can be found in the second edition of
the E-waste statistics guidelines (Forti et al. 2018). By using the correlation tables, international
trades of EEE can be traced for EEE-related HS codes. A correlation between HS codes and
UNU-KEYS has been jointly developed by United Nations University and Statistics
Netherlands (Baldé et al. 2017).
In Europe, a more detailed and fully compatible coding system named Combined
Nomenclature (CN codes) is used, in which the first six digits correspond with the HS codes
with the seventh and eighth digits relating to EU specific subheadings (Eurostat 2018a). In
parallel, domestic production is registered under the Community Production system (ProdCom
codes). In most cases, one ProdCom code corresponds to one or more CN codes, and a linkage
table with coding details is available annually in the EU Ramon database (Eurostat 2018b).
There are around 4000-6000 ProdCom codes and 8000-9000 CN codes for all commodities per
year. From this, there are around 160-250 ProdCom codes to be regarded as EEE relevant, 16
according to their literal descriptions. By using the linkage tables, the corresponding CN codes
can be traced from EEE-related ProdCom codes. All EU-28 countries report sales data in CN
codes to Eurostat, and Switzerland and Norway does not.
4.1.1.3 Multi-national data sources
WEEE Forum
The WEEE Forum (WF) is a not-for-profit association of 36 WEEE producer responsibility
organisations (or ‘producer compliance schemes’) in Europe. The WEEE Forum provides a
platform for producer responsibility organisations to take on the challenge of management of
electrical and electronic waste in Europe by fostering ideas and sharing best practice whilst
optimising environmental performance through the proper management of WEEE. It is the
largest organisation of its kind in the world. Over the years, producer responsibility
organisations within the WEEE Forum have acquired substantial know-how on the technical
aspects of collection, logistics and processing of WEEE.
Every year, members are asked to provide their statistics and country data to a web-based
software platform on the quantities of electrical and electronic equipment that their client
producers have placed on the market, and the quantities of WEEE that they have collected.
The classification used by the WF comprises 17 categories for the products placed on the
market. The groups are a more detailed list based on the 10 (W) EEE categories defined in the
original WEEE Directive. Table 15 displays the list of Key Figures (WEEE Forum) categories
and their correlation with those in the WEEE Directive. Table 16 shows the categories used to
report WEEE collection.
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Table 15: List of Key Figures (KF) categories for POM
10 WEEE cat
(Directive)

1
2

3

4

5
6
7
8
9
10

KF
category
1a
1b
1
2
3a
3b
3
4a
4b
4
5a
5b
5
6
7
8
9
10
PV
Other

Description of KF category
Large household appliances (ex C&F's)
Cooling & freezing appliances (incl. air con.)
Total LHHA + C&F
Total Small Household Appliances
IT&T equipment (excluding monitors)
All monitors - IT&T
Total IT&T equipment + monitors
Consumer equipment (excluding TV's)
All TV's – CE
Total CE + Screens + PV
Luminaires
Lamps
Total Lamps & Luminaires
Electrical and electronic tools
Toys, leisure and sports equipment
Medical devices
Monitoring and control instruments
Automatic dispensers
Photovoltaic panels
"Other" WEEE

Table 16: Correlation of WEEE Directive categories and Key Figures (KF) categories
10
WEEE
cat
(Directive)
1
1
3
2, 3, 4, 5, 6, 7, 8, 9, 10

KF category

Description of KF category

A
B
C
D

3, 4
5
4

E
F
G

Large household appliances (ex C&F's)
Cooling & freezing appliances (incl. air con.)
IT&T equipment (excluding monitors)
OWAB (mix of small equipment and other
categories not included in other groups)
Screens
Lamps
PV panels

WF members provide data from their own systems and data at country level. When no official
country data are available, estimates are provided. Data from public and official sources are
sometimes included in the platform such as UK (reports for the amount of EEE placed on the
market and WEEE collected in the UK under the WEEE Regulations by UK Environment
Agency) and German data (public overview of figures from the Stiftung Elektro-altgeräte
register) as well as French data from the ADEME French office (Rapport annuel du registre
des Déchets d'équipements électriques et électroniques French Environment & Energy
Management Agency. See also Section 4.1.2.1). Often, official data sources do not match the
structure of the categories provided in the KF platform, therefore, members apply estimated
split factors in order to make data compatible with the data structure of the platform. These
split factor may be based on sampling campaigns performed at collection points or recycling
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facilities, or if these are not available, based on standard values calculated with other WEEE
Forum members data. The data covers currently the time period from 2010 to 2016 for an
average number of 17 EU Member States.
The Key Figures may lack spatial coverage because it does not cover all EU Member States,
but an average of 17 countries. As regards timeliness, this can be considered a good data set as
data is provided on an annual basis and covers the time period from 2010 to 2016. Level of
detail of data reported is good based on Table 2 because WEEE is reported in seven categories.
Data provided to the platform is coming from official WEEE registers or clearing houses. When
this information is not publicly available, reporters may get similar information from other
sources, such as internal country reports or clearing houses, therefore it can be considered that
the way of collecting the information is quite homogeneous for all reporters (good
interoperability and transparency). A method to identify differences in the composition of the
reported categories is in place, and this information allows for a good understanding of data
comparability.
DIGITALEUROPE and APPLiA
DIGITALEUROPE represents the digital technology industry in Europe. Its members include
some of the world’s largest IT, telecoms and consumer electronics companies and national
associations from every part of Europe. Its mission is to foster, on behalf of its members, a
business, policy and regulatory environment in Europe that best realises their vision.
DIGITALEUROPE’s members include 60 corporate members and 37 National Trade
Associations from across Europe5.
APPLiA, formerly known as the European Committee of Domestic Equipment Manufacturers
(CECED), is a Brussels-based trade association that represents the home appliance industry in
Europe. It promotes the industry’s general mission to increase product innovation while
reducing the environmental impact of appliances. APPLiA is a member-driven Association
with 19 Direct Members and 26 National Associations covering 25 countries6.
Producer associations such as APPLiA and DIGITALEUROPE often issue reports and perform
studies that may contain information on the composition of WEEE. An example of this is the
Information for Recyclers Platform (I4R), managed by DIGITALEUROPE, APPLiA and the
WEEE Forum. The I4R platform provides treatment and recycling facilities and preparation
for re-use operators with access to WEEE recycling information in line with the requirements
of Directive 2012/19. Information on hazardous substances and components to be removed
according to legislation is shown for different categories of products in this platform.
EERA (European Electronics Recyclers Association)
EERA, the European Electronics Recyclers Association, represents more than 38 recycling
companies which are based in 17 European countries7. Important activities of the association
are the dissemination of publications, documents and studies of common interest, the
organization of gatherings for the exchange of information and informing the public and
relevant organizations. The network of EERA members is a relevant stakeholder for the project,
as they are able to provide information on the composition of WEEE.

5

http://www.digitaleurope.org/Aboutus.aspx
http://www.ceced.eu/site-ceced/about-us.html
7
http://www.eera-recyclers.com
6
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Other Associations
Other national and European recyclers associations can be mentioned in this point, such as ‘The
European Recycling Industries’ Confederation (EURIC), the European Federation of Waste
Management and Environmental Services (FEAD), which represents the European waste
management industry, and the European Association of Metals (Eurometaux). This type of
organisations may facilitate dialogue with their members for data collection. Information on
quality, quantity, composition and treatment of the WEEE collected may be shared by EURIC
and FEAD partners. Eurometaux members such as for example the European Copper Institute,
the Nickel Institute or the European Aluminium have access to information on specific
materials and flows.
4.1.2 National data sources and availability for W/EEE
4.1.2.1 National authorities and EPAs
National authorities and Environmental Protection Agencies (EPA) were mapped and listed in
the (Rotter et al. 2016). These organisations usually collect and monitor data on WEEE,
specifically data that will be used to control the achievement of the targets set by the WEEE
Directive and national transposition. Therefore, data collected by these organisations comprises
amounts of WEEE collected and EEE placed on the market. The level of detail and aggregation
of the data varies greatly from country to country, which complicates comparability. Data is
not always available on an annual basis but certain countries issue annual reports. Other
countries provide quarterly data available on line (such as the public overview of figures from
the German Stiftung Elektro-altgeräte register and the monthly figures appearing on the
website of the Italian Centro di Coordinamento RAEE ). In some instances, data are not
publicly available or just released with low frequency. Some databases are only available in
the local language which limits inclusion in this report.
The European Commission (European Commission 2005) issued a draft Implementing
Regulation (IR) establishing the format for registration and reporting of producers of electrical
and electronic equipment and the frequency of reporting to the register. At the time of writing
this deliverable, a consultation open to stakeholders had gone through.
Data from national authorities is regulated by national legislation, therefore these databases can
be quite different between countries. National registers use their own agreed reporting
categories and frequencies and publication of data also varies from one country to another. In
most cases data is available in the local language only. The European Commission is currently
working on an implementing regulation establishing the format for registration and reporting
and the frequency of reporting to the register (Ares 2018, 754618). Input for preparing such
regulation is partly based on the report prepared by TRASYS that provides an overview of the
existing national registers and the information they collect.
4.1.2.2 National organisations
National organisations such as WEEE Compliance Schemes, Coordination centres, Producer
registers, Recycling funds, National statistical institutes (NSI) and Waste management
associations were identified and mapped in D 4.1 delivered by the ProSUM project (Rotter et
al. (2016). The availability of data provided by these organisations at Member State level is
summarised in Annex 3.
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4.1.3 Other data sources
Universities and research institutes
A variety of universities and research institutes are dealing with the characterisations and
analysis of WEEE related topics, such as United Nations University, Technische Universität
Berlin, and Fraunhofer Institutes. Most of the research is linked to regional, national and
European projects. A selection of relevant data sources was also provided in D4.1 delivered by
ProSUM project.
Examples of the research performed by these institutions are the existing studies performed by
the United Nations University. The United Nations University has conducted four studies in
2011 and 2012 for Italy, France, the Netherlands and Belgium. In those country studies, inputoutput modelling was used to establish EEE sales, stock levels, lifetime parameters, calculated
WEEE generation, and WEEE collection data for all 54 UNU-keys. Similar studies have been
performed since then for Italy, France, Belgium, Romania and the Netherlands (whose results
were revised and updated later on, Magalini et al. (2012), BIO Intelligence Service S.A.S
(2013), Huisman et al. (2013)).
4.1.4 Selected Country Case studies of data management on MS level
A number of country reports were identified in CWIT project and ProSUM. The United
Nations University has conducted four studies in 2011 and 2012 for Italy, France, the
Netherlands and Belgium. In those country studies, input-output modelling was used to
establish EEE sales, stock levels, lifetime parameters, calculated WEEE–generation, and
WEEE-collection data for all 54 UNU-keys. At the time these studies were performed, the
grouping of the UNU-keys differed slightly compared with the current one, but the data
can easily be transferred to the latest version of the UNU-keys. In addition, these studies
show a rather similar pattern to the complementary flows compared to the CWIT figures.
4.1.4.1 WEEE officially reported
In the CWIT project, a consolidation is made of the reported WEEE collection volumes per
country, based on Eurostat, WEEE Forum Key Figures and completed with individual
compliance scheme reports such as for Switzerland (SENS, 2013). This information is further
expanded with data from Eurostat covering also 2013 and 2014 as well as individual data points
from national registers/ compliance schemes. An important note is that Eurostat is being
reported in 10 categories, hence a conversion to 6 collection categories will be needed to adapt
to the WEEE Directive requirements. In some cases, this creates mismatches as Member States
for instance did not split IT equipment in Small IT and Screens, or the totals for CRT screens
not being split properly between category 3 (monitors) and category 4 (TV’s). To solve this
situation, the CWIT project proposed the use of UNU keys for W/EEE reporting. The UNU
Keys provides a list of product categories that allow conversion of figures from 10 to six
categories and vice-versa (see Annex 1).
4.1.4.2 WEEE in Residual Municipal Waste
For the CWIT project, a literature review and a statistical analysis was done to assess the
amount of WEEE in residual municipal waste in the EU28, plus Norway and Switzerland. The
goal was to capture all WEEE that is disposed of by households, public sector and services in
the mixed municipal waste bin.
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The existing literature review revealed that data is found in different formats covering different
years. For rich or large economies, more data is found in literature. The results of the literature
review and the analysis of the data were compiled in D 4.1 delivered by ProSUM project and
were based on the first results provided by the CWIT project.
Table 17: Raw data from the literature review for WEEE in residual municipal waste performed
in CWIT project
Country
Yr
2010
BE
2009
BG
2012
CH
2010
CZ
2012
DE

Amount
1.54
0.0
10 000
24 400
0.6
1.4

Reported unit
kg/inhabitant
% in residual waste
Ton
Ton
% in residual household waste in
Bayern
kg/inh in Hamburg

DK

2010

29

g per household per week

ES

2010

EE
FR
UK

2011
2007
2010

0.12
0.34
1.8
1.0
194

% in residual household waste
% in Refuse derived fuel
% in residual household waste
kg / inhabitant
Kt

IT

2010

NL
PT

2010
2007

per
product
2.3
16 000

% in households
WEEE in waste bin
kg/inhabitant
Ton

RO
SE

2009
2010

0.1
0.46%

% in residual waste
% in residual waste

Source
(Wielenga, 2013)
(Dvoršak S. et al., 2011)
(Steiger, 2014)
(Polak, N/A)
(Bayerisches Landesamt für U
mwelt,
2012)
(N/A,
Hausmüllmenge
und
Hausmüllzesammensetzung in
der Freien Hansestadt Hamburg
im Jahr 2012, 2013)
(Bayerisches Landesamt für U
mwelt, 2012)
(Montejo, 2011)

(N/A, 2013)
(Monier, 2013)
(Bridgwater, 2010) (WRAP,
2011)
disposing (Magalini, 2012)
(Huisman, 2012)
(Bayerisches Landesamt für U
mwelt, 2012)
(Dvoršak S. et al., 2011)
(Avfall Sverige, 2013)

The percentage of products quantified by sorting analyses of municipal residual waste differed
in the publications reviewed. Where groupings used comparable terms they may also have
differed in scope. Thus, it is not straightforward to obtain a good harmonised dataset on the
product composition and research differences per country. Nevertheless, the averaged data for
the most extensive data sources of the Netherlands, UK and Denmark were summarised in
ProSUM.
For many countries, the sampling related to WEEE category 05 often includes both gas
discharge lamps as well as fittings and luminaires.
For Germany, no study has been found covering the country as a whole. Two reports,
performed in the city of Hamburg and the Bayern region (Bayerisches Landesamt für Umwelt,
2012) and (Hausmüllmenge und Hausmüllzusammensetzung in der Freien Hansestadt
Hamburg im Jahr 2012, 2013).
Data is considerably scarcer in the low-income countries. Moreover, the three countries that
have data available, Estonia, Romania and Bulgaria, showed widely deviating results. The
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reported amount of WEEE in Bulgaria and Romania is very low, probably due to scavenging
of WEEE in residual municipal waste. Data is retrieved from a Life+ project in which sorting
analysis of the residual waste were performed in two seasons (CWIT Project).
The final extrapolation applied for the low-income group of countries is therefore expected to
be less accurate compared to the two other higher income groups. Where the different
extrapolation methods yielded different results, still the overall volumes affected are only 8%
of the total WEEE in mixed municipal waste in the EU28.
4.1.4.3 WEEE in metal scrap
Eurostat compiles data for the Waste Statistics Regulations and provides data on the following
metal scrap categories:
- Metals Wastes, ferrous
- Metals Wastes, non-ferrous
- Metals Wastes, mixed ferrous and non-ferrous
The sum of the three waste types is called “Metallic wastes”. This data is biannually compiled
and validated by Eurostat, however this is mainly metal scrap in which WEEE could be mixed
with. As the CWIT project stated, WEEE is sometimes collected and treated as metal scrap,
hence not being reported as WEEE (Eurostat 2018). The concentration of WEEE in
MSCRAP´s ferrous metal scrap is not sampled in a regular and harmonised manner. In
literature, information on this is also scarce. Data is available for a few countries, such as the
Netherlands, Belgium, The United Kingdom and France.
This data has to be used with a lot of caution, as the concentration of WEEE in ferrous metal
scrap is not expected to be homogenous in the EU. However, the results obtained should give
a fair description of the WEEE in metal scrap in the whole of the EU, however, on country
level, it might not be accurate and deviates from 1.5% to maybe 4% of WEEE in ferrous metal
scrap. The ProSUM database and its Deliverable 4.1. holds the most updated data on metal
scrap (Eurostat 2018).
4.1.4.4 Illegal exports of WEEE
Data from determining WEEE that is illegally exported as used electronic equipment amounts
is only available for five countries, and they significantly differ from each other. An Austrian
study (Kopacek, 2013) focused on the flows of informally collected amounts travelling by road
to Eastern Europe. A Belgium study covers only minimum amounts observed to leave the
country Huisman et al. (2013). The United Kingdom data from WRAP (WRAP, 2011) is
mainly based on modelling of discarding behaviour responses and thus covering likely only
minimum amounts leaving the country. However, due to the total size of the reuse flows, much
higher volumes are likely occurring in practice, which is also observed at receiving ports in
Africa. A German study from Ökopol (Sander, 2010) provides an estimated amount of WEEE
exported and based on inspection data.
The Dutch Future Flows study is the only source where both inspection data and modelling of
the reuse loop of appliances in a highly detailed mass balance is combined and compared with
estimates from the inspection agencies and their databases and completed with documented
flows from the refurbishment industry. As a result, the identified volume, around 10% of all
WEEE export amounts, is much higher compared to the other publications.
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4.1.5 Relevant projects
Projects financed by the European Commission to characterise products and wastes have been
identified as providers of valuable information for ORAMA. Work on WP5 produced a map
of initiatives and projects that may be relevant for ORAMA, as data providers or eligible for
clustering activities.
The list below names the projects identified so far in the mapping exercise run in WP5, a further
analysis exercise in Task 5.2 will provide detailed information on how these projects will
contribute to ORAMA goals:
 RePro: Abfallwirtschafliche Produktverantwortung unter Resourcenshutzaspekten
http://www.oekopol.de/archiv/material/603_RePro_Meilensteinbericht_1.pdf
 CloseWEEE. Closing the loop of post-consumer high-grade plastics, advanced
recovery of critical raw materials antimony and graphite (http://closeweee.eu/, H2020).
 e-RECMET.
Recovery
of
critical
metals
from
electronic
waste.
https://www.ebp.ch/en/projects/e-recmet-recovery-critical-metals-electronic-waste
 HYDROWEEE DEMO. Innovative Hydrometallurgical Processes to recover Metals
from WEEE including lamps and batteries - Demonstration
 Project FORCE. cities cooperating FOR Circular Economy. http://www.ceforce.eu/index.php
 HARFIR
project.
Heusler
Alloy
Replacement
for
Iridium.
https://harfir.hosted.york.ac.uk/
 LANUV report no. 38. Recycling of critical raw materials from electronic waste
https://www.lanuv.nrw.de/uploads/tx_commercedownloads/30038.pdf
 RAWFILL. Supporting a new circular economy for RAW materials recovered from
landFILLs.
http://www.nweurope.eu/projects/project-search/supporting-a-newcircular-economy-for-raw-materials-recovered-from-landfills/#tab-1
 REMANENCE. Rare Earth Magnet Recovery for Environmental and Resource
Protection http://www.project-remanence.eu/objectives
 REProMag. Resource Efficient Production Route for Rare Earth Magnets.
http://www.repromag-project.eu/project/project-approach/
 SCRREEN. Solutions for CRitical Raw materials - a European Expert Network.
http://scrreen.eu/
 OPTNEWOPT. Materials substitution in optoelectronic devices.
 ILLUMINATE. Automated Sorting and Recycling of Waste Lamps.
 ReCreew. European network for innovative recovery strategies of rare earth and other
Critical metals from electrical and electronic waste. http://www.recreew.eu/index.htm
 RecycAL. High Shear Processing of Recycled Aluminium Scrap for Manufacturing
High Performance Aluminium Alloys. http://www.recycal-project.eu/
In addition to this, two projects are exceptionally relevant for ORAMA: the project
´´Prospecting Secondary Raw Materials in the Urban Mine´´ (see batteries Section of the
document) and Countering WEEE Illegal trade. The Countering WEEE Illegal Trade
(CWIT) Project received funding from the European Community’s Seventh Framework
Programme until 2015. A considerable amount of data and data consolidation is available from
the CWIT project. Most WEEE related data and the quantification of the waste flows is done
per collection category (WEEE6). The data from CWIT and specifically data on the dynamics
of the WEEE streams is complemented with new sources and additional information gathered
by the ProSUM partners. ProSUM also fed from all CWIT deliverables as well as the
compilation of bibliography produced in the project and presented in the e-platform
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LibraWEEE, these are now documented and harmonised according to the ProSUM Deliverable
5.3 metadata specification and stored in EndNote.
Finally, in the frame of Art. 15 of the WEEE Directive, producer associations recently delivered
the I4R platform. The I4R platform provides treatment and recycling facilities and preparation
for re-use operators with access to WEEE recycling information in line with the requirements
of Directive 2012/19/EU. This includes information on hazardous components, mixtures and
substances in EEE (I4R platform).
4.1.6 Inventory of data sources for Photovoltaic panels
Photovoltaic (PV) panels were not included in the scope of the first WEEE Directive
(2002/96/EC). This is why no data is available concerning POM, PV panel waste collected,
treated, recovered, recycled, and prepared for reuse since 2005 in tons, as it is for other W/EEE.
In the context of WEEE Directive recast it was evaluated whether PV panels should be included
in the scope of the Directive or not (Monier and Hestin 2011). This was among other reasons
due to the fact that the EC did not accept a voluntary agreement on the collection and treatment
of PV modules by PV Cycle submitted to the EC in the name of PV panel producers in
December 2011. Monier and Hestin (2011) concluded from their scenario studies that the
inclusion of PV panels in the scope of the directive would reduce negative environmental
impacts caused by improper disposal which e.g. could lead to leaching of lead and cadmium,
as well as create economic benefits.
Following this, PV panels where included in the scope of the revised WEEE Directive
(2012/19/EU) of 4 July 2012. From 14 February 2014 to 14 August 2018 PV panels belong to
category 4 ‘Consumer Equipment and PV Panels’; from 15 August 2018 onwards to the new
category 4 ‘Large appliances’.
The implementation of the revised WEEE Directive in the Member States should have been
completed on 14 February 2014. However, not all Member States did implement the Directive
in time which results in different dates for the inclusion of PV panels in the national EEE
registration and following the WEEE collection procedures (e.g. Austria: 1 July 2014;
Belgium: 1 June 2016; Germany: 1 February 2016; Denmark: 1 February 2014; UK: 1 January
2014; Ireland 29 March 2014; Netherlands 14 February 2014; Portugal 7 May 2014).
However, statistics on PV panels are generally available in statistics on yearly installed
capacities and on total installed capacities. Though, these statistics do only contain data
regarding POM and in-use stocks but not regarding waste. Further, the information corresponds
to the nominal power in Megawatt peak (MWp) (whereas product/waste statistics normally
refer to pieces or mass (kg, tons)). Thus, a conversion has to be done (see chapter 4.1.6.1).
4.1.6.1 Placed on the market for PV panels
Reporting according to the WEEE Directive obligatory requests information on PV panels,
among other products, within category 4. PV-specific data is not available or aggregated before
or after its submission to Eurostat. Recently, specific data for PV modules can be reported
voluntarily as category 4.b (sub-category of category 4). Data on PV panels in tons were for
the first time available for the reference year 2015 on Eurostat. However, data was only
reported by Czech Republic, Denmark, France, Netherlands, and UK (see Figure 6).
Concerning the value for the Netherlands (0 t) it has to be said that this value is questionable
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since the amount for category 4a. is also declared to be 0 tons, whereas the value for category
4 is 49.220 tons. An explanation for this could not be found in the metadata and its annex. The
other Member States reported PV panels included in category 4 data. An exemption of this is
Greece that only submitted data for category 4a. which suggests that no data for PV panels
were included in the reporting at all. However, it is not clear if the other Member States did
really include data on PV panels in the figures of category 4 or not (or to which extend, i.e. it
is unclear if for the whole year and if complete). Cyprus and Romania did not report any data
on category 4 at all. (Eurostat 2018)
Data on annual installed PV capacities (Eurostat Energy Statistics) can be used to calculate the
PV POM data. The annual changes in installed capacity are used to calculate the PV POM. To
get mass information, conversion factors have to be applied. (Magalini et al. 2014) used
conversion factors that were slightly adapted from the conversion factors obtained from the
industry association PV Cycle. Those were 150 t per MW installed in 1998 and preceding years.
After 1998, the conversion factor decreased incrementally to 83,5 t per MW installed in 2013.
Peeters et al. (2017) also used conversion factors based on PV Cycle estimations (100 tons/MW
before 2010, 85 tons/MW between 2010 and 2014, 70 t/MW between 2015 and 2020, and 65
t/MW after 2020).
Another data source for the PV panel weight-to-power ratio (t/MWp) was published by
(Weckend et al. 2016). According to this the average weight per MWp in 1980 was
approximately 170 t and will decline with an exponential fit to approximately 40 t in 2050. The
relation between nominal power (MWp) and weight was gained by analysing data sheets of the
biggest producers published in the Photon database (https://www.photon.info/en/photondatabases). In order to calculate POM in tons the determined conversion factors where
multiplied with data from each country worldwide on yearly installed PV panel capacities as
published by IRENA and IEA.
In order to calculate the PV panel waste generation for Italy until 2015, Paiano, 2015)
determined conversion factors (t/MWp) per PV panel technology type, i.e. for c-Si, a-Si, CdTe,
CIGS and emerging PV technologies, respectively. However, changes over time where not
taken into account. Concerning the installed capacity, the yearly share of the respective
technologies was considered (which allowed for a PV waste generation forecast by PV
technology type).
The German project ReStra (Sander et al. 2017a) did prospect the loads of selected precious
and special metals in different waste streams. Concerning PV panels, the potential waste
amount for the year 2020 was prospected for the PV panel technologies CdTe, CI(G)S, and aSi. Therefore, data on the yearly installation capacities for the years 1991-2020 was taken from
national energy statistics and forecasts. In 1990, the installed PV capacity in Germany was 0.6
MW. For the missing years before, an annual expansion by 0.1 MW was assumed. Since there
is no data available on the share of different module types/ technologies on national level,
global production shares published by PHOTON for the years 2001 to 2011 (CdTe, CI(G)S)
and from JRC for the years 2012 to 2020 (CdTe, CI(G)S), a-Si) were used to determine the
respective shares of CdTe, CI(G)S, and a-Si technology. For the years 1997 to 2000, for CdTe
und CI(G)S a linear increase from 0% to the value in 2001 was assumed. For a-Si, data of the
European Photovoltaic Industry Association was used to determine the share from 1980 to
2010.
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In order to estimate the load of precious and special metals in future waste streams, the
knowledge on installed capacity per PV panel technology was connected to data on the mass
of these metals per capacity (g/MWp) and life span data. Thus, the project did not determine
the total weight of POM and WEEE generated, but the approach used was similar to that of
Magalini et al. (2014).
An early study did use a constant factor of 100t/MWp (Sander et al. 2007). This conversion
factor was also used by Bilimoria and Defrenne (2013) which leads to questionable results
since different projects showed that the conversion factor changes over time.
However, it has to be noted that the renewable energy statistics in general do not take into
account off-grid applications.
4.1.6.2 Composition of PV panels
There is no statistic on PV composition data available. Data on PV composition that can be
found in literature differs:
- according to the definition of “PV”, i.e. that some data sources e.g. include information
on components as inverter and construction aid and others do not;
- according to the exact type of technology (general grouping or very specific type; see
below);
- concerning the reference of the information which could be per component or for the
entire product, though it is not always clear which parts are included and which are not;
- regarding the reference year of production (concerning influence of this see below)
which is not always mentioned;
- regarding the reference size, which could be gram per size (m2), nominal power (MWp),
or mass (t);
- regarding the reference the values, i.e. data on components, materials, and elements
level.
For the composition, it is important to consider the technology type of the PV Modules. IRENA
classifies PV panels in technology groups as shown in Table 18 (Weckend et al. 2016).
Table 18: PV panels by technology groups (Weckend et al. 2016)
Technology
Silicon-based
(c-Si)

Thin-film based
Other

Sub-type
Monocrystalline
Poly- or multicrystalline
Ribbon
a-Si (amorph/micromorph)
Copper indium gallium (di)selenide (CIGS)
Cadmium telluride (cdTe)
Concentrating solar PVB (CPV)
Organic PV/dye-sensitised cells (OPV)
Crystalline silicon (advanced c-Si)
CIGS alternatives, heavy metals (e.g. perovskite),
advanced III-V

However, the current UNU Key nomenclature as used in ProSUM lists PV panels under “0002
Photovoltaic Panels (incl. inverters). The UNU Sub-Key level differentiates between “000201
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PV panels (roof-mounted)”, “000202 PV panels (other types)”, and inverters under “000203
Inverter (for PV panels)“. Information on the cell type is then given on component level.
Data used for ProSUM’s Urban Mine Platform are based on individual studies carried out by
e.g. Eco-systèmes (2013); Cucchiella et al. (2015); Peeters et al. (2016).
The German ReStra project did evaluate different sources on the content of selected CRM
(Indium and Gallium) in CdTe, CIGS, and a-Si PV panels (Sander et al. 2017a).
Documentation on changes of composition over time are limited to individual studies with
varying formats and scope, such as (ITRPV 2018). Examples are graphs concerning the
development over time of the silicon and silver content per cell, the thickness of the glass front,
the materials used for the frame, etc. Furthermore, the IRENA report estimates the decrease of
silver content in c-Si PV panel technologies over time (Weckend et al. 2016). Both studies
conclude that further progress in materials savings will take place.
A quite detailed evaluation of existing data on the silver content can be found in Peeters et al.
(2017). They found that e.g. the information on silver concentrations in literature is highly
inconsistent. The available data is either data from manufacturers or from waste analysis.
However, data from waste analysis often are not accompanied by information on exact PV
panel type, year of production of the PV panels, information on sample taking procedure,
sample preparation, and sample analysis method. Further, the authors assume that the copper
content increased gradually since it replaces the use of silver. However, due to the lack of better
data a constant copper content was assumed. The study further evaluated the time course of the
use of different back sheet materials, type of encapsulant material, thickness of glass, and iron
concentration of the glass.
4.1.6.3 Residence time for PV Panels
Since PV panels are comparatively “young” products with a relatively long product lifetime
and a very dynamic technology development, there is no exact data on the residence time
available.
Determining future waste amounts is affected by high differences in newly installed capacities.
Therefore, Sander et al. (2017a) present lifetime data as Weibull distribution which considered
to be a more adequate description of the lifetime than average lifetime data. However, Peeters
et al. (2017) developed an approach using the theory of bathtub curve. Since a bathtub shaped
distribution – taking into account early losses – cannot be displayed by a single Weibull the
authors represent the opinion that Weibull is not that much appropriate to represent the lifetime
of PV panels.
Sander et al. (2017a) as well as Weckend et al. (2016) conducted a literature review to deduce
values for a Weibull distribution. The scale and shape factors of different references can be
seen in Table 19.
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Table 19: Overview on derived/ used Weibull factors for the description of the lifetime span of
PV panels according to different references (Kuitche 2010; Kumar and Sarkar 2013; Marwede
2013; Magalini et al. 2014; Weckend et al. 2016; EC 2017; Huisman et al. 2017; Sander et al.
2017a)
Source
(Kuitche 2010)

(Characteristic)
lifetime (years)
29.7

(Kumar and Sarkar 2013)

27.7-28

Shape factor
5.3759
(3.3 - 8.7484)
9.982 -14.41

(Marwede 2013)

8.2 – 12.8

(Weckend et al. 2016)
(Sander et al. 2017a)

25 (30)

(Magalini et al. 2014)and (EC 2017)

25

5.3759 (regular loss scenario, from (Kuitche 2010))
2.4928 (early loss scenario)
5.3759 (from Kuitche 2010)
4.0
3.5

(Huisman
(ProSUM)

25

3.0 (ProSUM)

et

al.

2017)

The scale factor is given by the reciprocal value of the characteristic lifetime (or residence time,
respectively) of a product, i.e. when 63% of the units of the product are lacking failure/ are
disposed of. The shape factor describes the shape of the curve: Low shape factors mean more
early losses; high shape factors represent products with more late losses (Sander et al. 2017a).
4.1.6.4 In-use Stocks for PV Panels
Data on annual installed PV capacities (Eurostat Energy Statistics) can be used to calculate the
stock of PV panels. To get mass information, conversion factors have to be applied as discussed
in Section 4.1.6.1.
Since the Urban Mine Platform does not publish the data on UNU key level, stock data for PV
panels cannot be retrieved from this database (information is given by categories according to
WEEE Directive only). However, since component data for the different WEEE categories can
be obtained via the sub-key and components structure, stock data for PV cells (as component
of the PV panel; distinguished in CdTe, CIGS and c-Si cells) is available.
4.1.6.5 Export for reuse
Concerning exports of used PV panels, Sander et al. (2017a) assumed for Germany that no
relevant exports of the investigated thin film PV panels will take place until 2020. This is in
contrary to the practice seen for wind energy turbines which, e.g. in Germany, are “repowered”
(replacement of older, low-power technologies by new high-performance technologies) and the
old turbines are sold to other countries. Particularly for the considered technologies CdTe and
CI(G)S, which have only been in commercial use for around 10 to 12 years, exports from the
usage phase of a relevant magnitude can be ruled out from the authors point of view, since the
technology is not evolving that fast and the feed-in tariff is paid for 20 years. Also, for a-Si
cells, the research has not provided any indication of possible exports from the use phase.
Peeters et al. (2017) who examined the PV panel situation in Flanders draw the same
conclusion, i.e. that reuse, remanufacturing, and refurbishing of PV panels is expected to be
marginal and therefore was not considered in their estimations.
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Weckend et al. (2016) assume that a modest used panel market has already been emerged –
due to the existence of some internet platforms. Further, Clyncke (2018) presented that PV
Cycle works together with the re-furbisher Rinovasol. Additionally, off-grid PV panel
applications in Africa are increasing and cheap solutions are needed (GOGLA 2016).
Therefore, it is not unlikely that future markets for used PV panels might develop. However,
there are no official statistics in place that would allow to get information on exported amounts
of used PV panels.
4.1.6.6 Waste generated for PV Panels
Generally, most of the studies that did calculate POM and stock data as weight did this in order
to forecast future PV panel waste since information on waste generation is highly uncertain.
Since treatment capacities still have to be build up, the knowledge on future PV panel waste is
crucial for political decisions as well as investment decisions of PV panel producers and waste
treatment companies.
Recently, data on PV panel waste generation is available through the EC by the WEEE
Calculation Tools provided for each EU Member Sate (EC 2017). Further, the IRENA study
did produce country specific, worldwide figures (Weckend et al. 2016) whereas e.g. (Paiano
2015) calculated figures on national level (Italy) and Peeters et al. (2017) on regional level
(Flanders).
Further, PV panel waste generation was in former years already discussed by PV cycle. E.g.
the Annual Report 2010 did forecast PV panel waste generation and compared this data to one
of the first studies on this issue conducted Sander et al. (2007). However, they concluded that
these first estimations done by Sander et al. (2007) were far too high (PV Cycle 2011).
4.1.6.7 Officially reported waste collection, treatment and recycling for PV Panels
According to the Eurostat’s publication of Member States Data, only Czech Republic,
Denmark, France, and UK submitted data for category 4b. PV panels. Besides collected
amounts also treated, recycled, and recovered amounts were reported. (Eurostat 2018)
A further source could be the general waste statistics based on the EU List of Waste LoW
(http://ec.europa.eu/environment/waste/framework/list.htm) that provides a reference
nomenclature for hazardous and non-hazardous wastes that is applied for e.g. transport of
waste. Table 20 shows the waste codes applicable for PV panels which are commonly covered
under WEEE from industry, municipal waste or C&D waste.
Table 20: Examples of waste codes relevant to PV panels from the EU List of Wastes
Type
All types

Waste code
160214
160213*
2000136
2000135*

In special cases also. E.g. a-Si
panels
* indicates hazardous waste

170202

Remark
Industrial waste from electrical and
equipment
Discarded
equipment
containing
components
Municipal waste, used electrical and
equipment
Discarded electrical and electronic
hazardous components
Construction and demolition waste – glass
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Since this nomenclature does not have any sub categories, no specific data on PV panels can
be retrieved from this. According to the results of (Sander et al. 2008) it can be concluded that
none of the Member States has introduced any additional LoW code concerning PV panels.
PV Cycle, probably the largest European organisation that offers WEEE services for PV
modules, annually reports on its work. In its 2015 report PV Cycle (2016) published the amount
of treated PV waste in tons by country (Germany, Italy, France, Spain, Belgium, UK, Poland,
the Netherlands, Slovenia, other countries of EU) as cumulated figure for the period 2010 to
2015. Data for 2015 are only published for France, Germany, and The Netherlands. However,
this data contains also e.g. productions scrap. Further, PV Cycle reported the share of the
different PV technologies treated, i.e. silicon-based PV, CI(G)S PV, CdTe PV, flexible PV.
Data on recycling rates on material or component level can be found in literature, e.g. in
Wambach (2009); Palitzsch and Loser (2014); Paiano (2015); Weckend et al. (2016); Sander
et al. (2017a) (partly based on further references).
4.1.6.8 Complementary flows for PV panels
There is no data available on PV panels disposed of in complementary flows. However, it is to
a certain degree possible that PV panels are disposed of with unsorted construction and
demolition waste (Source: oral statement at expert workshop of German Environment Agency
(UBA) on treatment requirements for PV panels on 3 May 2016).
4.1.6.9 Relevant projects for Photovoltaics
 ReSiELP. Recovery of Silicon and other materials from End-of-Life Photovoltaic
Panels. https://eitrawmaterials.eu/project/resielp/
 PhotoLIFE. Process and automated pilot plant for simultaneous and integral recycling
of different kinds of photovoltaic panels. http://www.photolifeproject.eu/
 CABRISS. Implementation of a circular economy based on recycled, reused and
recovered indium, silicon and silver materials for photovoltaic and other applications.
https://www.sintef.no/en/projects/cabriss-implementation-of-a-circular-economybased/
 CU-PV. Cradle to cradle sustainable PV modules. http://www.sustainablepv.eu/home/
 Photorec. Rückgewinnung von seltenen strategischen Metallen aus EOL DünnschichtPV-Modulen.
https://www.tib.eu/de/suchen/id/TIBKAT%3A880485744/PhotorecR%C3%BCckgewinnung-von-seltenen-strategischen/
 PV MoReDe. Photovoltaic Panels Mobile Recycling Device. http://www.pvmorede.it/
 FRELP. Full Recovery End of Life Photovoltaic. https://frelp.info/
 CIRCUSOL. Circular Business Models for the Solar Power Industry.
https://www.ti.bfh.ch/fileadmin/user_upload/ICTM_en_S5.pdf
 Eco-Solar. http://ecosolar.eu.com/
 ReStra.
Recyclingpotential
strategischer
Metalle.
https://www.umweltbundesamt.de/sites/default/files/medien/1410/publikationen/201708-21_texte_68-2017_restra_0.pdf
 End-of-Life
Management
Solar
Photovoltaic
Panels.
https://www.irena.org/DocumentDownloads/Publications/IRENA_IEAPVPS_End-ofLife_Solar_PV_Panels_2016.pdf
 ITRPV. International Technology Roadmap for Photovoltaic – Results 2017.
http://www.itrpv.net/Reports/Downloads/
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4.2 Data reporting procedures methods
4.2.1 Data analysis and Methodology. Eurostat statistical processing
All Member States report to Eurostat their EEE and WEEE data on an annual basis either by
the Ministry of Environment or Environment Agencies via the Edamis portal. This being the
result of Article 16 (4) and (5) of Directive 2012/19/EU of the European Parliament and of the
Council on waste electrical and electronic equipment and the Commission Decision
2005/396/EC which define the rules for monitoring compliance of Member States and
established data formats (Eurostat 2017d). The Commission Decision is further supplemented
by a Eurostat Guideline and a template for a quality report (Eurostat 2017b).
The collection of the data published by Eurostat is done by the respective reporting countries.
Each Member State follows different approaches when collecting and compiling the data for
reporting. Commonly, Member States (Ministries of Environment or Environment Protection
Agencies) get the data from the producer compliance scheme(s). However, Member States also
collect the data from various sources which can differ from each other. Thus, some Member
States acquire their data from surveys, national statistical institutes, responsible producers
among others (Eurostat 2017b).
Figure 6 presents an overview, at a highly aggregated level, of the main steps, and stakeholders,
involved in the process of reporting on WEEE, based on the information included in the
Member States’ quality and implementation reports submitted as part of the reporting for the
WEEE Directive.
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Figure 6: Overview, at a high level, of the main steps, and stakeholders, involved in the process
of reporting on WEEE (Hogg et al. 2017)

The data for placed on the market, WEEE collected, and WEEE treated, recovered, recycled
and reused is primary submitted by each Member State to Eurostat via Edamis web portal using
the format defined in Table 1 of the Annex of Commission Decision 2005/369/EC. Further, a
quality/ methodology report is submitted that contains a description of the methodology used
and also contains the data.
Annex I of Directive 2012/19/EU defines the 10 categories of electrical and electronic
equipment (EEE) covered by the Directive which all Member States should report to Eurostat
as shown in Table 21 (Directive 2012/19/EU).

106

Funded by
the European Union
Table 21: Categories defined in Annex I of Directive 2012/19/EU from 14th February 2014 to
14th August 2018
Category
Number
1
2
3
4
5
6
7
8
9
10

Description
Large household appliances
Small household appliances
IT and telecommunications equipment
Consumer equipment and photovoltaic panels
Lighting equipment
Electrical and electronic tools (with the exception of large-scale stationary industrial
tools)
Toys, leisure and sports equipment
Medical devices (with the exception of all implanted and infected products)
Monitoring and control instruments
Automatic dispensers

It should be noted that from the 15th of August 2018, the Directives scope will be extended
from its current restricted scope to all categories of EEE, consequently the definition and
number of the categories will change from 10 to 6 as illustrated in Table 22 (Eurostat 2017a).
Table 22: Categories defined in Annex III of Directive 2012/19/EU from 15th August 2018
onwards
Category
1
2
3
4
5
6

Description
Temperature exchange equipment
Screens, monitors, and equipment containing screens having a surface greater than
100 cm²
Lamps
Large equipment (any external dimension more than 50 cm)
Small equipment (no external dimension more than 50 cm)
Small IT and telecommunication equipment (no external dimension more than 50
cm)

Table 23: WEEE collected and exported (Table 1 of the Annex of Commission Decision
2005/369/EC)
Column Number
Product Category

1
Placed
on
market

2
Collected
from
private
households

Total
weight
(t)

Total
weight (t)

3
Collected
other than
from
private
households
Total
weight (t)

1. Large household
appliances
2. Small household
appliances
3.IT
and
telecommunications
equipment

107

4
Total
WEEE
collected

5
Treated
in
the
Member
State

Total
weight
(t)

Total
weight
(t)

6
Treated
in
another
Member
State
Total
weight
(t)

7
Treated
outside
the EC

Total
weight
(t)
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4.Consumer
equipment
and
photovoltaic panels
5.Lighting
equipment
6. Electrical and
electronic
tools
(with the exception
of
large-scale
stationary industrial
tools)
7. Toys, leisure and
sports equipment
8. Medical devices
(with the exception
of all implanted and
infected products)
9. Monitoring and
control instruments
10.Automatic
dispensers

The collection target that was valid until 2015 inclusive, i.e. "WEEE collected from private
households per capita" was calculated by Eurostat by dividing the reported amount of
separately collected WEEE from households by the average population of the relevant year
targets (Article 7 (2) of Directive 2002/96/EC).
Table 24: Recovery, recycling and reuse targets (Article 7 (2) of Directive 2002/96/EC)
Column Number
Product Category

1
Recovery

2
Recovery
rate

3
Reuse
and
recycling

4
Reuse and
recycling

Total weight
(t)

%

Total
(t)

%

weight

1. Large household appliances
2. Small household appliances
3.IT and telecommunications
equipment
4.Consumer equipment and
photovoltaic panels
n/a
n/a
5.Lighting equipment
6. Electrical and electronic
tools (with the exception of
large-scale
stationary
industrial tools)
7. Toys, leisure and sports
equipment
8. Medical devices (with the
exception of all implanted and
infected products)
9. Monitoring and control
instruments
10.Automatic dispensers
NB: Grey boxes mean that the data needs only to be reported in a voluntary basis.
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WEEE
reused
as
whole
appliance
Total weight
(t)
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Furthermore, Eurostat validates the data that has been provided. In case of unclear figures
Eurostat clarifies this in close cooperation with the competent authorities of the respective
Member States. The validation routines at Eurostat include checks related to consistency,
plausibility, development over time which are sent to countries in case Eurostat has any inquiry
or observations targets (Article 7 (2) of Directive 2002/96/EC).
The calculation of the aggregates for all Member States is done by adding the national WEEE
amounts reported. EU aggregates are compiled when the available countries represent 60% of
the population and 55% of the number of countries defining the totals for all Member States;
data for missing countries are estimated on the basis of the previous year (Eurostat 2017b).
Since Commission Decision 2005/369/EC is not yet harmonized to the wording and the targets
of Directive 2012/19/EC the Eurostat Guideline (Eurostat 2017a) provides guidance on how to
interpret the columns of WEEE Table 2 (see Figure 7).

Figure 7: Eurostat Guidance on interpretation of WEEE Table 2 of Commission Decision
2005/369/EC with view to Directive 2012/19/EC (EUROSTAT 2017)

Further, a voluntary line for PV modules as a subcategory of category 4 was introduced (see
Section 4.1.6.9).
From 2016 to 2018 the collection target was set to achieve 45% on the basis of the average
weight of EEE places on the market in the three proceeding years. With this a change from an
absolute to a relative target was done; further it includes also WEEE collected other than from
private households. From 2019, the collection target will be set either on the basis of the
average weight of EEE placed on the market in the three preceding years for the corresponding
Member State (65%), or alternatively on the basis of the WEEE generated on the territory of
that Member State (85%). This change concerns only the data collection which is due by the
30th June 2021 (for the reference year 2019) (Eurostat 2017a).
On the 18th of April of 2017 a new Commission Implementing Regulation (EU) 2017/699
established a common methodology for the calculation of the weight of electrical and electronic
equipment (EEE) placed on the market of each Member State and a common methodology for
the calculation of the quantity of waste electrical and electronic equipment (WEEE) generated
by weight see Section 4.2.2.3 (Eurostat 2017a).
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4.2.2 Data Reporting Procedures in Member States
4.2.2.1 National EEE/WEEE registries
In addition to the previously mentioned data sources, data Placed on Market can be retrieved
from sales data from national EEE/WEEE registries set up for compliance with the Extended
Producer Responsibility (EPR). Entities such as producer responsibility organizations (PROs)
are established to conduct the collection or take back, dismantling and recycling on behalf of
the producers on the level of an industry or sector as a whole. Countries in which more than
one PRO operate have developed national registers to keep track of overall volumes sold and
collected as waste within their country for each producer. In some EPR implementation
countries, a single PRO is established and is responsible for all collection and waste
management activities of a sector or an industry. In other countries, companies may have the
option of working independently through their own implementation programs. Finally, in some
countries, several PROs exist and mimic a competitive market in which firms compete for
business (OECD, 2016). The data from these registries are usually the data source for reporting
of the WEEE Directive in Europe.
4.2.2.2 European Information Technology Observatory
Sales data from reports by European Information Technology Observatory (EITO 2015) are
used as complementary data sources, however this is not open source. These reports cover
information and telecommunication markets development. Table 25 provides the EITO
evolution over the years (1996-2015).
Table 25: EITO coverage over the years UNU keys

UNU-KEY
0301 Small IT
0302 Desktops
0303 Laptops
0304 Printers
0306 Mobile phones
0307 Professional IT
0309 LCD monitors
0401 Small consumer electronics
0402 Portable audio video equipement
0403 Radio, Hi-Fi and Music
0404 Video
0406 Cameras
0407 CRT TVs
0408 LCD TVs
0702 Game consoles

Year
2005
√
√
√
√
√
√
√
√
√
√
√
√
√
√
√

2011

2015

√
√
√

√

√

√
√
√

√
√
√
√
√
√
√

4.2.2.3 Common methodology to determine EEE Placed on Market (POM) and WEEE
As mentioned before, the Placed on Market can also be calculated using the “apparent
consumption method”. This can be used when there is no other data source available or can
serve as a reference data point to find underestimations of the other data source.
The recently published E-waste Statistics Guidelines (Forti et al. 2018) present a common
methodology to determine the EEE Placed on Market. The methodology is compliant with the
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Common Methodology approach as defined in Article 7 of the EU WEEE Directive (European
Commission, 2017). The calculations for Europe have been performed in the context of the
ProSUM project, the results can be accessed in the ProSUM Urban Mine Platform 8.
Calculations were also performed in the “Study on collection rates of waste electrical and
electronic equipment (WEEE)” (Magalini et al. 2014). In addition, to help facilitate data
collection at the national level, the United Nations University has developed and tested an ewaste statistics toolkit that countries can use to collect and share data on electric and electronic
sales, waste and collected amounts9. While the results for the World are published in the Global
E-waste Monitor 2017 (Balde et al. 2017). All the input data, modelling steps and statistical
routines are publicly available on an open source GitHub for Europe (Van Straalen et al.
2017a). EEE Placed on Marked data have been calculated and estimated from 1980 to 2021
per UNU KEY for 177 countries (including all the EU-28 countries).
The method involves the following steps:
1) Selecting the relevant EEE codes and extracting trade statistics data:
For the European Union, the international trade statistical data was extracted from
Eurostat in the eight-digit combined nomenclature (CN) codes. Domestic production
data were also extracted from Eurostat.
For the non-EU countries, relevant Harmonized Commodity Description and Coding
System (HS) codes were extracted from the UN Comtrade database.
2) Apparent consumption approach: This step calculates the first version of POM based
on the production and trade statistics (CN or HS) into the classification for EEE: the
UNU KEYS.
3) Checks and corrections of POM: this step performs automatic corrections for outliers
on Placed on Market data and estimates missing data points by comparing data for the
same year between similar countries. Manual corrections are also performed, they are
based on the analysis of the automatic corrections. This is needed to correct unreliable
data using knowledge of the market. These statistical routines lead to a harmonized
dataset with a similar scope and consistent Placed on market for a country based on their
own trade statistics.
4) Extension of the time series of POM: Past Placed on Market data are calculated back to
1980 based on the trends of the available data and the market entry of the appliance.
Future POM is predicted until 2021 using sophisticated extrapolation methods.
5) Calculation of WEEE: the e-waste generated is calculated using the Placed on Market
data in historical years and lifetime distributions.
6) Calculation of Stock: in this step, Stock is calculated as the difference between the
summation of all Placed on Market data in historical year and the summation of the ewaste generated in the same historical years.
Additional information on the methodology and calculation routines can be found in the
recently published E-waste Statistics Guidelines (Forti et al. 2018), in the open source GitHub
(Van Straalen et al. 2017a), and in Article 7 of the EU-WEEE Directive (European Commission
2017) and the results are fully aligned and included in the ProSUM analysis and the
www.urbanmineplatform.eu.

8
9

http://www.prosumproject.eu/
http://ec.europa.eu/environment/waste/weee/data_en.htm
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4.2.3 Data Reporting Procedures from relevant projects
4.2.3.1 Data collection Methods used in ProSUM for EEE and WEEE
The www.urbanmineplatform.eu (UMP) architecture where ProSUM data is displayed is
made up from data models, databases, Extract, Transform and Load (ETL) processes, and
catalogues which can be seen in
Figure 8. A Classification System was developed for each working group (ELV, BATT, WEEE
and MIN) in order to populate the databases for the urban mine.

Figure 8: Representation of the data flow in the ProSUM Project schema. Note that most of the
scattered data which are collected and collated, are homogenized using Excel spreadsheets, socalled ‘Project Excel databases’.

The approach to data collection and analysis for WEEE was to examine all available data and
literature on the topic. The primary focus of the WEEE data analysis was to convert all
available sources into agreed harmonisation formats in consultation with the other Work
Packages within the project.
Harmonized portrayals for complementary flows were made in an XLS master sheet to support
the data consolidation processes so that later on this would be harvest which then feeds the web
services of the Portal. In the subsequent Sections a description of the data collection methods
for complementary flows is provided.
4.2.3.2 Data collection Methods used in ProSUM for EEE, WEEE generated and
WEEE flows
In ProSUM, the data on EEE and WEEE generated were compiled per UNU-KEY, and full
filled the requirements for data entry for ProSUM. WEEE collection volumes are gathered
from official sources, as of Eurostat and the Key Figures platform managed by WEEE Forum.
The management of WEEE was EU-wide regulated for the first time by Directive 2002/96/EC
that defined 10 categories of electrical and electronic equipment. The objective of the WEEE
Directive is to promote reuse, separate collection and recycling and other forms of recovery of
waste electrical and electronic equipment to reduce the quantity of such waste to be disposed
of. Data on WEEE are reported by the Member States collection schemes and national registers
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to the Eurostat. The reported data is available in the Eurostat database from the reference year
2005 to the year 2015. However, effectively from 15 August 2018 onwards recast Directive
2012/19/EU classifies WEEE in 6 collection categories (from entering into force on 14
February 2014 until 14 August 2018 the former 10 categories plus PV panels and luminaires
where in place). The tailored made classification of UNU Keys developed by United Nations
University is ideal to serve as a link with both mentioned reporting formats. A detailed
description of the UNU product classification and its correlation to old and the recast WEEE
Directives is provided in Annex 1: Detailed description of the UNU product classification.
The project performed calculations on the SRM in the urban mine on WEEE on the UNU Keys
level, and published data according to the six categories of the recast WEEE Directive
(Directive 2012/19/EU). Split factors have been applied in order to convert categories from
EU-10 to -6 format and vice versa. These split factors are based on ProSUM WEEE generated
data per UNU Keys, and are calculated per country, per category and per year (from the 2010
to 2015).
The detailed procedure to convert the data consists of following steps:
i. Align UNU Keys to EU-10 and -6 categories
ii. Create split factors from WEEE generated calculation outcomes
iii. Regroup UNU Keys to the EU-6 categories
Firstly, WEEE generated (kg/inh) per UNU Keys is linked to relevant collection categories,
followed by their sum per EU-10 and 6 collection categories (see Figure 9). It should be noted
that in practice, the actual equipment allocation of the UNU Keys to the collection flows might
differ slightly from one country to another. This effect is possibly distorting total amounts per
collection category both in practical collection as well as in the national scope decisions in
detail. For instance, microwave ovens and ventilators may be collected and reported in different
categories: LHA or SHA.

Figure 9: UNU Keys linkage between existing and recast WEEE directive categories

In second step, values are summed up in the selected range based on the criteria, i.e. recast
directive collection categories (see Figure 9). In above chart, values are summed up based on
their product share in two axis, x-axis display values in recast Directive collection categories,
whereas y-axis sums the values based on existing WEEE directive categories. Additionally, in
below chart split factors have been introduced based on the product share in respective
category, i.e. category 1 – large household equipment consist of temperature exchange
equipment (I), large equipment (IV) and small equipment (V).
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Figure 10: Product share in two-axis (above), split factor based on the product share in
respective category (below)

Further, Eurostat data is then multiplied with below chart of Figure 10: Product share in twoaxis (above), split factor based on the product share in respective category (below), i.e. category
1 value in kg/inh is multiplied with respective category I percentages, the procedure follows
for all categories. Lastly, resulted data is compared with WEEE Forum values and data is in
comparable range of 1-5%, making the UNU splits functional to work with. Obviously, this is
a practical approach for research purposes which may be different from the official data
collection.
4.2.3.3 CWIT and ProSUM data analysis and Methodology for WEEE in Mixed
municipal Waste
The calculation of WEEE in mixed municipal waste in EU-28 plus Norway and Switzerland
by the CWIT project was achieved by doing a thorough literature review and statistical
analysis. In here, the data was harmonized and extrapolated for countries which had no data.
The extrapolation was done by diving the countries in three stratums (high, middle and low
income) depending on the countries purchasing power and the averages for other countries
were determined.
The ProSUM project used the municipal waste analysis from the CWIT project as a starting
point since at that time, not only did it cover multiple years (2010 and 2012) but mostly had a
very detailed count of appliances. This data was further updated with studies and expanded for
the years 2011, 2013 and 2014 the data was compared and harmonized with 34 literature
sources.
This comprehensive review includes the analysis of primary and secondary sources with
current data and past trends disposal of WEEE in mixed municipal waste using the ProSUM
bibliography (Wolk-Lewanowicz et al. (2016) Assessment of Complementary Waste Flows:
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Deliverable 3.2 (ProSUM). This bibliography consisted of publications, journals and country
studies quantifying the country’s WEEE and analysis on household waste sorting in order to
assess the presence of WEEE in current municipal solid waste flows destined for incineration
and landfill.
4.2.3.4 ProSUM data analysis on the scavenging of products and components not
present in the collected flow
Like in the case of WEEE in mixed municipal waste, the ProSUM project used CWIT report
as a vital source for the calculation of scavenged components. Moreover, further analysis of
the amounts removed from WEEE prior to collection was done, in particular for compressors
for which the most information was available. The analysis was done by multiplying the
percentage of compressors indicated by recyclers and compliance schemes to be missing in the
collection volume with the share of compressors in WEEE collection category (WolkLewanowicz et al. (2016) Assessment of Complementary Waste Flows: Deliverable 3.2
(ProSUM).
4.2.4 Data reporting procedures for PV Panels
In this Section, the focus is on describing the data collection methods for PV panels placed on
the market, composition, residence time, in-use stocks, officially reported collection, as well
as treatment and recycling of PV panels. Waste generation is out of the scope at this point,
because it is hardly experimentally measurable. Further, there is no reliable data collection so
far for complementary flows.
As mentioned before, there was no official reporting of PV waste in tonnes at all before the
inclusion of PV panels in the WEEE Directive 2012/96/EC. Concerning the reporting under
this Directive, PV modules have to be reported as part of the category they belong to but not
as individual figures. This means that the Directive does not foresee that data specific for PV
modules must be reported. However, Eurostat’s “Guidance for the compilation of the data
according to Commission Decision 2005/369/EC” asks for the first time its version of July
2017 for separate figures on PV panels on a voluntary basis (Eurostat 2017a). In Detail, the
Member States are asked to fill in the data for “4a. Consumer equipment” and “4b.
Photovoltaic Panels” if available (see
Figure 11) and then put M for missing in “4. Consumer equipment and photovoltaic panels”.
If separate figures are not available, they are asked to put M for 4a and 4b.

Figure 11: Excerpt auf WEEE-Tables according to (Eurostat 2017a)
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According to a decision of the EC (EC 2013; 2014b; 2015; Eurostat 2017a) combined with
Article 16 (4) and (5) of the WEEE Directive the data for a certain year has to be submitted to
Eurostat 18 months after the respective reference year. This means that until 30 June 2017 –
shortly before the revised version of the Eurostat guideline was published – the data for the
reference year 2015 had to be submitted. Consequently, it has to be assumed that most of the
Member States – especially those that reported their data within the deadline – could not have
taken into account the request on separate data for PV panels. The next data to be reported is
for the reference year 2016; this data has to be submitted the latest on 30 June 2018. However,
often not all Member States report on time which means that only in the course of the year
2018 it will reveal if specific data for PV panels will be reported or not. However, once the
reporting is implemented, it will deliver data concerning POM, Waste collected, treated,
recycled and reused, and recovered. The data is generally based on real weighting procedures
and retrieved according to the same procedures as for other EEE/ WEEE, i.e. that treatment
plants gather data from their own treatment procedures as well as from subsequent treatment/
recycling/ recovery processes and provide data to PROs or individual producers. There are
neither information available on how the data is gained nor in which detail this is done and
reported within the treatment chain.
Data on PV panels installed (placed on marked) as well as on cumulative installed capacities
(in-use stocks) in MWp is generally part of national energy statistics as well as national
renewable energy development plans. The data collection methods of these are not further
analysed in the frame of this project. However, the transference of the data in MWp to tonnes
depends on the used conversion factor. This in general is retrieved from knowledge on specific
PV panels but it can be seen that different factors are used.
Data concerning residence time in general is based on empirical studies, but it has to be
emphasized that there is still little experience since the use of PV panels are comparatively
“young”. That is why often different scenarios are calculated in order to deduce a range of
possible results.
Composition data is either taken from producer’s data or from waste analysis. For both it is in
general not described how data was determined.
4.2.5 Data reporting procedures methods for WEEE in metal scrap
4.2.5.1 ProSUM data analysis and Methodology for WEEE in Metal Scrap
In order to quantify and asses the complementary recycling flows of WEEE collected together
with metal scrap the ProSUM project extracted metal scrap data from Eurostat. This was later
on harmonized and compared with publications, journals and country studies (WolkLewanowicz et al. 2016).

4.3 Assessment of data sources and major data gaps
4.3.1 Placed on market
Data from regular reporting obligations is generally reported directly from producers or
through PRO, therefore should be considered reasonably accurate, however often the respective
obligations of a producer are linked to the amount he placed on the market, but this especially
means that he will not overestimate his PoM but maybe underestimate it (this may be an
argument for using the production and trade statistics in order to determine POM for collection
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targets). Further, in countries with low enforcement activities there might be a relevant impact
from free riders and consequently the data may not be complete.
- Completeness: Almost all Member States report data on EEE placed on the market and WEEE
collected according to the reporting obligations of the WEEE Directive therefore, it could be
concluded that completeness for most of the countries is good compared to other waste streams.
Table 26 provides an overview of the number of gaps in reporting practices for WEEE for some
Member States.
Table 26: Number of Gaps in WEEE reporting, 2015 Validation Reports (Hogg et al. 2017)
Countries with data 2011
gaps
n.a.10
Lithuania
24
Hungary
62
Italy
1
Cypress

2012

2013

n.a.
2
62
1

No data recieved
n.a.
No data recieved
15
(TRT_NEU,
TRT_OEU)11
1
n.a.
n.a.
Malta
22
22
n.a.
Poland
n.a.
n.a.
No data received
Romania
41
41
22
(RCV,
United Kingdom
12
RCY_REU)
No data received
No data received
6 (Gas Discharge
Iceland
>Lamps, GDL)
40
40
51
Lithuania
The numbers in the table above refer to the total number of fields that Member States are mandated
to report that are missing data.13

As already mentioned, the Commission Implementing Regulation 2017/699 establishes the
methodology for the calculation of the quantity of EEE placed on the market and of the quantity
of WEEE generated. EEE placed on the market are calculated using the “apparent consumption
method” using trade statistics data and information on domestic production. In the case of
Europe, in compliance with the WEEE Directive, all EU Member States are required to register
and report sales data which are regularly published on EUROSTAT. However, Eurostat present
many data gaps mainly due to the incorrect registration of the production and trade.
In the Eunomia report a thorough analysis was made regarding the assessment on reporting
practices of Member States to Eurostat. One of the main key finding was the ambiguity in the
definitions of what is in scope of EEE and what is not. Furthermore, some Member States have
their own internal guidelines in addition to the EU guidelines which can lead to inconsistencies
when reporting. The unclear definition or difference between B2C equipment and B2B
equipment is also something that should take into consideration when reporting POM data.14
An accurate link of ProdCom and trade codes to respective UNU Key is sometimes challenging
given the enormous variety of products POM as well as having different size classes for
10

n.a. not available
TRT_NEU: Treated in the EU, TRT_OEU: not treated in the EU
12
RCV: Recovery, RCY: recycled REU: Re use
11

14

B2C – business to consumer, and B2B – business to business
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equipment (like for example tiny ventilator components differing from table ventilators
differing from large ventilation installations). In parallel, the introduction of newer products
with lack of official data makes it more difficult to estimate the precise sales volumes. Due to
these limitations, available datasets on EU sales are not complete and harmonized. The
common methodology has been applied by UNU in projects such as ProSUM to create an initial
harmonized dataset for Placed on Market and WEEE data and to allow comparison of the data
among countries. In this context, Placed on Market, Stock and WEEE data have been calculated
for all EU Member States, for each UNU-KEY and for the time series 1980-2015. The adoption
of the aforementioned methodology by all the EU Member States would allow comparison of
the data to the corresponding authorities since the same methodology is used for all Member
States. It should be noted that the common methodology involves estimations of data gaps or
the forecasting and back casting of missing EEE Placed on Market data. The accuracy of such
data is not well known and may vary depending on country and UNU-KEYS. Overall, it is
assumed that the process leads to estimates that are relatively accurate. Data provided to the
national WEEE registries is considered in most instances as the official data source for EEE
POM as the information comes from EEE producers or producer responsibility organisations.
ProSUM provided a compilation of EEE placed on the market. Data provides an overview of
the different levels of uncertainty of the data set, which could be considered the most complete
data set available in Europe for this type of data.
- Interoperability: Eurostat provides a protocol and quality control procedure for the reporting
of EEE and WEEE. Despite Sections above have expressed that Eurostat data is not always
harmonized to the best extent, Eurostat counts with a procedure aiming at harmonizing data
collection methods, hence we should consider the level of interoperability is quite good.
Regarding composition, ProSUM managed to harmonize data. Except for ProSUM, we cannot
identify other relevant practices carried out by data sources (e.g. Member States) to harmonize
and control the collection data methods for E/WEEE composition figures.
- Internal Consistency: Different definitions and classifications in EEE and WEEE reporting
have been identified in past projects. These led to inconsistencies in the data reported. (HOGG
et al. 2017) emphasize that the WEEE Directive and its supporting documents do not give much
guidance on how Member States should collect data. Further, some definitions are not clear
and should be clarified. With regard to the data to be reported to the EC, this concerns e.g.:
- Interpretation of what kind of equipment falls under the scope of the WEEE Directive;
- Distinction between b2c and b2b for POM data and WEEE »from private households«
and »other than private households«;
- Dealing with »indirect exports« of POM (referring to Article 12 (5) of WEEE Directive);
- Clarification regarding the point at which WEEE has to be counted as »treated in MS«/
»in another MS«/ »outside the EU« (directly after collection or at later step of treatment
chain);
- The exclusion of the weight of batteries contained in WEEE collected.
Since Member States (or rather the involved stakeholders) do most likely apply slightly
different definitions and methodological approaches (or none at all), it has to be assumed that
data within Member States as well as between Member States is partly inconsistent.
Further, there are no generally valid procedures/ methodologies in place that do describe how
primary treatment plants – that in general do report the data to PROs/ producers – gather
information from the subsequent treatment steps.
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Data on secondary raw materials if often arising from individual initiatives that use different
methodologies and therefore also have to be assessed to be partly inconsistent.
- Timeliness: Eurostat offers a good record of data for EEE and WEEE. As regards
composition, ProSUM achieved the harmonisation and compilation of secondary materials for
WEEE (with different degrees of uncertainty) for a similar period. However, other than
ProSUM, continuous records of composition for EEE and WEEE are very scarce. ProSUM
managed to compile a good database with EEE placed on the market and WEEE collected data
from year 2000 to 2015. However as pointed out in the Eunomia report, not all Member States
submit the required information on time.
Spatial Coverage: All 28 Member States, as well as Switzerland, Norway and Iceland, collect
and report data on EEE placed on the market and WEEE collected.
- Level of detail of data reported: Big challenges have been identified also in quantifying EEE
in stocks. Member State are unable to easily produce reliable national statistics about stock
quantities. In the case of POM, all Member States report data according to the reporting
obligations of WEEE Directive however, the level of detail varies from country to country.
The ProSUM project presents a high level of detail and is harmonized in a way that all flows,
POM, collected and waste generated are provided for all collection categories and can be
connected to the composition data allowing us an overview of material, components and
composition flows of WEEE. Each flows data contemplates data quality assessments. The
POM data was calculated for various years and extrapolated providing us a timeline from 19802020. For the collected flow the ProSUM project provides a clear insight of all WEEE collected
for all collection categories from 2010-2015.
In order to perform an assessment of the level of detail for W/EEE information reported to
Eurostat from Member States, the reported data was classified and defined as seen in Table 27.
Table 27: Level of detail of the POM and waste collection reportings from Member States to
Eurostat15
Country

POM Reporting

Waste Collection Reporting

Level of detail

Austria

Volume per collection category in tons
and in percentage for 9 categories from
2005-2015
Volume per collection category in tons
and in percentage for 9 categories from
2005-2015
For 2007 and 2008, the total EEE placed
on the market is larger than the sum of
categories, because the amounts placed
on the market were not available for all
categories, but for the total EEE only.

Provides data in tons and percentage
for 8 categories from 2005-2015

Moderate

Provides data in tons and percentage
for 6 categories for some years and for
other in 8 categories from 2005-2015
Provides data in tons and percentage
for 5 categories for some years and for
other in 8 categories from 2007-2015

Moderate

Belgium

Bulgaria

15

http://ec.europa.eu/eurostat/cache/metadata/en/env_waselee_esms.htm
http://ec.europa.eu/eurostat/cache/metadata/Annexes/env_waselee_esms_an1.pdf
http://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do
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Croatia

Cyprus

Czech
Republic

Denmark

Estonia

France

Germany

Greece

Hungary

Iceland

Ireland

Italy

Latvia

Lithuania

Volume per collection category in tons
and in percentage for 8 categories from
2011-2015
Volume per collection category in tons
and in percentage for 8 categories from
2005-2015.
Volume per collection category in tons
and in percentage for 9 categories from
2007-2015.

Volume per collection category in tons
and in percentage for 9 categories from
2006-2015.
Volume per collection category in tons
and in percentage for 9 categories from
2006-2015.
Volume per collection category in tons
and in percentage for 9 categories from
2006-2015.
Volume per collection category in tons
and in percentage for 9 categories from
2006-2015.
Volume per collection category in tons
and in percentage for 9 categories from
2006-2015. Data from 2011-2014 has
been estimated.
Volume per collection category in tons
and in percentage for 9 categories from
2005-2015.
Volume per collection category in tons
and in percentage for 9 categories from
2009-2014.
Volume per collection category in tons
and in percentage for 9 categories from
2007-2015.
Volume per collection category in tons
and in percentage for 9 categories from
2007-2015.

Volume per collection category in tons
and in percentage for 9 categories from
2007-2015.
Volume per collection category in tons
and in percentage for 9 categories from
2005-2015.
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n.a.

Moderate

Provides data in tons and percentage
for 5 categories for some years and for
other in 8 categories from 2005-2015
Provides data in tons and percentage
for 8 categories from 2007-2015,
Czech Republic does not account for
collected amounts that are treated. For
the years 2007 and 2008, gas
discharge lamps were considered as
subcategory of lighting equipment.
Since 2009 gas discharge lamps are
excluded from lighting equipment.
Provides data in tons and percentage
for 9 categories from 2006-2015

Moderate

Provides data in tons and percentage
for 5 categories for some years and for
other in 8 categories from 2006-2015
Provides data in tons and percentage
for 9 categories from 2005-2015

Moderate

Provides data in tons and percentage
for 9 categories from 2006-2015

High

Provides data in tons and percentage
for 9 categories from 2005-2015, the
data is aggregated as

Moderate

Provides data in tons and percentage
for 9 categories from 2005-2015, the
data is aggregated as
Provides data in tons and percentage
for 9 categories from 2009-2014, the
data is aggregated as
Provides data in tons and percentage
for 9 categories from 2007-2015, the
data is aggregated as
For 2007 and 2008, the total WEEE
amounts exceed the sums by
categories, because a complete
breakdown by category was not
possible. Due to the established
national reporting system, Italy is not
able to separate the WEEE categories
pursuant to Annex I A. Accordingly,
only the total collected is reported.
The data is provided in Tons and in
percentages.
Provides data in tons and percentage
for 9 categories from 2007-2015

Moderate

Validation of data is not guaranteed
for this country by Eurostat, and the
amount and / or methodology may
change from year to year. Provides
data in tons and percentage for 8
categories from 2005-2015.

Moderate

Moderate

High

High

Moderate

Moderate

Moderate

Moderate
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Luxembourg

Malta

Netherlands

Norway

Poland

Portugal

Romania

Slovakia

Slovenia

Spain

Sweden

Switzerland
United
Kingdom

16

Volume per collection category in tons
and in percentage for 9 categories from
2007-2015.
Volume per collection category in tons
and in percentage for 9 categories from
2005-2014.

Up until 2011, NL reported the amounts
placed on the market for most
categories, partly in tons and partly in
numbers. The data are thus not
comparable to other countries. Since
2012 NL reports the amounts placed on
the market in tons only and the data are
comparable to other countries.
Volume per collection category in tons
and in percentage for 9 categories from
2005-2015.
Volume per collection category in tons
and in percentage for 9 categories from
2006-2015.
Volume per collection category in tons
and in percentage for 9 categories from
2005-2015
Volume per collection category in tons
and in percentage for 9 categories from
2006-2015.
Volume per collection category in tons
and in percentage for 9 categories from
2005-2015.
Volume per collection category in tons
and in percentage for 9 categories from
2006-2015.
Volume per collection category in tons
and in percentage for 9 categories from
2006-2015.
Volume per collection category in tons
and in percentage for 9 categories from
2005-2015.

n.a.16
Volume per collection category in tons
and in percentage for 9 categories from
2007-2015. Definitions per collection
category differ from other countries.

n.a. not available
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Provides data in tons and percentage
for 9 categories from 2006-2015

Moderate

For several categories in 2005 to
2008, the total amounts of WEEE
collected are larger than the sums of
WEEE collected from households and
other sources, because the allocation
to source was not completely
available. Thus, the data on WEEE
collected from households and from
other sources are incomplete while the
figures on total collection are
complete.
Provides data in tons and percentage
for 10 categories from 2005-2015. Up
until 2010, NL calculated the
treatment rates on the basis of the
collected amounts.

Moderate

Provides data in tons and percentage
for 9 categories from 2006-2015.

High

Provides data in tons and percentage
for 9 categories from 2005-2015.

High

Provides data in tons and percentage
for 9 categories from 2005-2015.

Moderate

Provides data in tons and percentage
for 9 categories from 2006-2014.

Moderate

Provides data in tons and percentage
for 9 categories from 2005-2015.

Moderate

Provides data in tons and percentage
for 9 categories from 2007-2015.

Moderate

Provides data in tons and percentage
for 9 categories from 2007-2015.

Moderate

Provides data in tons and percentage
for 9 categories from 2005-2015.
Since 2008, the total collection for
consumer equipment is substantially
higher than the amounts placed on the
market.
n.a.
UK assumes that all WEEE collected
as part of their system has been
treated. From 2010 to 2013 the UK
did not collect “recovery” and
“recycling and reuse” data.
This is because there was an
amendment
to
their
national

Moderate

High

Moderate
Moderate
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legislation in 2010 that changed the
WEEE system. The UK collects data,
both for EEE and WEEE, for a
category
“Display
Equipment”
(Called category 11 in the UK) and
this has been aggregated into
Category
3
“IT
and
Telecommunications
Equipment”.
Although UK realizes that some
Display Equipment will be TVs from
Category 4 “Consumer Equipment”,
it is not possible to break down this
figure further.

4.3.2 Collected and treated
It is important to have accurate data on WEEE collection in order to ensure a reliable reporting
on the collections target of Member States (HOGG et al. 2017). In the following paragraphs
you will find a thorough assessment of the collection practices from Member states:
- Completeness: Eurostat publishes data in an aggregated manner and information content gets
lost from harvesting to publication. Incoherent and incomplete information (timescale,
classification, and spatial coverage) are not conducive to usefulness for harmonising purposes.
Furthermore, some WEEE collection categories are intrinsically more valuable than others due
to their content of material. The interest of this appliances can lead for these to be managed
outside the formal producer responsibility schemes. In most of the cases, the amount of WEEE
collected that is reported happens on treatment or recycling facilities making it essential for
Member States to ensure that the actual data being reported is provided through these channels
even if they are not part of the formal WEEE treatment system (Hogg et al. 2017).
Member States report WEEE being treated in the Member State, in another Member State in
EU and treated outside the EU, in tonnes and in percentage to Eurostat (see Annex 4: Total
WEEE treated per Member States in tonnes.
Interoperability: For ProSUM, based on reliability, cross-check and comparison, Eurostat and
WEEE Forum data were weighted with data quality factors as highly confident. For data gaps,
if Eurostat and WEEE Forum collected and reported data is not available, i.e. Croatia in 2010,
Cyprus, Malta and Romania in 2015, no further data acquisition was carried out and
aforementioned countries were kept empty. Hence, there are no major data gaps for WEEE
collected.
ProSUM project did a full review of the available data sources and data availability. The
assessment for collected WEEE began with the analysis of reported data. The data on collection
volumes is available from official sources, i.e. Eurostat, the Key Figures platform managed by
WEEE Forum, national registers and Member States collection schemes. Aforesaid data
sources were used in order of preference and to complement data gaps. The order of preference
was determined by the ability of the source to provide data that could consistently reflect the
collection categories based on Directive 2002/96/EC or recast Directive (Directive
2012/19/EU) for EU28+2 and fit into the ProSUM time series of 2010-2015.
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- Internal Consistency: The reliability of reported collected data is very important and may
differ for each Member state which can lead to inconsistencies and underestimation of the
collected amounts. In the case of treatment, there are inconsistencies in Member States when
defining at what point EEE become WEEE, this becomes relevant when quantifying and
reporting WEEE collected and treated. Some countries promote the management of some of
these products to be classified as ready for reuse in order to achieve 50% of municipal waste
recycling targets set out in the Waste Framework Directive (as well as the proposed future
targets), therefore this ambiguity can lead to inconsistencies when reporting (HOGG et al.
2017).
Furthermore, some member States such as United Kingdom, assume that all WEEE collected
as part of their system has been treated which may not be the case for all waste collection
categories. It is estimated that a large amount of recycling and reuse activity activities occurs
outside of the producer responsibility WEEE system and therefore is unaccounted. Moreover,
in recycling centres a small number of thefts may occur from time to time (for purposes of
extracting metal scrap) which may affect the values of WEEE reported by Member states.
- Timeliness: The year in which the Member States started reporting collected WEEE varies
between the year 2005 such as Austria, Belgium, Cyprus, Greece, France, Hungary, Lithuania,
Malta, Netherlands, Poland, Portugal, Sweden and Slovakia, and the year 2009 like Iceland
and United Kingdom as seen in Figure 12 (Eurostat 2018c).

Initial reported of WEEE collected per Member State
2012
2010
2008
2006
2004

Austria
Belgium
Cyprus
Greece
Finland
Hungary
Italy
Lithuania
Malta
Netherlands
Portugal
Sweden
Slovakia
Germany
Denmark
Estonia
France
Luxembourg
Norway
Poland
Romania
Bulgaria
Czech Republic
Spain
Ireland
Liechtenstein
Latvia
Slovenia
Iceland
United Kingdom
Croatia

2002

Figure 12: Initial reporting of WEEE collected to Eurostat per Member State17

Like for WEEE collected, the year in which the Member States started reporting WEEE treated
varies between the year 2005 such as Austria, Belgium, Greece, Finland, Hungary,
Luxembourg, Netherlands, Portugal, Sweden and Slovakia and the year 2009 like Cyprus,
Iceland and United Kingdom as seen in Figure 13 (Eurostat 2018d).

17

http://ec.europa.eu/eurostat/cache/metadata/en/env_waselee_esms.htm
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Initial reported of WEEE collected per Member State

Austria
Belgium
Bulgaria
Croatia
Cyprus
Czech Republic
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Iceland
Ireland
Italy
Latvia
Liechtenstein
Lithuania
Luxembourg
Malta
Netherlands
Norway
Poland
Portugal
Romania
Slovakia
Slovenia
Spain
Sweden
United Kingdom

2009
2008
2007
2006
2005
2004
2003
2002
2001
2000

Figure 13: Initial reporting of WEEE treated to Eurostat per Member State18

- Spatial Coverage: All 28 Member States, as well as Switzerland, Norway and Iceland, collect
and report data.
- Level of detail: Table 27 provides an overview of the level of detail Member States report
collected to Eurostat.
4.3.3 Composition
Member states don’t report composition of products being placed on the market nor collected
and waste generated, therefore this type of data is only provided by research country studies or
by projects such as ProSUM and Eco-design studies.
- Completeness: Compositional data from products are not part of the reporting procedures
which make it challenging when analysing SRM as well as when quantifying and predicting
which CRM could be found in the waste in the future. WEEE composition has numerous data
gaps as there is not a systematic data collection procedure in place.
ProSUM analysed a complete BOM at UNU key level and mapped CRM in different flows
such as POM, Stock and Waste generated and due that it used a harmonized methodology the
composition data can be linked to complementary flows (waste bin, metal scrap, scavenged,
collected etc.) as well.
- Interoperability: ProSUM composition data was analysed using the same methodology and
similar data sources depending on the products analysed.
- Internal Consistency: ProSUM project did an excellent job trying to fill data gaps with
composition data coming from different sources, and in the process, record gaps in data
regarding WEEE secondary raw materials in a consistent and harmonized way. Despite
ProSUM efforts to compile and harmonize secondary raw materials information, there are data
gaps and values with high uncertainty as regards secondary raw materials in WEEE and EEE.
Table 28 provides an overview of the data quality of the total composition in ProSUM.

18

http://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do
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Table 28: composition data quality in ProSUM
Element

Analysis

Element

Analysis

Element

Analysis

Ag

Confident

Gd

Confident

Re

Dubious

Al

Confident

Ge

Dubious

Rh

Dubious

As

Dubious

Hg

Less Confident

Ru

Dubious

Au

Confident

Ho

Dubious

S

Dubious

B

Dubious

In

Confident

Sb

Less Confident

Ba

Dubious

Ir

Dubious

Sc

Dubious

Be

Dubious

K

Dubious

Se

Dubious

Bi

Dubious

La

Dubious

Si

Dubious

Br

Dubious

Li

Less Confident

Sm

Dubious

C

Dubious

Mg

Confident

Sn

Confident

Ca

Dubious

Mn

Confident

Sr

Confident

Cd

Dubious

Mo

Confident

Ta

Dubious

Ce

Dubious

Na

Dubious

Tb

Dubious

Cl

Dubious

Nb

Dubious

Te

Dubious

Co

Confident

Nd

Dubious

Ti

Less Confident

Cr

Confident

Ni

Confident

V

Less Confident

Cu

Confident

Os

Dubious

W

Less Confident

Dy

Confident

Pb

Less Confident

Y

Less Confident

Er

Dubious

Pd

Confident

Zn

Less Confident

Eu

Confident

Pr

Dubious

Zr

Dubious

Fe

Confident

Pt

Less Confident

Plastics

Less Confident

Ga

Confident

Rb

Dubious

Glass

Less Confident

ProSUM concluded that the data and information available to describe end-of-life stocks,
residence time and flows focused on critical raw materials are scarce. Where they are available
they are scattered amongst various institutions at European, national, and regional levels, and
lack harmonised formats and/or consistent granularity. The varying data formats lead to
information being lost due to e.g. aggregation of data or transformation of data formats
(estimation of split factors).
- Timeliness: When analysing composition, this assessment is either not consider or vary
depending on the source. In the case of ProSUM the composition was analysed from 1980 –
2030.
- Spatial Coverage: Normally this assessment is not taking into consideration when analysing
composition and is either not consider or may vary depending on the source. In the case of
ProSUM the composition of products was analysed for all Member States plus Switzerland and
Norway.
- Transparency of data collection methods: The methodology used when determining the
composition of products is normally not published.
- Level of detail of data reported: In the case of ProSUM we can state that the level of detail
for reviewing and quantifying composition is very high.
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4.3.4 Complementary flows: WEEE mixed in municipal waste and scavenging
Currently Eurostat does not provide data quantifying how much WEEE is being disposed by
Member States in the solid waste nor that have been scavenged. The following assessment is
done from various projects such as CWIT and ProSUM. These projects provide research data
and not official statistics with the exception of ProSUM´s POM, collected and waste generated
which was converted into an implementing act input.
- Completeness: In the case of scavenged components, due to scattered data the analysis was
only possible for the compressors removed from cooling and freezing appliances for the years
2010 - 2015 (Wolk-Lewanowicz et al. (2016) Assessment of Complementary Waste Flows:
Deliverable 3.2 (ProSUM).
Interoperability: In order to quantify the composition and flows of WEEE in mixed municipal
waste in ProSUM a comprehensive review was made which includes the analysis of primary
and secondary sources with current data and past trends disposal of WEEE in mixed municipal
waste using the ProSUM bibliography (Wolk-Lewanowicz et al. 2016, ProSUM Assessment
of Complementary Waste Flows: Deliverable 3.2). This bibliography consisted of publications,
journals and country studies quantifying the country’s WEEE and analysis on household waste
sorting in order to assess the presence of WEEE in current municipal solid waste flows destined
for incineration and landfill. The methodology and harmonization of data done in ProSUM
allows it to be comparable among all Member States.
In the case of scavenged components, both the CWIT and the ProSUM project were estimated
based on a market survey with contributions from members of the European Electronics
Recyclers Association (EERA) of valuable parts that do not make it to the official collection
points. (Wolk-Lewanowicz et al. 2016, ProSUM Assessment of Complementary Waste Flows:
Deliverable 3.2).
- Internal Consistency: As mentioned before, the ProSUM and the CWIT project don´t have
data reporting obligations to Member States, therefore this assessment criterion doesn’t apply.
However, for the years and the countries for which the data is currently available, they were
calculated and assessed using the same methodology. At this moment the ProSUM data is
considered to be one of the most harmonized datasets out there.
- Timeliness: When quantifying WEEE in mixed municipal waste, the ProSUM project used
the CWIT project as a starting point since at that time, not only did it cover multiple years
(2010 and 2012) but mostly had a very detailed count of appliances. This data was further
updated with studies and expanded for the years 2011, 2013 and 2014 the data was compared
and harmonized with 34 literature sources. As well as in the case of WEEE in mixed municipal
waste, for scavenged components and metal Scrap the ProSUM projects provides datasets that
range from 2010-2015.
- Spatial Coverage: In ProSUM the calculation of WEEE in mixed municipal waste and
scavenged was done in EU28 plus Norway and Switzerland.
- Level of detail: In the case of flows, the ProSUM project provides information of Metal scrap,
Exports of WEEE (with high uncertainty levels), Waste bin, Scavenged components and
complimentary recycling products. These flows have been harmonized and calculated in a way
that they can be easily connected with the composition data that could provide a mapping of
composition in a flow. Therefore, the level of detail of this project is considered to be high.
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4.3.5 Assessment of data sources and gaps for PV panels
PV panel data exhibit various data gaps. Since the reporting under the WEEE Directive is still
new and – as separate figures - voluntary, respective data collection and reporting are still not
automatically in place. Thus, data in the format as established under the WEEE Directive is
only available for four countries in 2015 (data for 2016 has to be reported until 30 June 2018
which is after the creation of this report and thus cannot be included). However, data on b2b
and b2c POM is assumed to be not consistent across Member States since different definitions
are used by Member States (PV Cycle 2016).
Data for POM of PV panels based on energy statistics (yearly installed capacities, cumulative
capacities, and forecast) is available and assumed to be of high data quality due to its
significance for climate change policy. The relevance of data gaps concerning POM is is
concentrated at the correctness of the conversion factor (t/MWp) used to calculate respective
amounts in tonnes. Further, the statistics in general do not distinguish between different PV
module technology types which is important for PV waste considerations and SRM
prospections.
Data on composition is rare and in general it is not documented how the data was gained
(producer’s information or waste analysis, sampling/ sample preparation/ sample analysis
method, etc.). The same applies to data on recycling and recovery rates. For this it is not known
how and to which level of detail information on recycled/ recovered amounts are known and
reported backwards in the treatment chain in order to fulfil the reporting requirements of the
PV panel producers according to the WEEE Directive.
Table 29 shows the assessment of PV panel data against the criteria defined for this project. It
has to be kept in mind that concerning the reporting according to the WEEE Directive the 2016
reporting has to be awaited to further assess the available data (reporting for PV panels for the
first time in 2015, on a voluntary basis). The assessment has to be understood to be a qualitative
expert judgement.
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Level of detail of data
reported

Transparency of
collection methods

Spatial coverage

Timeliness

Internal Consistency

Interoperability

Completeness

data

Table 29: Overview on the assessment of PV panel data

POM
Good
medium
medium
low
low
medium
Low
(WEEE
(but
(only since (only for
Directive, if included in
2015)
four MS in
reported
cat. 4)
2015)
separately)
POM
High
High
High
High
High
unknown
moderate
(energy
statistics)*
Compositio low
low
low
low
low
low
moderate
n
Residence
moderate
moderate
moderate
low
low
moderate
moderate
Time
Export for For the first time reported by four MS in 2015. So far, all criteria have to be assessed as low met.
reuse
WEEE
collected
WEEE
treated,
recycled,
recovered
* Data quality etc. assumed to be good because these statistics are needed for climate change policies.

4.4 Recommendations for WEEE
Based on the previous Work Package 2 Deliverable report 2.1 on the identification of data
collection methods for the improvement of SRM statistical datasets for WEEE and PV panels,
a further analysis on data gaps and strategies is done in the following Sections.
4.4.1 Existing and general recommendations
In this Section a comprehensive review of existing recommendations regarding data collection
methods across Member States is made. Projects identified in WP5 and analysed in D2.1 were
taken into taken into account when reviewing these recommendations.
4.4.1.1 CWIT Report Recommendations
The Countering WEEE Illegal Trade (CWIT) project’s main aim was to provide a set of
recommendations to support the European Commission, law enforcement authorities, and
customs organisations, to counter the illegal trade of WEEE in and from Europe. The project
collected, studied, and identified gaps in the current legislation in place at the International and
European level such as the European Commission Directives on hazardous substances in
products placed on the market in Europe and their treatment. Moreover, the CWIT project
provided a platform for exchange of information for law enforcement authorities, customs
organisations, and policy makers, enabling them to better prevent and respond to the illegal
128

Funded by
the European Union

trade of WEEE. Furthermore, the CWIT project provided a recommendation plan for the enduser or consumers and to the European Commission to improve the response in illegal trade of
WEEE and to improve future research strategies as illustrated in Table 30 (Botezatu et al.
2015).

129

Funded by
the European Union

Table 30: CWIT Summary of recommendations related to WEEE (CWIT 2015)
Description of the
problem

Stakeholder affected

Suggested action

Implementation timeline

Commodities of EEE
and
WEEE
are
reported in various
stages using different
waste
codification
systems.

International bodies (EC,
Basel, Rotterdam and
Stockholm
Secretariat
etc.) and national Local
Enforcement Authorities
(LEAs, e.g. customs,
police) and prosecution
offices.

Improve waste codification.

Absence of clarity in
the definition of
“waste” at a regional
and
international
level.

International bodies (EC, Produce
and
maintain
Basel, Rotterdam and consistent guidelines on the
Stockholm
Secretariat distinction of UEEE and
etc.) and national LEAs WEEE.
(e.g. customs, police) and
prosecution offices.
Government agencies.
- Detailed reporting
- Improve
reporting
on
treatment within and outside
Europe.
- Establish
a
common
codification system.
- Manage clear communication
among all actors.
- Control of data collected.
- Establish
a
coordinated
approach from competent
authorities
and
private
management.

Short term activities such as In order to implement a harmonized
improvement
of
current WEEE classification among all
supporting
documents
and institutions, international bodies,
correlation
tables
between customs etc. have to have a common
customs classifications and understanding.
waste classifications could take
approx. 1-3 years. However, the
implementation of the whole
suggested activity could take up
to 5 years.
In order to reach an international - Stakeholders may have competing
consensus on definitions and incentives which would make the
guidelines for LEA it is consensus slower.
estimated that it could take - In order to guarantee an increased
between 3 to 5 years.
detection, there will be an increase
in the workload of different actors.
The implementation of the action - The implementation of this activity
plan could be considered to be as would result in a financial burden for
a short- medium strategy. The some stakeholders.
implementation of a national - There is a need for a strong
reporting system by all actors coordination among LEA´s and the
could take a minimum of 3 years private management.
but a full implementation would
take longer than 3 years.

Unreported
and
misreported WEEE
flows are prone to
illegal trade and
improper treatment.
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4.4.1.2 Eunomia Report Recommendations
In 2017 DG Environment, Eunomia and partners ENT Environment and Management, and
Ekokonsultacijos released a comprehensive report in which a comprehensive analysis and
review of the current EU waste statistics reporting framework was performed. In this report a
thorough analysis is made of the main inconsistencies and gaps in the process of how Member
States report data to the European Commission. The report provides recommendations for
improvements in the light of identified inconsistencies, which include too much leeway in the
interpretation of obligations, insufficient verification of the reported data and lack of incentives
for accurate data reporting as illustrated in Table 31.
Table 31: Eunomia Report Summary of recommended actions related to WEEE data reporting
in EU (Hogg et al. 2017)
Focus

Actions Recommended at the
National Level
WEEE not Ensure that all facilities treating WEEE
included in are licensed and recorded on an
Statistics
electronic register
Ensure that facilities to which WEEE is
sent meet minimum treatment standards
(e.g. CENELEC, WEEELABEX etc.
including those to which WEEE is
exported outside of the EU).
Undertake spot checks / audits of
WEEE and other scrap metal treatment
facilities to ensure that no WEEE is
being treated illegally, and therefore not
being missed from official reporting.
Require all data from Producer
Responsibility Organizations (PROs) to
be validated by accredited third party
auditors to address potential for
misreporting of data.
Require single, consolidated national
electronic registers of producers and
Authorised Representatives in all
Members States, and ensure all
producers of EEE are registered are
report the data.

Actions Recommended at the EU Level
Ensure that the requirements of Annex VII
of Directive are enforced, possibly through
setting minimum standards for WEEE
treatment and enhance the ability to report
accurate data.

Set requirement in the WEEE Directive for
all producer data to be audited by third
parties.

Ensure Member States enforce Article 16
and 17 of the WEEE Directive and ensure
that the Authorised Representative
approach applies to all distance sellers,
whether in the EU, or outside.
Harmonise requirements for non-EU
websites to show producer registration
details, and import duty details, for the
country in question, so as to provide a
simple
checking
mechanism
for
enforcement authorities.
Ensure electronic waste reporting Clarify the point at which ‘treatment’
system for WEEE is implemented to should be reported, and what it should and
fully track waste flows within, from and should not include.
into each Member State.
Develop appropriate methods for adjusting
the
reported
recycled
quantities
recognizing the difficulties in tracing
quantities through to their end destination.
Set default adjustments to apply to
Member States who cannot supply the
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WEEE
Exported

Review interpretation of the definitions
of EEE and reuse in national legislation
and data capture systems

Batteries in Ensure a clear methodology, or protocol
WEEE
is in place, to allow the subtraction of
battery weight by device category.
Ideally this protocol would be
harmonised across the EU through
legislation.
Ensure that permits for treatment
facilities include a requirement to report
WEEE (and batteries) separately from
other products treated at the facility
(e.g. in shredders).
Ensure that national protocols for
determining the amount of batteries in
WEEE are in place where necessary and
their correct use is monitored and
enforced.

requisite level of evidence about the end
destination of the material, and the
standards at which the WEEE is treated.
Ensure that the WEEE Directive Annex VI
minimum requirements for shipping of
WEEE are fully enforced in all Member
States.
Harmonize penalties for illegal shipments
to simplify enforcement in trans-border
cases of illegal exports, and to prevent
criminals from shifting activities to lowerrisk countries within the EU.
Remove scope for Member States
interpreting definition of EEE by further
clarifying in the legislation, rather than
guidance documents, to make legally
binding.
Remove ambiguity in definition of
‘preparation for reuse’ in new legislative
proposal and give guidance on the
distinction between the two.
Introduce mandatory requirement in
Batteries or WEEE Directive for
businesses placing EEE on the market to
provide battery weight data for products
with integrated batteries.

4.4.1.3 ProSUM recommendations:
The aim of the ProSUM project was to provide a state-of-the-art knowledge base, using best
available data in a harmonised and updateable format, which allows the recycling industry and
policymakers to make more informed investment and policy decisions to increase the supply
and recycling of secondary raw materials. The ProSUM project has created an inventory for
waste streams with a high potential to serve as a source of secondary raw materials, i.e. WEEE,
BATT, ELV and Mining Waste (Huisman et al. 2017). Further, the ProSUM project established
a European network of expertise on secondary sources of critical raw materials (CRMs).
ProSUM, in its Deliverable 6.4 and specific recommendations report, provided relevant
recommendations designed to continue to improve the knowledge base for secondary raw
materials arising from the ProSUM Project. These recommendations aim at the improvement
of the characterisation of the material content in products and waste, quantification of stocks
and flows in the urban mine, harmonisation, quality and interoperability of data among others
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(Downes et al. 2017). Specific recommendation and strategies for W/EEE are proposed and
summarized in Table 32.
Table 32: ProSUM project Recommendations for W/EEE (Downes et al. 2017)
Recommendation
Develop
a
pilot
approach
for
manufacturers
to
declare
the
composition
and
content of target EEE
products.

Suggested Task
Producers and recyclers
should work together to find a
cost effective and efficient
way of producing and sharing
product and component data,
in order to support a recycling
infrastructure development.

Description
Little data is available concerning the recent
composition of products. Creating a platform that
allows producers to provide a full material
declaration and Bill of Materials (BoM) would
enable processing and treatment operators to
have knowledge if components which contain
hazardous substances.

CENELEC
prEN45558 include a
mandatory requirement
that summary data
shall also be provided
to relevant maintained/
recognised knowledge
platforms.
P5 Review ProSUM
Classification System
to ensure compatibility
with the emerging EC
CEN/CENELEC
European Standard
prEN 45558.
Work with WEEE and
BATT
Producer
Responsibility
Organisations
and
recyclers to undertake
further sampling and
analysis to characterise
waste
input
to
treatment facilities, and
from
treatment
facilities
to
endprocessing.
Building on the work
undertaken
in
ProSUM, develop and
implement
defined
quality methods for
sampling
and
analysing wastes.
Improve data on the
unknown whereabouts
of WEEE and batteries
through
waste
sampling.

Implement an obligatory use
of standard CEN-CENELEC
TC10 Material Efficiency
Aspects for Ecodesign.

The standard will provide a general methodology
for declaration of the use of energy-related
products in support of the implementation of EU
Raw Materials Initiative. Furthermore, it will
specify a procedure for the declaration of CRMs.

Create a declaration by name
of substance or substance
group, and location of CRM
in the product.

As a result of the creation of this declaration
ProSUM classification system should be
reviewed to ensure interoperability with data
which may arise from this reporting.

Demonstrate the potential to
increase
collection
and
recycling rates from WEEE
by minimising losses along
the value chain through the
implementation of sampling
protocols.

Treatment facilities most of the time receive
products with missing components due to
scavenging practice. Therefore, this fraction of
materials is unaccounted and has an impact on the
macroeconomics of the treatment facilities. The
implementation of sampling protocols such as the
one implemented in ProSUM could help identify
product types, numbers and the absence of
components (typically high in valuable elements)
and its impact on the recycling system and its
reporting.

Develop and implement
defined quality methods for
sampling and analysing
wastes.

As ProSUM showed, sampling analysis for
highly heterogeneous wastes such as WEEE and
batteries came with high uncertainties, therefore
creating sampling protocols would contribute to
increase the quality of data and help map
different flows.

Improve data on the unknown
whereabouts of WEEE and
batteries
through
waste
sampling in unreported flows.

WEEE is collected and recycled through a
number of routes outside of Producer
Responsibility Organisations and therefore are
not reported in the ‘collected’ flows. Data on the
unreported flows is essential in order to quantify
SRM. More work is needed to substantiate the
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flows described as ‘unknown whereabouts’ and
complementary flows e.g. WEEE in scrap and the
reuse and/or preparation for reuse, refurbishing
and export of business to business products.
Improve
data
on Promotion of the adoption of With the implementation of this type of standards
unknown whereabouts EN 50625 standards that are higher quality of data on WEEE generated would
of WEEE by making legally binding.
be available.
adoption of EN 50625
standards
legally
binding.
Undertake household Standardize and harmonize Member States have undertaken survey using
waste
surveys
to surveys to measure the stocks market research organizations in order to obtain
measure the stocks and and residence times of EEE household waste information. Unfortunately,
residence times of EEE and batteries in households.
most of these surveys are inconsistent, unand
batteries
in
harmonized or out of scope hindering the quality
households.
of the information.
Improve
timeliness, Amendment of the Member It is recommended that the removal of hazardous
frequency
and State reporting requirements components should be reported at Member State
granularity of WEEE of the WEEE Directive and level (Downes et al. 2017).
(flows) reporting to statistics related to EU
Eurostat.
legislation to report on both
the hazardous and CRM
content of WEEE should be
considered.
European
Commission
should
consider
taking
initiatives to improve the
timeliness and quality of
Eurostat and trade statistics.
The
ProSUM Statistical data reconciliation The main difficulty with consolidating data from
component
and should be implemented using different sources lies in the fact that they use
material code list code lists that reflect and different sets of components and materials to
should be further incorporate actual product describe products. When estimating the average
refined and statistical e and component data.
composition of a product, the general approach is
data reconciliation for
to choose a list of materials and components that
consolidating
is compatible with data from different sources.
composition data be
This usually requires aggregating some of the
enabled within the
data to a higher level (Downes et al. 2017).
UMKDP.
Gather
national Develop
improved Stablishing a supply chain security and a circular
material account data harmonised formats
for economy is challenging when there is no or little
on
Eurostat
and reporting national statistics data on the reserves, resources, stocks, and flows
establish
‘ProSUM about reserves, resources, of raw materials in each country. Member States
projects’ to create stocks, and flows of raw should adopt the “ProSUM approach” in order to
material accounting for materials at Member State obtain information regarding their material flows
each Member State.
level from National Statistical and provide it to Eurostat.
Institutions to Eurostat.
EU-UMKDP scope is Determine the extent to which By providing information of how much material
expanded to include the materials and elements in can be recovered in the urban mine, the recycling
recoverability, waste the urban mine can be industry (collectors, dismantlers, pre-processors
treatment data and recovered,
physically, and processors) and national/ European
regional
spatial economically
and
with authorities would see benefit from greater spatial
representation of waste optimised
environmental representation and data on the flows of waste
flows.
benefit.
products and components after pre-processing.
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Determine current and Determine the physical limits
future
potential of recycling and recovery by
recovery rates.
defining the concentration
and dispersion; value of
materials and the economic
viability of exploitation of
them.

These data would provide insights to feed the
discussion on the measurement and measurability
of recycling rates and the definition of legal
targets regarding recycling efficiency.

4.4.1.4 SCRREEN recommendations
SCRREEN is a coordination and support project, aiming at gathering European initiatives,
associations, working/ expert groups, and projects addressing CRM topics. One of the longterm goals of SCRREEN is to establish an EU Expert Network that covers the whole value
chain for present and future critical raw materials supply. SCRREEN identified a list of
recommendations in D3.2 of WP3 highlighting that EU sustainable value chain and supply of
CRM from primary and secondary resources requires (Ladenberger et al. 2018):
 In depth data on new geological, geophysical and geochemical sources for raw materials
including the CRM in Europe.
 Improve the accessibility to existing data on both primary and secondary resources.
 Creation of a functional EU database on CRM material flow analysis, life cycles and
economical calculations for important minerals, metals and products containing CRM.
 An analysis of the industrial supply chains and a link with CRM.
 Mapping and prioritisation of most relevant manufacturing areas such as product
designers and metallurgists/recyclers.
 Identification of the production residues containing CRMs should be done for recycling
purposes.
 A new classification should be made which would depend on future resource potential.
 Publish reliable and available data regarding the concentration of CRM in end-of-life
products.
 Changes in composition of products being developed should be tracked and mapped.
 Recyclers should compromise to publish detailed information on the quality and
composition of recycled materials.
4.4.2 Proposed strategies
In order to identify the next steps towards a thorough data collection, it is always helpful to
understand the data gaps, challenges and opportunities in the context of current practices in
order to improve them. In some instances, in WEEE the opportunities and challenges identified
are unique but overall, they can be aggregated and summarized using the following
mechanisms in order to improve data collection:
 Classifications
 Stakeholder Involvement
 Monitoring
 Research
As a result of the analysis made in the previous Sections, the following recommendations are
provided in order to improve future data collections among Member States.
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4.4.2.1 Classifications
Compositions
1. The ProSUM unified data model (UDM) should be implemented as an INSPIRE Annex
and proposed to the Common Gateway Interface (CGI) in order to have a harmonized
nomenclature and classification system for the composition of new EEE.
Stocks and waste flows
1. Establish a harmonized framework for registration of market inputs and collection
volumes and simplify compliance schemes across Member States.
2. Harmonize EPR regulations across Member States.
3. Introduce e-commerce codes of practice, including voluntary standards for websites that
include the display of PRO registration details and certification of EPR compliance.
4. In the case countries maintain their own detailed classifications for POM, Collected and
WEEE Generated, they should develop a bridging document or correspondence table for
all classifications. This would allow the translation to the 54 UNU keys in detail and
consequently to the new 6 and old 10 WEEE categories and therefore enable the
comparability between the different categories.
5. Provide regular funding to promote a standardized reporting mechanism in place, to
ensure the updates of the WEEE collected, treated, reuse, exported according to WEEE
directive in the future.
Final recovery rates
1. Report WEEE products and composition recycled to national authorities and Member
States using harmonized classifications allowing comparability between categories.
4.4.2.2 Stakeholder Involvement
Compositions
1. Policy makers should promote and request the electronic industry to report and specify
their chemical and CRM content incorporated in their products placed on the market.
2. Promote the declaration of composition content on EEE to the corresponding authority
and/ or making summary (to aggregate confidential information) datasets derived from
material declarations/ BOM (Bill of Material) lists available to the general public for
example for batches of similar products (averages per year per UNU key for instance).
3. Promote dialogue among the electronic industry, producers and policy makers in order
to include and report (higher) quantities of SRM in their materials in the design process.
4. A dialogue between producers and stakeholders on disclosing the composition of
products should be done, for example in the form of new working groups and more
elaborate data in the I4R platform (I4R, 2018).
Stocks and waste flows
1. Construct a platform to include and inform vendors of their EPR obligations and
penalized those who are not registered with a Producer Responsibility Organisation
(PRO).
2. There is a need for a centralized compliance centre which will cover all Member States,
based on partnerships with Compliance Take Back Scheme (PRO) in order to simplify
compliance, take-back obligations and processes.
3. Clear definitions on what a producer is and its obligations should be made clear and
published across Member States.
4. Provide capacity building to PROs and Small and medium-sized enterprises (SMEs)
regarding cleaner and more efficient technologies used to extract CRM.
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5. Disseminate to PROs across Member States the new improved WEEE Directive
reporting framework and the new category classification system in order for them to
report in a harmonized and concise manner.
6. Consumer awareness and socialization should be done to encourage and promote
correct, legal collection and the need and benefit of recycling of WEEE in order to
prevent them discarding in the wrong channels in particular
7. Improvement of the output and treatment quantifications of WEEE across Member
States.
8. Dissemination of a classification that would allow all Member States to categorise what
is UEEE and what is WEEE when it comes to exports and imports of electronic products.
9. The standardized methodology framework stablished in the Commission Decision
2005/369/EC, described in the Eurostat guidelines and in the Edamis portal should be
disseminated and their application should be monitored to avoid misallocations.
10. Minimum requirements for EPR schemes under the Waste Framework Directive should
set up clear guidelines on reporting and transparency to ensure that data is reliable.
11. An amendment to the Commission Decision 2005/369/EC should be made and include
harmonized definitions and the differentiation of WEEE treated and WEEE recycled or
recovered to be made more explicit in order to have an accurate quantification.
12. Producers’ participation and involvement in an EU-wide raw materials urban mine
platform should be incentivized and increased.
13. Promotion of workshops on standardized WEEE collected/treated/prepared for reuse/
recycled/recovered regarding reporting practices. The inclusion of key actors should be
made and stakeholders (including metal scrappers) in order to ensure harmonization
across Member States as previously done by the European Commission (European
Commission et al. 2017).
14. Preparation and implementation of reporting guidelines in order to facilitate the
distinction between WEEE being prepared for reuse, WEEE sold for reuse and WEEE
recovered in order to have a better understanding and accounting of all flows.
15. The European Commission assisted by DG ENV (in the frame of the Commission
Decision on Reporting) and Member States (in their respective certification systems for
(primary) treatment plants), should provide clear definition on the reporting of treated
and recycled quantities of WEEE. Furthermore, consultations among stakeholders
should be made in order to define the methodology used across Member States when
defining and reporting the aforementioned.
16. Dialogue and consultation process should be made regarding the reporting of UEEE and
WEEE being exported.
17. A renewed consultation process should be held regarding the implementation of stronger
penalties for scavenging practices and illegal exports.
Final recovery rates
1. Member States should disseminate to PROs/ producers and treatment/ recovery facilities
of the importance to report recovery rates using a standardized and harmonized
categorizations system.
2. Create a stakeholder consultation process in order to assess preparation for reuse targets.
3. Awareness and reporting campaigns for metal scrap sector, reuse and refurbishing
companies/ organisations, collection points, installation companies handling
professional equipment like PV, heating installations, professional equipment types
should be done. In order for them to acquire a certification and become a legal WEEE
treatment facility and therefore provide a proper reporting to national authorities and
Member States.
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4. Discuss standards for output material fractions from recovery/recycling process from
PROs among Member States.
5. Promote dialogue between recycling companies and policy makers to define more
meaningful recovery/recycling targets per collection category.
6. PROs should have targets that complement EU targets and higher circularity of their
sector. Among these targets, PROs should include incentives for declaring product
composition; and targets for separate collection, reuse and preparation for reuse,
recycling, recycled content, and litter reduction.
4.4.2.3 Monitoring
Compositions
1. Monitor the imports and exports of UEEE and WEEE to impede the illegal trade of EEE
or restrict the imports of low quality of products/waste flows.
Stocks and waste flows
1. In compliance with the WEEE Directive, all EU Member States are required to register
and report sales data. Unfortunately, not all importers, internet traders and producers are
registered properly by the corresponding national/regional institutions and therefore
there are unaccounted products which can’t be quantified.
2. National authorities should monitor and apply penalization to online sellers who are not
properly registered. Furthermore, producers should be motivated to indicate their market
competitors that are not registered properly to national authorities.
3. Require a single electronic registration for producers for each jurisdiction that they trade
in, with that registration subsequently published on the relevant national authority’s
website.
4. It should be promoted that producers shall declare their material POM to the national
authority using a similar format of declaration and a harmonized Compliance Take Back
Scheme (PRO) among Member States.
5. The number of collection points should be sufficiently enough to cover the supply from
consumers and meet the minimum standards. Furthermore, the location of collection
points should be easily accessible to consumers.
6. Monitoring of treatment facilities and data collection process should be done at least
once a year to ensure that they implement national and international treatment standards
such as CENELEC, WEEELABEX among others in order to guarantee an equal play
field among recyclers.
7. In order to avoid misreporting and misinterpretation specialized personnel from National
authorities should audit PROs and treatment facilities.
8. Exports of UEEE and WEEE should be reported to Eurostat. WEEE exports should
correspond and be harmonized with statistics under Basel convention. Currently
transboundary movements are not reported to Eurostat making the quantification of this
flow very challenging as it can only be found in customs data systems.
9. Monitoring should be established in order to quantify W/UEEE being exported to ensure
that this equipment has an optimum preparation for reuse, treatment including
depollution, and recycling/ recovery and therefore guarantee the recovery of SRMs.
10. Mixing of WEEE with mixed metal scrap is an issue of concern that impedes a clear
accountability of WEEE generated/ treated. Therefore, reporting of this flow should be
done and shared with EU member countries.
11. Stronger security measures should be implemented in collection points in order to
decrease the number of components, materials and products currently being scavenged.
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12. Reporting on products and components being scavenged in collection points should be
quantified and reported to authorities. Unknown whereabouts of WEEE constitute a very
significant source of materials in the urban mine. Scavenging malpractices may reduce
collection rates in Member States making it difficult to reach their collection targets.
Further, it is not ensured that scavenged parts/ whole WEEE are treated properly,
including depollution and sound recycling of resulting material fractions.
13. Data collection on all WEEE flows (including illegal flows) should be improved in order
to measure the collection rate of WEEE correctly.
14. Improve monitoring of production and trade statistics as well as treatment facilities.
15. Member States should monitor the stock levels of EEE in households or institutions/
industry (e.g. throughout surveys). Measuring the stock amounts in different years is
useful to both estimate the WEEE generated in future years or as a benchmark for the
WEEE generated estimated by Member States using the harmonized methodology
(Magalini et al. 2014)
Final recovery rates
1. Monitoring of recovery rates should be mandatory and on a regular basis.
2. Quantification of the type of products, components and material being recovered in
different Member States.
4.4.2.4 Research
Compositions
1. Overall, Member States don’t report the composition of products to Eurostat, making it
challenging to measure and evaluate the future availability of SRM in Europe. Further,
there is a lack of composition information regarding newer or upgrade of EEE products
due to confidentiality issues. Most of the compositional information available in
literature is a result of waste sampling which can be significantly outdated. Therefore, it
is important that producers provide (average but accurate) Bill of Material data for their
products placed on the Market to Member States so that the products, components,
materials and elements can be aggregated, further mapped and their future availability
for recovery from the urban mine can be estimated.
2. Country studies should be performed in order to quantify and map the composition flow
of E/WEEE and therefore provide valuable insight on recovery rates per Member States.
The aforementioned can be based on the UNU approach of creating a national research
consortia using a harmonized E-waste classification and standardized survey templates,
wish would allow the quantification and assessment of composition and complementary
flows, and provide recommendations on collection interventions.
3. It is recommended to research the resulting challenges of the implementation of
amendment of the WEEE Directive (2012/19/EU).
Stocks and waste flows
1. Provide to Eurostat in the Quality/Methodological report from Member States a
quantification of unregistered producers with description of actions applied in order to
identify this actors and type of products misreported. Furthermore, a description of the
methodology applied in the quantification of electronic products POM, in order to
improve the knowledge base and consequently have an accurate calculation of WEEE
generated. The aforementioned should be monitored to guarantee a transparent reporting
process, in order to avoid some Member States to decrease the quantity of products POM
and therefore guarantee their complying with their collection targets. In order to
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2.

3.

4.

5.

facilitate the above-mentioned, country studies could be made via additional market
surveys, benchmarking with other countries etc.
Country studies focused on unaccounted WEEE and the so-called complementary flows
(exports of W/UEEE, scavenged, metal scrap, e-waste in mixed residual waste etc.)
should be done.
Development of a unified platform where PROs can input the quantity and type of
WEEE collected and treated in order to improve calculations and to identify products
being scavenged should at a national level and further reported to Eurostat. This would
allow a proper quantification of WEEE properly treated and improve the knowledge of
unaccounted/scavenged products.
Member States should be required to include in the quality reports presented to Eurostat
information regarding: sampling campaigns done to measure WEEE in mixed residual
waste. This should include quantification of WEEE mixed in residual waste, reduction
plans and review processes. Harmonized sampling methodology should be developed in
order to guarantee equal play filed among Member States.
Research studies should be promoted regarding UEEE, WEEE reused and recycled in
order to provide an insight on products lifespans and collection recovery rate.

Final recovery rates
1. Country studies should be done in a form of standardized sampling campaigns or via
surveys in collection/segregation points and treatment facilities in order to quantify the
final recovery rates of SRM of WEEE in Member States.
2. Modelling and monitoring of key end of life processes for which no monitoring nor mass
balances are available, should be done in a standardize manner at a national level.
3. Promote Member States to develop a national mass balance of key materials and
components in W/EEE in order have knowledge of the recovery rates.
4.4.3 Prioritised actions
The following Section outlines prioritize recommendations for the improvement of data
collection methods based on the identification and analysis of existing recommendations and
data gaps. In addition, the selection and implementation of a case study for D2.3 will be shortly
described emphasizing the approach and methodology to be implemented.
4.4.3.1 Overview of actions and case studies
An analysis of the feasibility and resources needed to fulfil prioritize recommendations is
illustrated in Table 33. For the purpose of the analysis a time frame for each recommendation
will be suggested in the following way: short term strategies will involve strategies which their
implementation are mean to last between 1-3 years, Medium term strategies involve strategies
which their implementation are mean to last between 3-5 years and long term strategies involve
strategies which their implementation are mean to last >5 year. The prioritizing of the following
recommendation is dependent on the importance, feasibility and resources require for its
implementation.
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Table 33: Overview of prioritised recommended actions for WEEE
Action

Stakeholders
Involved
Implementation of the ProSUM National
unified data model (UDM) as authorities and
an INSPIRE Annex and Eurostat.
proposed to the Common
Gateway Interface (CGI).

Priority

Feasibility

Medium

This can be implemented
having
a
common
understanding
among
Member States and having
the necessary resources,
specifically medium human
and financial resources.

Establish
a
harmonized National
Medium
framework for registration authorities and term
reporting across Member Eurostat.
States.

High

Provide regular funding to
promote standardized reporting
mechanism across Member
States.

Medium
term

High

Its feasibility depends on a
common
understanding
among Member States and
having
the
necessary
resources for dissemination of
the action. This will as well
entail medium amount of
financial
and
human
resources.
The feasibility of this action
will depend on the funding
availability.

An
amendment
to
the
Commission
Decision
2005/369/EC should be made
and
include
harmonized
definitions and be made
explicit the differentiation of
WEEE treated and WEEE
recycled or recovered in order
to
have
an
accurate
quantification.
Law binding declaration of European
composition content on EEE to Commission,
the corresponding authority.
Producers,
Policy makers,
National
authorities and
Eurostat.
Creation of a centralized European
compliance platform covering Commission,
all Member States in order to PROs, SMEs,
simplify compliance, take-back Policy makers,
obligations and processes.
National
authorities and
Eurostat.

Medium
term

High

This recommendation can be
implemented once all parties
have
a
common
understanding. A medium
amount of human and
financial resources will be
necessary for its execution.

Long
term

Medium
– High

This recommendation can be
implemented once all parties
have
a
common
understanding
on
legal
disclosures and when the
necessary resources are met.

Long
term

LowMedium

Dissemination
of
a Law
classification that would allow Enforcement,
all Member States to categorise European

Short
term

LowMedium

Its feasibility depends on the
common understanding and
resources
available.
In
addition medium financial
and human resources to
support the platform, as well
as capacity building/training
material for the employees.
The feasibility of this action
will depend on the medium
level of funding for training

European
Commission,
National
authorities and
Eurostat.
European
Commission,
Producers,
Policy makers,
National
authorities and
Eurostat.

Time
Frame
Medium
term
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what is UEEE and what is Commission,
WEEE when it comes to Policy makers
exports and imports of and National
electronic products.
authorities/Cus
toms.
Creation of clear guidelines on European
reporting
the
minimum Commission,
requirements for EPR schemes Producers,
under the Waste Framework Policy makers,
Directive.
National
authorities and
Eurostat.
Preparation
and European
implementation of reporting Commission,
guidelines in order to facilitate PROs, SMEs,
the distinction between WEEE Metal
being prepared for reuse, Scrappers,
WEEE sold for reuse and Policy makers,
WEEE recovered in order to National
have a better understanding and authorities and
accounting of all flows.
Eurostat.
Promotion of workshops on
standardized
WEEE
collected/treated/prepared for
reuse/
recycled/recovered
reporting practices

Short
term

LowMedium

A common understanding has
to be met in order to
implement this action and
financial support for the
creation of guidelines and
their dissemination.

Short
term

Medium

The feasibility of this action
will depend on the funding
availability as well as
financial support for the
creation of guidelines and
their dissemination.

Short
term

LowMedium

The feasibility of this action
will depend on the funding
availability.

ShortMedium
term

High

European
ShortCommission,
Medium
PROs, SMEs, term
Metal
Scrappers,
Policy makers,
National
authorities and
Eurostat.

High

This recommendation can be
implemented once all parties
have
a
common
understanding of the goals to
be achieved, standardized
reporting methods and low
human
and
financial
resources to implement,
collect and analyse the
information.
The feasibility of this
recommendation
would
depend on the agreement
between all interest parties.
Furthermore, low amount
human
and
financial
resources will be needed to
guarantee the reporting of
scavenging levels in Member
States.
Its feasibility will depend on
the agreement of interest
parties in defining and

European
Commission,
PROs, SMEs,
Metal
Scrappers,
Policy makers,
National
authorities and
Eurostat.
Creation of a scavenging European
observatory alliance.
Commission,
PROs, SMEs,
Metal
Scrappers,
Policy makers,
National
authorities and
Eurostat.
Reporting on products and
components being scavenged
in collection points should be
quantified and reported to
authorities.

and dissemination material
and common understanding
among the different parties.

Implement standards of output European
Shortmaterial
fractions
from Commission,
Medium
recovery/recycling
process PROs, SMEs, term
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from PROs among Member Policy makers,
States.
National
authorities and
Eurostat.
Exports of UEEE and WEEE European
should be reported to Eurostat. Commission,
WEEE
exports
should National
correspond and be harmonized authorities/Cus
with statistics under Basel toms,
convention.
Producers,
Law
enforcement
and Eurostat.
Monitor the imports and Policy makers,
exports of UEEE and WEEE to National
impede the illegal trade of EEE authorities/Cus
or restrict the imports of low toms.
quality of products/waste
flows.
National authorities should
monitor and apply penalization
to online sellers who are not
properly registered.

Member States should have and
implement
monitoring
standardized guidelines of
treatment facilities.

European
Commission,
National
authorities/Cus
toms,
Producers,
Law
enforcement
and Eurostat.
European
Commission,
National
authorities/Cus
toms,
Producers,
Law
enforcement
and Eurostat.
European
Commission,
National
authorities/Cus
toms,
Producers,
Law
enforcement
and Eurostat.
National
authorities and
Eurostat.

Data collection should be done
at least once a year to ensure
that they implement national
and international treatment
standards such as CENELEC,
WEEELABEX
etc.
The
implementation
of
this
standards should be legally
binding across Member States.
Member States should monitor
the stock levels of EEE in
households or institutions/
industry
(e.g.
throughout
surveys).
Country studies should be done European
in order to quantify and map the Commission,

implementing the standards.
A low financial and human
resources will be required.
Medium
term

Medium

A common understanding
among Member States and
interest parties and a medium
amount of human capability
and funding availability will
determine the feasibility of
this action.

ShortMedium
term

Medium

This recommendation can be
implemented once all parties
have
a
common
understanding and a low
amount of financial and
human resources.

Medium
term

Medium

Its feasibility will depend on
medium amount of human
and financial resources as
well
as
a
successful
coordination and agreement
between stakeholders.

Medium
term

High

The feasibility of this action
will depend on the funding
availability as well as
financial support for the
creation of guidelines and
monitoring
of
its
implementation.

Medium
term

High

This can be implemented by
creating
standardized
monitoring programs in
Member States. It will require
a moderate amount of
financial resources.

Short
Term

LowMedium

Medium
term

High

In
order
for
this
recommendation
to
be
feasible a low amount of
financial
and
human
resources is required.
Its feasibility will depend on
the available resources to
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composition flow of E/WEEE
and therefore provide valuable
insight on recovery rates per
Member States.
Country studies focused on
unaccounted WEEE and the socalled complementary flows
(exports
of
W/UEEE,
scavenged, metal scrap, ewaste in mixed residual waste
etc.) should be done.
Country studies should be done
in a form of standardized
sampling campaigns or via
surveys
in
collection/segregation points
and treatment facilities in order
to quantify the final recovery
rates of SRM of WEEE in
Member States
Modelling and monitoring of
key end of life processes for
which no monitoring nor mass
balances are available should
be done in a standardize
manner at a national level.

National
authorities,
Producers,
PROs, SMEs
and Eurostat.
European
Medium
Commission,
term
National
authorities,
Producers,
PROs, SMEs
and Eurostat.

High

implement
the
country
studies. It will require a
medium amount of financial
resources as well as capacity
support.
The feasibility of this
recommendation will depend
on the available resources to
implement
the
country
studies. It will require a
medium amount of financial
support and human resources.

European
Medium
Commission,
term
National
authorities,
Producers,
PROs, SMEs
and Eurostat.

High

The feasibility of this
recommendation will depend
on the available resources to
implement
the
country
studies. It will require a
medium amount of financial
support and human resources.

European
Long
Commission,
term
National
authorities,
Producers,
PROs, SMEs
and Eurostat.

Medium

In
order
for
this
recommendation
to
be
feasible
common
understanding among interest
parties should be achieved. In
addition medium amount of
human
and
financial
resources will be required.

4.4.3.2 Case Study Proposal
As a result of the identification of W/EEE data gaps and data availability combined with the
ProSUM recommendations and the Eunomia report (highlighted in Table 31 and Table 32), it
is concluded that two case studies should be done in order to improve data reporting practices,
data sets of flows and composition. The two selected case studies will focus on PV Panels (see
next Section 4.5) and on measuring the scavenging levels of valuable components from WEEE.
Measuring the scavenging levels of valuable components from WEEE
The proposed case study aims to analyse the different type of fraction (products, components,
materials) that are currently being scavenged prior entering into the treatment/ recycling
stream.
The proposed approached is to implement improved sampling protocols for the scavenging of
components in WEEE and to provide a best practice guideline through a market survey to
improve the data collection methods on this flow across Member States. The implementation
of the case study for both the sampling protocols and the market survey will be done in France
given its strategic location and its comparability with other Member States. The analysis of this
type of fraction in the near future could be embedded in national monitoring process or even
in at a long term aim to develop for recyclers a scavenging observatory across Member States.
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Figure 14 illustrates the scope that case study of scavenging levels of valuable components
from WEEE will entail, aiming specifically on the mapping of the scavenged fraction and
evaluating the fraction of components and materials that are treated. Moreover, an analysis on
environmental relevance of scavenging practices will be address for some components such as
CCFL backlighting of TV´s / Monitors, fridges compressors and batteries/ battery packs.
Additionally, an improvement and update of ProSUM data sets will be done.
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Figure 14: Overview of the scope of the case study for Measurement of Scavenged components

146

Funded by
the European Union

4.5 Recommendations for PV Panels
Although projects were conducted that explicitly dealt with data collection methods for WEEE,
PV Panels were in general not particularly in focus. However, since this is an emerging waste
stream that – sooner or later – will be a significant share of total WEEE in nearly all Member
States, more effort on projecting future waste streams of PV Panels and their SRM potential
seems to be reasonable.
Building on the outcomes of the inventory of data sources for PV Panels (see chapter 4.1.6),
the data reporting procedures (see chapter 4.2.4), and the assessment of the data sources and
gaps (see chapter 4.3.5) the following Section will derive strategies to improve the data/
knowledge base. Therefore, the projects mapped in D5.2 and further literature on PV Panels
was analysed concerning their recommendations on data sources, data gaps, and methodology.
4.5.1 Existing and general recommendations
Apart from projects improving existent or developing new PV Panel technologies, projects on
the reuse and recycling of PV panels are being carried out more and more. However, there was
no project identified that explicitly and fully dealt with the data gaps and data collection
methods of PV Panels. Nonetheless, from some projects and further publications knowledge
on data gaps and data collection methods can be retrieved as well as some suggestions on
solving methodological questions. Taking this as basis allows for developing own
recommendations and strategies concerning data collection improvement.
4.5.1.1 Relevant projects
CABRISS project
The CABRISS project aims at developing a circular economy for the photovoltaics industry
(production wastes as well as end-of-life waste) benefiting also for the electronics, metallurgy
and glass industry, mainly aiming at indium, silicon, silver, glass, and aluminium. E.g. they try
to develop industrial symbioses with other industries by providing SRM for their respective
production. Also, they aim at a collection of 90% of PV Panel waste. Although CABRISS did
publish data (CABRISS OpenDataSet), the data seems not applicable for the scopes of
ProSUM and ORAMA (e.g. metal impurities in ingots and wafers). The articles published so
far mostly deal with very technical questions, whereas the public business plan does contain
results of a forecast of PV Panel waste for 17 European countries. It indicates that data for life
time (Weibull), composition, and POM were reviewed (Hoffmann et al. 2017). However, it
refers to the CABRISS Market and Competitive Analysis which is only internal and therefore
cannot be evaluation concerning recommendations in the sense of ORAMA’s scope. Further,
a LCA was conducted but data in form of BOM seems not to be published as well as data on
current and possible recycling rates.
CU-PV project
The CU-PV project aimed at developing sustainable PV Panels by maximizing material
efficiency and reducing pollution in PV Panel production (less use of critical resources such as
energy, silver, and lead) as well as improving recycling by design measures, better cooperation
in the waste value chain, and further development of recycling technologies. Concerning
recycling, the project also dealt with the question of the quality of the recycling output
fractions. Their final report contains data on the recovery rates for certain materials/ elements
for the treatment and recycling process developed in the project. However, there was no
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information found on how the data was gathered, what problems occurred, and no
recommendations were given on the improvement of the data. (Olson et al. 2013; CU-PV 2016)
ReSiELP project
Since the project started only recently (2017/2018) there are still no results published.
However, data can be expected as the project aims at keeping critical and precious raw
materials such as Si and Ag as well as “by-products” such as glass, Al and Cu in circular value
chain. Further, the project aims at establishing a plant in Italy by 2020
(http://www.enea.it/en/news-enea/news/circular-economy-at-the-start-project-to-recover-rawmaterials-from-end-of-cycle-photovoltaic-panels).
PhotoLife project
The PhotoLife Project targets at demonstrating in pilot scale the technical feasibility of a
process for the automated and simultaneous treatment of the three main kinds of photovoltaic
panels, i.e. crystalline Si, amorphous Si, Cd-Te, and at characterizing the pilot plant products
(glass and metals). However, although the project was finished in 2017, no final report nor any
deliverables are available so far.
4.5.1.2 Other projects and literature
Eco-Solar project (H2020)
This project has a strong technical focus and aims at developing PV Panels with recyclable/
reusable components. Deliverables and articles published so far do not contain data on future
amounts concerning POM or waste (http://ecosolar.eu.com/publications/). Since the PV Panels
developed are new technologies that are still not traded on the market, it is even in question if
this technology will get a significant market share. However, if it does, the project could
possibly deliver valuable data concerning composition and life time of this specific PV Panel
type.
Photo-Rec project (Germany, BMBF r³)
The focus of the Photo-Rec project was to develop recycling technologies for thin film PV
Panels. In order to evaluate the effectivity of different treatment options, the concentrations of
the metals used for the respective PV Panel technology were measured. Thus, the project
contain data concerning composition as well as first results on recycling efficiencies for
possible future treatment/ recycling technologies. Whereas the final report at least states which
analytical equipment was used (XRF) it does neither contain an analysis nor recommendations
on difficulties of data collection etc. (Bartosinski and Friedrich 2015)
IRENA report
In 2016 the International Renewable Energy Agency (IRENA) and the International Energy
Agency Photovoltaic Power Systems Programme (IEA-PVPS) published a report on end-oflife management of PV Panels (Weckend et al. 2016). This was the first report that – behind
technical issues concerning the treatment/ recycling of PV panels – conducted a global PV
Panel waste forecast. Doing so, the authors also discussed discrepancy of data found in
literature and developed different scenarios concerning the life time distribution for PV panels.
The report identified the following issues as main areas of uncertainty:
- Data on PV Panel failure modes is missing;
- It remains unclear if PV Panels with failures are nevertheless run or if they really enter
the waste stream;
- The rapid evolution of PV materials and designs has important influence of recycling
potential of metals and other materials.
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Further, the report stressed out the importance to use dynamic power-to-mass ratios for the
conversion of data from energy statistics (MWp) to weight (tonnes) since the power-to-weightratio reduced significantly over time.
ITRPV report
The International Technology Roadmap for Photovoltaic Panels is periodically published;
currently in its 9th edition (ITRPV 2018). The Roadmap mainly focuses on economic (e.g.
prices, market shares) and production (e.g. share of different wafering technologies, wafer
thickness) issues but also contains data concerning the content of certain elements/ materials
per PV cell. E.g. for silver the reduction of silver per cell over time is shown. Also, the report
discusses the probability of the replacement of silver by copper. Further, the report contains
data on (among others):
- the thickness of frontglasses (here also a reduction over time can be seen),
- the market share of different cell interconnection technologies (lead soldering, lead-free
soldering, conductive adhesives),
- the marked share of different frame, encapsulation and backsheet materials.
However, the calculation/ source for the displayed values cannot be retraced. The report states:
“Data was collected from the participating companies and processed anonymously by VDMA.
The participating companies jointly agreed that the results are reported in this roadmap
publication. All plotted data points of the parameters reported are median values generated
from the input data”. A list of the contributors of the roadmap is published on the website
(http://www.itrpv.net/About-ITRPV/Contributors-Authors/).
Global Market Outlook for Solar Power
This periodically updated publication is initiated by Solar Power Europe (SolarPower Europe
2018). It summarises global wide data in installed capacities of PV Panels; differentiated by
world regions or countries. Further, it draws scenarios for future installation of capacities. The
report does not distinguish between different PV Panel technologies and does not discuss any
waste implications.
ReStra project
The ReStra project was commissioned by the German Environment Agency in order to forecast
future waste amounts of certain precious and special metals in products that are not ELV nor
WEEE (Sander et al. 2017). However, since the project was designed before the Recast of the
WEEE Directive, PV Panels were included. Since the project – as mentioned – focussed on
certain metals, only the PV Panel technologies CdTe, a-Si, and CIGS where analysed. The
main findings concerning available data were:
- the weight-to-power ration differs over time and by data source
- the market share of the different PV Panel technologies can only be taken from global
figures – there is no data for EU or GER available,
- composition data refers to different reference points (m2, MWp, module, cell) and
shows high ranges,
- there is no data concerning export for reuse available,
- concerning lifetime there exist only few and varying data sets.
Paiano 2015
Paiano conducted a PV Panel waste cast for Italy (Paiano 2015). The main findings concerning
the applied methodology and the available data were:
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-

the EU-wide market share of different PV Panel technologies does not fit for Italy; due
to absence of adequate statistics own research was undertaken to derive respective
market shares valid for Italy,
- the weight-to-power ratio differs for the respective PV Panel technologies,
- only few data on composition of emerging technologies were available,
- in literature available recycling/ recovery rates per material/ element vary strongly.
Although Paiano had a very differentiated look on certain data, but did not evaluate available
data on life-time distribution and conducted her calculations taking for granted a certain
average life time. Further, changes of composition over time are not considered.
Peeters et al. 2017
Peeters et al. calculated the future PV Panel waste generation for the region Flanders (Peeters
et al. 2017). Their main findings/ discussions were:
1. constant lifetimes neglect the reality, but Weibull life time distributions do also not fit
although it was found that they are suitable for EEE; instead they suggest to use a bathtub
curve in order to be able to consider early losses that are – compared to other EEE – are
relatively high,
2. nevertheless, there is a lack of lifetime data; in order to simulate the bathtub lifetime
distribution probabilities to be discarded at certain age where used for the calculations,
3. concerning POM in MWp the nominal power of inverters is used instead of the nominal
power of the PV installations since they differ by 10%,
4. the weight-to-power ratio differs over time and by data source
5. the authors also consider changes of the composition over time; concerning silver they
additionally assume that only 90% of Si PV Panels contain silver (rest: copper)
6. the authors develop three different waste scenarios: low, average, and high waste
scenario.
Marwede 2013
In his PhD Thesis Marwede conducts a MFA for critical metals in PV Panels (Marwede 2013).
Therefore, he develops three different scenarios, considering different shapings of the
parameters:
7. different values for early returns and Weibull parameters (mode, scale and shape factor)
8. future annual installation,
9. conversion efficiency,
10. layer thickness,
11. material utilization rate,
12. overspray recovery,
13. overall equipment efficiency,
14. collection rate of off-spec modules,
15. collection rate of end-of-life modules,
16. material recovery module recovery.
17. material recovery refining.
Data availability and data collection aspects were not further examined since this was not the
scope of the study.
EU COM study on PV Panels 2011
In order to decide whether PV Panels should be integrated in the scope of the WEEE Directive
or not this study was carried out to assess the respective impacts (Monier and Hestin 2011). In
order to create different scenarios several data and information were used, and assumptions
made. Concerning future possible POM, the authors e.g. use data published by Greenpeace and
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also differentiate between different PV Panel technology types. Further, assumptions
concerning recycling rates based on literature values are made. However, the methodology to
forecast PV Panel waste (by technology type) and total recycling rates for certain materials is
not clearly described nor gives the report recommendations on data collection methods.
4.5.2 Proposed strategies
First of all, it has to be emphasized that strategies concerning WEEE in general also apply to
PV Panels (see above). The proposed strategies in this Section contain further suggestions that
are especially applicable for PV Panels.
4.5.2.1 Classifications
Compositions
1. So far, the UMP (ProSUM) classification distinguishes on the UNU sub key level as
well as on the product level between »PV Panels (roof-mounted)« and »PV Panels
(other types)« (see Figure 15). Only on the component level the different PV Panel
technology types are differentiated by distinguishing “PVcellCdTe”, “PVcellCIGS”,
and “PVcellSi””. The idea behind this was to consider with »PV panel (roof-mounted)
those PV Panels that are constructively integrated in roofs or buildings (integrated PV
Panels) and differ therefore in their composition from on-roof PV Panels especially
regarding frame and glass cover. Since this structure does not allow to easily get data
on total amounts of PV Panels per technology type it is recommended to discuss a
change of the Sub key level in that way that it considers the different PV Panel
technology types. Additionally, it should be investigated:
- how strongly the compositions of roof/ building integrated PV Panels differ from
on roof/ on ground PV Panels and
- if converters – which are registered according to the WEEE Directive usually in
a different category – should be integrated in the UNU Key or not.
The results should be taken into account when discussing a possibly new classification
for the UNU key 0002 Photovoltaic Panels.

Figure 15: UMP/ ProSUM Sub key classification for UNU Key 0002 Photovoltaic Panels

2. Due to technological progress, the classification needs to be easily updatable to add
new PV Panel Technologies that start having significant market shares.
Stocks and waste flows
1. Concerning the monitoring according to the WEEE Directive, data on PV Panel POM,
WEEE collected, treated, prepared for reuse, recycled, recovered, and exported it
should become mandatory to report data on PV Panels separately and not only as part
of category 4 Large Appliances. This should be integrated in a revised version of
Commission Decision 2005/369/EC; eventually therefore the WEEE Directive has to
be changed.
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2. The official WEEE and Renewable Energy Statistics do not differentiate different PV
Panel technology types. It should be evaluated if it is possible to integrate this
differentiation in official statistics.
3. Concerning the power-to-weight ratio that is needed to convert values from energy
statistics (in MWp) into weight (tonnes):
- The change over time should be further investigated and considered in the
calculations for the UMP and
- It should be investigated if the conversion factor differs significantly between
different PV Panel technology types (if yes, this should also be considered in
the calculations for the UMP).
4. So far, there is no data on the export of used PV Panels (no waste) in other countries,
therefore:
- Producers of PV Panels, PV Panel producer organisations, operators of
photovoltaic power stations, distributors for (used) PV Panels, PROs should
collect data on this in a harmonized way and publish it in suitable reports and
- It should be examined if this type of data can be retrieved from regular statistics
and if not if statitics can be changed to enable this.
Final recovery rates
1. A harmonized nomenclature and classification system for the output fractions of PV
Panel treatment and recycling plants should be developed.
4.5.2.2 Stakeholder Involvement
Compositions
1. Researchers, producers, and treatment plants should structure their data on PV Panel
composition according to the UMP/ ProSUM nomenclature in order to expand the data
currently used for the calculations. In order to introduce the nomenclature/
classification currently ongoing projects on development of PV Panel technologies as
well as projects dealing with questions of treatment/ recycling should be contacted.
Further, the producers and treatment facilities organisations should be contacted and
asked to use this classification.
Stocks and waste flows
1. Producers and operators of PV power stations should collect and publish data on early
returns (damages due to transport, mounting, early failure PV Panels, etc.) in order to
discuss/ verify the life time distribution methodology used for prospecting future waste
streams of PV Panels and contribute the data itself.
2. Concerning verifying the age of PV Panels at their disposal, treatment facilities should
regularly – in the frame of sampling campaigns – analyse the age of PV Panels that
enter their treatment facility. These data would be a valuable contribution in order to
review the life time distribution curves of PV Panels (life time should be examined per
PV Panel technology type).
3. Eurostat’s Energy Statistics department should analyse the possibility to collect data
for installed capacities per PV Panel technology type.
4. Eurostat’s WEEE Statistics and DG ENV should change the regulatory frame in order
to make the reporting of separate data for PV Panels mandatory (according to Eurostat’s
guideline for WEEE reporting where separate monitoring of PV Panels is introduced
but still voluntary).
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5. Industry associations like IRENA, SolarPower Europe, ITRPV should expand their
voluntary reporting to POM data (in MWp or tonnes) per PV Panel technology type.
Final recovery rates
1. A monitoring guideline/ fact sheet should be developed that contains a comprehensive
methodological description how to collect data in order to calculate (material specific)
recycling and recovery rates (corresponding with the PV Panel classification). This
guideline, defining minimum requirements, should be applied by treatment/ recycling
facility operators as well as by researchers who develop recycling options.
4.5.2.3 Monitoring
Compositions
1. No official monitoring system is in place to collect data on PV Panel composition. The
availability of data depends on the efforts made by producers, treatment facilities, and
researchers. Introducing a monitoring system requires developing a guidance on the
required level of details of composition data, as well as methods to collect, assess and
update the data (see also 4.5.2.1 and 4.5.2.2).
Stocks and waste flows
1. Since PV Panels are a relevant WEEE stock and flow in terms of amount and regarding
their specific composition, official statistics should take them into account. This means
(see also 4.5.2.2):
- The monitoring requirements of the WEEE Directive should be amended in
order to report separately on PV Panels as sub category of »Large Appliances«
(analogously to »gas discharge lamps« as sub category of »Lamps«) and
- Energy Statistics should be reviewed concerning the possiblity to monitor
installed capacities by PV Panel technology type.
Final recovery rates
1. A common methodology how to collect data for and calculate (material specific)
recycling and recovery rates for WEEE/ PV Panels should be developed and made be
mandatory to apply in the respective MS by all stakeholders involved in the PV Panel
treatment chain. This would make data between categories, treatment/ recycling
technologies, and MS, comparable.
4.5.2.4 Research
Compositions
1. Research organisations working on technical solutions for PV Panel treatment/
recycling and thus analysing the composition of PV Panels should apply the UMP/
ProSUM classification in order to produce comparable and compatible data.
2. Research on time series concerning the composition of the different PV Panel
technology types should be done.
3. Projects especially developing emerging/ new PV Panel technologies should develop
classifications that fit to the UMP/ ProSUM classification; thus, they already publish
data that can be used for future expansion of the prospections of SRM in the urban
mine.
Stocks and waste flows
1. Mainly, Weibull distributions are used to describe the distribution of age at point of
disposal. However, it is called into question if this is the right methodology to describe
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life time distribution of PV Panels. Therefore, researchers should conduct research on
the basis of improved data (see 4.5.2.2).
2. Research projects should analyse the share of different PV Panel technologies types per
MS and compare the data to global data (How much do the respective shares differ from
each other? Is it sufficiently accurate to use global shares or are national shares
indispensable for waste and SRM forecasts?).
3. Concerning waste collection, the influence of PV Panel POM on possibly reachable
collection rats should be shown and a PV Panel specific rate should be determined.
Final recovery rates
1. Concerning recycling and recovery, material specific rates - corresponding with
composition classification - should be determined. Currently ongoing and future
projects should determine (material specific) recycling/ recovery rates – using same
methodology to gain comparable data for different PV technologies and treatment/
recycling processes
2. Different qualities for output fractions from treatment/ recycling should be classified
and research should determine corresponding data in order to assess the quality of
treatment/ recycling operations.
4.5.3 Prioritised actions
The following Section summarizes priority actions for the improvement of data collection
methods based on the identification and analysis of available data and data gaps as well as
existing recommendations. In addition, the selection and implementation of a case study for
D2.3 will be shortly described.
4.5.3.1 Overview of actions and case studies
An analysis of the feasibility and resources needed to fulfil the prioritized actions is illustrated
in Table 34. For the purpose of the analysis a time frame for each recommendation will be
suggested in the following way: strategies suggested to be implemented short term will mean
to last between 1-3 years, medium term strategies involve strategies which their
implementation are meant to last between 3-5 years and long term strategies involve strategies
which their implementation are meant to last >5 year. The prioritizing is dependent on the
importance, feasibility and resources require for its implementation.
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Table 34: Overview of PV Panel prioritized recommendations
Action

Stakeholders
Involved
Monitoring
of DG
ENV,
separate PV Panel Eurostat,
reporting
under National
WEEE Directive.
authorities

Time
Frame
Medium
term

Priori
-ty
High

Monitoring of PV DG
ENV, Long term Low
Panels
per Eurostat,
technology
type National
under
WEEE authorities
Directive.

Monitoring
of
installed PV Panel
capacities
differentiated
by
technology type and
country.

Eurostat, DG Medium
Energy,
term
National
authorities

High

Producer and Short
Renewable
term
Energy
Organisations

High

Examine
and Researchers
improve
UMP/
ProSUM
classification.

Short
term

High

Apply
UMP/
ProSUM
classification/
characterisation.

Short/
medium
term

High

Short
term

High

Researchers;
Producers,
Treatment
facilities

Dynamize data on Research
composition.
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Feasibility
May require change of WEEE Directive;
in any case amendment of Commission
Decision 2005/369/EC. Will presumably
need low human and financial resources
for the implementing and enforcement.
Since already the separate reporting of
the total amount of PV Panels would
mean to introduce a sub category to the
reporting according to the WEEE
Directive, and the UNU Key as well
displays the total amount of PV Panels, it
is unlikely that it a monitoring per PV
Panel technology type will be adapted.
Would need a clear PV Panel technology
type classification and medium human
and financial resources.
For Italy it was shown that national
figures differ from available global ones;
however, the need for this – compared to
applying global figures – should be
clarified before changing statistics.
Would require medium human and
financial resources.
It is likely that this information is already
available and could relatively easy be
included in voluntary reports of producer
and renewable energy organisations.
This would also support the decision if is
necessary to integrate this in official
statistics. Would presumably require low
to medium human and financial
resources.
Should be feasible based on further
literature review and classification done
in ProSUM.
Should be expanded for emerging PV
Panel technologies. Needs low human
and financial resources.
Contact ongoing and future research
projects as well es producers and
treatment facilities in order to ask to
provide data according to the
classification/
charactarisation.
Depending on the complexity, this would
presumably require medium human and
financial resources. Further, a guideline
on classification/ characterisation is
needed.
Should be feasible based on literature
values; at least for some materials/
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Establish
a
monitoring guideline
for
treatment/
recycling facilities,
including
determination
of
material
specific
recycling rates.

Researchers,
treatment/
recycling plant
operators; DG
ENV
and
National
authorities

Short
term/
medium
term

High

Improve data on life Researchers
time distribution

Short
term

Mediu
m

Operators of
photovoltaic
power stations,
treatment
facilities/
PROs
Show influence on Researchers;
WEEE collection rate DG
ENV,
and define separate National
collection target
Authorities

Short
term

High

Short
term/
medium
term

High

Improve data on Researchers;
power-to-weight
Producers
ratio and include in
calculations of UMP

Short
term

High

Collect
data/ Producers and Short
information on reuse operators
of term
of PV Panels
power plants

high

Eurostat
national

and Long term high
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elements whose mass per PV Panel/
MWp decreased significantly over time,
e.g. silver. Concerning past data,
medium human and financial resources
are needed; concerning future research
due to direct implementation this
presumably requires low additional
human and financial resources.
In a first step it can be developed by
researchers back-to-back with treatment/
recycling plants operators. In a second
step it could be improved/ amended and
made be mandatory for all MS in order
to generate comparable data.
Further, an assessment of the quality of
output fractions/ SRM based on their
usage could be added. Will presumably
require medium to high human and
financial
resources;
needs
the
development of a monitoring guideline.
Verify methodology (Weibull vs.
bathtub curve). Needs low to medium
human and financial resources.
Collect data on early returns and age at
time of entering the waste collection/
treatment. Requires medium to high
human and financial resources and a
sampling campaign protocol.
Can be based on studies that were
commissioned by DG ENV combined
with results from statistics and EU
WEEE calculation tool. Needs low
human and financial resources.
It should be checked if data per
technology type is available (producers,
literature). Needs low to medium human
and financial resources for the research
and presumably medium human and
financial
resources
for
the
implementation.
Necessary to get an overview since PV
Panels exported for reuse will not
become waste in country of origin. This
can influence the collection rate
significantly. Data might be provided by
organisations of producers and/ or power
plant operators and could be included in
periodically published voluntary reports.
Needs presumably low to medium
human and financial resources.
Further, official statistics could be
amended; however, this might not be
easily feasible. Would presumably need
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statistical
authorities

medium to high human and financial
resources.

4.5.3.2 Case study proposals
The proposed case study for PV Panels will have a look at various data points throughout the
PV Panel life cycle and thus tackle manifold data issues (see Figure 16).
The goal of the study will be:
3. Analysis and recommendations for improvement of data collection methods for PV
panels with view to their secondary raw material potential; taking into account different
PV technologies and change of composition over time etc.
The expected results will focus on:
4. By time and PV Panel technology differentiated data sets for UMP,
5. Improved composition characterization system and life time distribution data,
6. Recommendation on adjustments of official statistics (Energy and WEEE),
7. Show influence of PV POM and waste on WEEE collection rate,
8. Guideline for data generation on composition in research projects,
9. Recommendations for PV panel waste treatment facilities on monitoring including
sampling campaign protocol.
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POM

Stock

Figure 16: Scope of intended D2.3 case study on PV Panels

Therefore, presumably the following tasks are planned to conduct (depending on their
practicability):
10. Analyse available data
- POM, stock, composition, waste generation, waste collected, treatment and
recycling
- energy statistics, WEEE statistics, literature, data of stakeholders
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-

special view on grade of detail, e.g. completeness (on-/off-grid), data per
technology type, etc.), time series (conversion factor, composition)
11. Interview compliance schemes of MS (ITA, DEU, FRA?)
- What kind of data is collected and in what grade of detail?
- To which degree of detail would the data collection be possible?
12. Quantify POM, Stock & WG flows of chosen MS
- Taking into account changes over time (share of different technologies,
conversion factor, composition)
13. Define new sub-keys for UNU-keys and classification/ characterization for UMP
14. Analyse and describe influence of PV panels for overall WEEE collection rate
15. Develop guidance for better reporting practices
- Composition Data
- Waste flow data
- WEEE reporting
- Energy statistics
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5 METAL SCRAP
Metal products are crucial to numerous products. The products are either simpler metallic
products that contain no or hardly any other materials (e.g. power lines, railway tracks) or are
part of more complex products from buildings, vehicles and electrical and electronic
equipment, furniture, etc. The different metals used contain different alloy metals in different
shares that are the basis for the very specific characteristics of the metals, e.g. like ranging from
low value steel sheets to bronze and brass as well as high-strength low-alloy (HSLA) steel or
aluminium-silicon casting alloys (each of them including various sub-types). However, even
simpler metallic products do contain other elements than the main one, i.e. in form of alloying
elements.
Since metal alloys contain CRM and are – due to their material composition – partly treated
together with WEEE and ELV this chapter has a closer look on metal and metal scrap statistics
and classifications. Further, especially WEEE is partly collected together with metal scrap and
thus enters the treatment and recycling chain of metal scrap (see Sections on complementary
flows of WEEE) which is why it makes sense to evaluate metal scrap statistics.
When becoming waste, the metals are separated (e.g. by direct sorting or sorting after
treatment) and are sent for recycling. However, the waste collection groups formed are
comparatively unspecific. This results in non-functional recycling, which means a loss of the
certain function of a specific alloy and thus a loss of the alloying material (Nakajima et al.
2009; Nakajima et al. 2010) as well as a degradation in quality due to impurities of other metals
(e.g. copper impurities in steel scrap) (UNEP 2011; Reck 2014; Allwood et al. 2016; Sander et
al. 2017b).

5.1 Inventory of National data sources
5.1.1 Placed on the market
Concerning the worldwide production of metals, governmental as well as non-governmental
organisations publish data. The existing data refers to different information, e.g.:
- Extraction (ore)
- Production (different processing degrees of the metal production process)
- Use (in total or partly for different uses)
Sources for such data are:
- Geological surveys such as U.S. Geological Survey (USGS) and the German
Bundesanstalt für Geowissenschaften und Rohstoffe (BGR, ROSYS information
system);
- Economic organisations such as European Aluminium, worldsteel ASSOCIATION,
International Copper Association publish e.g. on the production and use of metals as
well as data on worldwide trade. E.g. the world steel ASSOCIATION publishes in its
Steel Statistical Yearbook Data on the production, import and export, and apparent and
true use of different steel types (e.g. crude steel), as well as different semi-finished and
finished metal products (e.g. hot rolled bars, railway track material, welded tubes)
(worldsteel ASSOCIATION 2018).
However, not all data are accessible free of charge, such as the data of the World Bureau
of Metal Statistics.
Further, national accounts provide information on the sectors in which metal products (such as
semi-finished goods) are used and what further processed products are assembled/ built from
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them (national input-output statistics; production statistics (PRODCOM)). This is
supplemented by trade statistics. Production and trade statistics contain detailed information
on base metals and articles of base metals; e.g. according to the Combined Nomenclature under
the codes 72 to 83 (see Figure 17) (e.g. 7201 50 10 “Alloy pig iron containing by weight not
less than 0,3% but not more than 1% of titanium and not less than 0,5% but not more than 1%
of vanadium”). Concerning PRODCOM, the main indicators of the production sold during the
calendar year are collected and published both in monetary (EUR) and physical (kg, m2,
number of items, etc.) terms. Data on physical imports and exports are collected in the
framework of material flow accounts (economy-wide material flow accounts (EW-MFA)).
However, it remains unclear, if data collected by Member States, always also queries physical
data or if monetary values are converted to physical data using conversion factors.

Figure 17: Excerpt of Schedule of Customs Duties of Commission Implementing Regulation (EU)
2018/1602 of 11 October 2018, amending Annex I of Council Regulation (EEC) No 2658/87 on
the tariff and statistical nomenclature and on the Common Customs Tariff.

5.1.2 Composition
Standards and specifications for metals are developed by different organizations with diverse
scopes.
In the case of copper, the following systems exist and are used for production and trade
[www.copper.org/resources/standards/]:
- UNS Standard Designation for Wrought and Cast Copper and Copper Alloys
Introduction to Unified Numbering System, Chemical Symbols and Standard Chemical
Composition Limits.
- ASTM Standard Designations for Wrought and Cast Copper and Copper Alloys
Composition of UNS alloys.
- International Alloy Systems for Copper
A cross index of the various alloy systems used worldwide for copper and copper
alloys. Courtesy of the DKI (Deutsches Kupferinstitut).
- Comparisons of National Standards
Standard Compositions for ASTM, DIN, EN, BS.
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-

Cross Specification Index
A cross index of the principal specification systems used in the United States for
wrought and cast copper alloys in their numerous product forms.
- European Numbering System for Non-Ferrous Metals
Article provided by the British Copper Development Association.
Concerning steel, the various types can be grouped roughly into the four following categories
(according to the American Iron & Steel Institute (AISI)):
- Carbon Steel
- Alloy Steel
- Stainless Steel
- Tool Steel
For further classification there are mainly two different numbering systems used that were
developed by:
1) American Iron & Steel Institute (AISI), and
2) Society of Automotive Engineers (SAE).
Both systems are based on a four digit system. If the first digit is a one (1xxx) it indicates a
carbon steel in both the SAE & AISI system. Carbon steels are further subdivided into four
categories due to particular underlying properties among them:
- Plain Carbon Steel is encompassed within the 10xx series (containing 1.00% Mn
maximum)
- Re-Sulfurized Carbon steel is encompassed within the 11xx series
- Re-Sulfurized and Re-Phosphorized Carbon Steel is encompassed within the 12xx
series
- Non-Re-Sulfurized High-Manganese (up-to 1.65%) carbon steel is encompassed within
the 15xx series.
The first digit on all other alloy steels (under the SAE-AISI system), are then classified as
follows:
2 = Nickel steels.
3 = Nickel-chromium steels.
4 = Molybdenum steels.
5 = Chromium steels.
6 = Chromium-vanadium steels.
7 = Tungsten-chromium steels.
8 = Nickel-chromium-molybdenum steels
9 = Silicon-manganese steels and various other SAE grades
The second digit of the series (sometimes but not always) indicates the concentration of the
major element in percentiles (1 equals 1%).
The last two digits of the series indicate the carbon concentration to 0.01%. E.g. SAE 5130 is
a chromium alloy steel containing about 1% of chromium and approximately 0.30% of carbon.
Institutions and companies on European level that are involved in or working with
classifications on metals are listed in Table 35.
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Table 35: List of organizations involved in metal’s production and trade (non-exhaustive) (taken
from EuRIC and own research)
Organisation
Metals
Eurometaux
Eurofer
Eaa
EFR
EUROMETRE
C
EuRIC

Scop
e

Full name

Hyperlink

EU
EU
EU
EU

European Association of Metals
The European Steel Association
European Aluminium Association
European
Ferrous
Recovery
&
Recycling Branch
European Metal Trade and Recycling
Federation
European
Recycling
Industries'
Confederation

www.eurometaux.eu
www.eurofer.org
www.european-aluminium.eu
www.efr2.org

EU

Metal scrap or recycling
ISRI
Institute of Scrap Recycling Industries,
Inc.
VDM
bvse

DE
DE

BDSV

DE

Eurometal
Assofermet

EU
IT

Ai

SE

BAR
BMRA
WKO

BG
GB
AT

COBEREC
FEDEREC

BE
FR

romukauppiaat
FER

FI
FI
ES

IGMNiR

PL

HOSZ

HR

MRF
NR
SEPAN

NL
NO
GR

Verband deutscher Metallhändler
Bundesverband Sekundärrohstoffe und
Entsorgung
Bundesvereinigung
Deutscher
Stahlrecyclingund
Entsorgungsunternehmen e.V.
Associazione
nazionale
dei
commercianti in ferro e acciaio, metalli
non ferrosi, rottami ferrosi, ferramenta e
affini
Atervinnings industrierna - Swedish
Recycling Industries' Association
Bulgarian Association of Recycling
British Metals Recycling Association
Bundesgremium des Handels mit
Maschinen,
Computersystemen,
Sekundärrohstoffen, technischem und
industriellem Bedarf
Belgian Recycling Federation
French Federation of Recycling
Companies
Finnish Scrapdealers Association
Kuusakoski Oy
Spanish Federation of Recovery and
Recycling
The Economic Chamber of Non-Ferrous
Metals and Recycling
Hungarian
Waste
Management
Federation
Metal Recycling Federation
NORSK RETURMETALLFORENING
Federation of Recycling and Energy
Recovery Industries and Enterprises

http://users.skynet.be/EUROMETREC.ORG
/index.html
https://www.euric-aisbl.eu/factsfigures/standards-specifications

http://www.isri.org/recycling-commodities
https://www.gdbinternational.com/metals/m
etal101.pdf
www.metallhandel-online.com
www.bvse.de/
https://www.bdsv.org/fileadmin/service/gese
tze_und_regelwerke/sortenliste_en.pdf
http://eurometal.net/
www.assofermet.it

www.recycling.se
www.bar-bg.org
www.recyclemetals.org
www.sekundaerrohstoffhandel.at

www.coberec.be
www.federec.com
http://www.romukauppiaat.fi/
www.kuusakoski.com
www.recuperacion.org
www.igmnir.pl
www.hosz.org
www.mrf.nl
www.norskreturmetall.no
www.sepan.gr

Within ProSUM, the “material type” classification as shown in Table 36 was used for the distinction of
metal alloys.
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Table 36: ProSUM "material type" classification
Code
AlAndAlAlloys
CuAndCuAlloys
MgAndMgAlloys
NiAndNiAlloys
steelAndSteelAlloys
TiAndTiAlloys
AgAndAgAlloys
SnAndSnAlloy
PbAndPbAlloys
ZnAndZnAlloys
metalAlloysOther
metalComposites

Description
Aluminium and Aluminium alloys
Copper and Copper alloys
Magnesium and Magnesium alloys
Nickel and Nickel alloys
Steel and steel alloys
Titanium and Titanium alloys
Silver and Silver alloys
Tin and Tin alloys
Pb and Pb alloys
Zn and Zn alloys
Metal alloys, other
Metal-matrix composites

The material types where further classified in materials with regard to the alloy type. E.g. the
classification for AlAndAlAlloys was done as listed in Table 37.
Table 37: ProSUM “material” classification for Al and Al alloys
Code
AlAlloy1100
AlAlloy6061
AlAlloy7075
AlAlloy8001
AlAlloy8090
AlCu4TiMg
AlCuMg1
AlCuMg2
AlCuMgPb
AlCuSiMg
AlMg1
AlMg3.242
AlMg3.5754a
AlMg4.5Mn
AlMg5
AlMgSi0.5
AlMgSi0.7
AlMn1
AlMn1.2Mg1
AlNitride
AlOxide
AlSi12
AlSi12Cu

Description
Al alloy (1100)
Al alloy (6061)
Al alloy AlZnCuMg (7075)
Al alloy (8001)
Al alloy (8090)
Al alloy, AlCu4TiMg (204)
Al alloy, AlCuMg1 (2017)
Al alloy, AlCuMg2 (2024)
Al alloy, AlCuMgPb (2011)
Al alloy, AlCuSiMg (2036)
Al alloy, AlMg1 (5005)
Al alloy, AlMg3 (242)
Al alloy, AlMg3 (5754a)
Al alloy, AlMg4.5Mn (5182)
Al alloy, AlMg5 (314)
Al alloy, AlMgSi0.5 (6060)
Al alloy, AlMgSi0.7 (6005)
Al alloy, AlMn1 (3003)
Al alloy, AlMn1.2Mg1 (3004)
Aluminium Nitride
Aluminium Oxide
Al alloy, AlSi12 (230)
Al alloy, AlSi12Cu (231)
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AlSi7Mg
AlSi8Cu3
AlSiMgMn
Alumina96Percent
Aluminium99Percent
AluminiumAlloyUnspecified
AluminiumCastAlloy
AluminiumWroughtAlloy

Al alloy, AlSi7Mg (Thixo)
Al alloy, AlSi8Cu3 (380)
Al alloy, AlSiMgMn (6009)
Alumina 96%
Aluminium, Al99
Al alloy, unspecified
Al alloy, cast alloy
Al alloy, wrought alloy

If appropriate data was available, the composition of the different materials was listed on
element level. However, research within ProSUM showed that information on material and
element level for products was rare and inconsistently. It is assumed that such data is also not
available for metal products other than vehicles, EEE and BATT.
Although there are existing several statistics on the production of metals they do not include
information on alloy type level.
5.1.3 Residence time
An evaluation of the residence time of metal and metal containing products was not feasible
due to the high number of products and the difficulty of product type identification and the
high number of parts and components in the metal scrap streams described within this project.
However, studies and projects exist that deal with this in order to calculate stocks and flows of
metals (see chapter 5.1.4 on stocks).
5.1.4 In-use stocks
Regarding the in-use stocks of metals no official statistics are available but several research
projects where undertaken, e.g. (non-exhaustive list):
- The German project KartAL, which calculated stocks and flows of materials used for
infrastructure and buildings; concerning metals e.g. metal stocks and flows of transport
infrastructure (such as railway tracks), drinking water and wastewater infrastructure
(such as pipes for water supply), ICT infrastructure (such as data lines, switching
centres), and in buildings (such as heating and water supply pipe networks, wastewater
pipes, radiators). The data is included in a model to mapp the anthropogenic material
stock of Germany and to predict the generation of wastes in order to optimize the use
of secondary raw materials (Schiller et al. 2015; Hedemann et al. 2017).
- UNEP Resource Panel's reports on »Metal Stocks in Society«. From a compilation of
54 studies they concluded, that there is a reasonably detailed picture of in-use stocks
and in-use lifetimes for aluminium, copper, iron, lead, and zinc. Sparse but potentially
useful in-use stock information exists for nineteen other metals. However, there is a
little information on typical in-use lifetimes for almost the entire periodic table of the
elements. Outflows from in-use stocks could only be reliably estimated for aluminium,
copper, iron, and lead.
- Projects of different research groups, especially from Yale University (Yale School of
Forestry & Environmental Studies) and from Norwegian University of Science and
Technology (NTNU, Department of Energy and Process Engineering), dealt with the
material cycles of different metals (e.g. steel, copper, zinc, aluminium, tellurium) within
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-

-

different geographical borders (e.g. local (New Havn), national (U.S., Australia),
continental (Europe), global) and different time frames (certain years/ time series)
((Graedel 2002; Rostkowski et al. 2007; van Beers and Graedel 2007; Izard and Müller
2010; Chen and Graedel 2012; Elshkaki and Graedel 2013; Kavlak and Graedel 2013;
Pauliuk et al. 2013; Maung et al. 2017); non-exhaustive list).
Further, several Material Flow Analysis (MFA) where conducted, also including
information on alloy type level, e.g. for steel (Nakajima et al. 2013; Hatayama et al.
2014; Ohno et al. 2014; Ohno et al. 2017), and for aluminium (Rombach 2002;
Hatayama et al. 2007; Løvik et al. 2014; Modaresi et al. 2014)
MinFuture project: The project ("MinFuture: Global Material Flows and DemandSupply Forecasting for Mineral Strategies") uses the material flow analysis (MFA)
methodology to develop a methodological structure to represent the stocks and flows
of the physical economy with sufficient precision and, in particular, the
interrelationships of different types of material as well as the transformation of raw
materials into different materials and products (Petavratzi et al. 2018). On the basis of
system definitions and data (stocks and flows) in conjunction with the consideration of
uncertainties, models are derived which represent the material flows. Exemplary
investigated streams are especially Aluminum, Cobalt, Neodymium, Platinum and
Phosphorus (Cao et al. 2018).

5.1.5 Waste collected, treated and recycled
In general, scrap metals are distinguished in ferrous and non-ferrous metals. Ferrous metals
include iron and steel alloys and are often ferromagnetic. Non-ferrous metals do not contain
iron, and include among others copper, aluminium, lead, zinc, and tin.
The classification of mixed metal scrap on EU level is covered by Eurostat’s “EWC-Stat
categories” and the “List of Waste (LoW)” (Eurostat 2010). For the EU dissemination database
(http://ec.europa.eu/eurostat/web/waste/data/database) the following classification (see Table
38) is used dependent on the reporting content and differs according to time and treatment
process.
Table 38: List of EWC-Stat categories as used in Eurostat
No Item no. WStatR Code
Description
EWC_Stat categories for waste generation and treatment as of 2010
…
8
13
W061
Metal wastes, ferrous
9
14
W062
Metal wastes, non-ferrous
10 15
W063
Metal wastes, mixed ferrous and non-ferrous
…
EWC_Stat categories for waste generation from 2004 to 2008
…
7
15, 16
W06
Metallic wastes (W061+W062+W063)
…
EWC_Stat categories for waste treatment from 2004 to 2008 by treatment operation
…
> Recovery excluding energy recovery (RCV_NE)
…
2
2, 3
W06
Metallic wastes (W061+W062+W063)
…
…
Sub-totals for download of time series on waste generation from 2004 to date
…
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2
…

W06_07A

Recyclable wastes (subtotal, W06+W07 except W077)

nhaz, haz

Concerning waste generation, the amounts of the three SCRAP types can be retrieved by
country and by NACE Rev. 2 activity, e.g.:
- Manufacture of basic metals and fabricated metal products, except machinery and
equipment
- Manufacture of computer, electronic and optical products, electrical equipment, motor
vehicles and other transport equipment
- Waste collection, treatment and disposal activities; materials recovery
- Wholesale of waste and scrap
- Households
Concerning waste treatment (as of 2010), data is differentiated in:
- Total waste treatment
- Deposit onto or into land
- Land treatment and release into water bodies
- Incineration/ disposal (D10)
- Incineration/ energy recovery (R1)
- Recovery other than energy recovery – backfilling
- Recovery other than energy recovery - except backfilling
Besides for the EU 28 countries, data is available for Norway, Switzerland, Iceland,
Liechtenstein, Montenegro, Mazedonia, Albania, Serbia, Turkey, Bosnia and Herzegovina,
Kosovo. However, not all data is complete for all countries, waste types, and origin.
The European “List of Waste” classifies metal scrap under various entries depending on the
waste’s origin and hazardous elements contained. The specification varies in the level of details
such as general “metal” (LoW 02, 20) or “non-ferrous / ferrous” (LoW 16, 19). Metal alloys
are merely used for the classification of waste from construction and demolition. These alloys
are: copper/bronze/brass, aluminium, lead, zinc, iron and steel, and tin. Relevant LoW-entries
are listed in Table 39. Thus, code according to LoW are primarily origin-related, not substancerelated.
Table 39: EU List of waste (EC 2014a)
LoW code
02
02 01 10
16
16 01
16 01 17
16 01 18
17
17 04
17 04 01
17 04 02
17 04 03
17 04 04
17 04 05
17 04 06
17 04 07

Description
wastes from agriculture, horticulture, aquaculture, forestry, hunting and fishing, food
preparation and processing
waste metal
wastes not otherwise specified in the list
end-of-life vehicles from different means of transport (including off-road machinery) and wastes
from dismantling of end-of-life vehicles and vehicle maintenance (except 13, 14, 16 06 and 16 08)
ferrous metal
non-ferrous metal
construction and demolition wastes (including excavated soil from contaminated sites)
metals (including their alloys)
copper, bronze, brass
Aluminium
Lead
Zinc
iron and steel
Tin
mixed metals
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17 04 09*
19
19 10
19 10 01
19 10 02
19 12
19 12 02
19 12 03
19 12 11*
19 12 12
20
20 01
20 01 40

metal waste contaminated with hazardous substances
wastes from waste management facilities, off-site waste water treatment plants and the
preparation of water intended for human consumption and water for industrial use
wastes from shredding of metal-containing wastes
iron and steel waste
non-ferrous waste
wastes from the mechanical treatment of waste (for example sorting, crushing, compacting,
pelletising) not otherwise specified
ferrous metal
non-ferrous metal
other wastes (including mixtures of materials) from mechanical treatment of waste containing
hazardous substances
other wastes (including mixtures of materials) from mechanical treatment of wastes other than those
mentioned in 19 12 11
municipal wastes (household waste and similar commercial, industrial and institutional
wastes) including separately collected fractions
separately collected fractions (except 15 01)
Metals

However, information on level of detail of the LoW is not reported to Eurostat but available in
national statistics (e.g. for Germany published by (Destatis 2017)). Further, data on export/
imports of SCRAP can be found in statistics according to Regulation (EC) No 1013/2006
(requirements for transfrontier shipments of waste).
Further, some industry standards concerning the classification of SCRAP exist, mainly with
the aim to standardize input characteristics for recycling. One example found is the European
steel scrap specification (EFR 2007). This specification characterizes carbon steel scrap e.g. by
dimension and density. Further, residual maximum contents for Cu, Sn, Cr/Ni/Mo are defined.
In total, eleven categories are defined. But, there is no data on the amounts of the different steel
scrap categories published.
5.1.6 Relevant Projects


KartAL I, II, III and IV. Kartierung des anthropogenen Lagers.
https://www.umweltbundesamt.de/themen/abfall-ressourcen/abfallwirtschaft/urbanmining/das-anthropogene-lager#textpart-3;
https://www.umweltbundesamt.de/publikationen/kartierung-des-anthropogenen-lagers-indeutschland, https://www.umweltbundesamt.de/publikationen/kartierung-des-anthropogenenlagers-in-deutschland-0




FISSAC. Fostering Industrial Symbiosis for a Sustainable Resource Intensive Industry
across the extended Construction Value Chain. https://fissacproject.eu/de/das-projektfissac/

MinFuture. MinFuture: Global Material Flows and Demand-Supply Forecasting for
Mineral Strategies. https://minfuture.eu/.

5.2 Data Reporting procedures for mixed metal scrap
Data on generation and treatment of metal scrap is collected by Member States and reported to
Eurostat on the basis of the Regulation on waste statistics (EC) No. 2150/2002, amended by
Commission Regulation (EU) No. 849/2010. The information on waste generation is broken
down in sources (19 business activities according to the NACE classification and household
activities) and in waste categories (according to the European Waste Classification for
statistical purposes (EWC-stat categories)). The data is not reported to Eurostat on the more
detailed LoW-level. All values are measured in tonnes of waste and in kg per capita, based on
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the annual average of the population. Further, it has to be stressed out that the data is reported
and published biennial since 2004.
According to (Eurostat 2017b) the Member States are free to decide on the data collection
methods. The general options are: surveys, administrative sources, statistical estimations or
some combination of methods. Previously data on waste was collected on a voluntary basis
with the joint OECD/Eurostat questionnaire on waste. However, it was not feasible within this
project to further analyse data collection methods of the MS.
Data of industrial organizations is in general gained from their members as well as from official
statistics. However, generally there is no information on how the data was gathered in detail.
Evaluations undertaken in the frame of research projects (e.g. conducted MFAs) are based on
several information such as statistics, producer’s information, expert interview, analysed
samples of batch tests. A detailed review was not feasible within this project.

5.3 Assessment of data sources and major data gaps
With regard to the question of use, stock, and waste generation of CRMs it has to be stated that
metal and metal scrap statistics are far too less detailed to gather respective information.
Therefore, these types of data have to be assessed as “low” concerning all of the assessment
criteria (see criteria in Table 40).
However, information on production and use of metals is generally available per country
(“high” completeness and spatial coverage), but information on the final use (products) is not
available on the level of metal alloy type (“low” level of detail). Further, the transparency of
data collection methods is “low”.
Concerning waste metal scrap, the existing Eurostat database is relatively sufficient with view
to spatial coverage due to the reporting obligations of the Member States. However, since only
three metal categories are distinguished, the level of detail is very poor. Further, since no
general methods for the data collection are in place, the transparency of data collection is “low”.
An overall assessment of the available data with view to determine SRM/ CRM can be found
in Table 40. The assessment has to be interpreted as a qualitative expert judgement.
Table 40: Assessment of Metal and Metal Scrap Data

POM
Compositi
on
Residence
Time
Metal
scrap
collected
Metal
scrap
treated,
recycled,
recovered

Completeness

Interoper
ability

Internal
Consistency

Timeliness

Spatial
coverage

High
Low

Moderate
Low

Moderate
Low

High
Low

Low

Low

Low

High

High

High
2004)

(since

High
(since 2010)

High
Low

Transpare
ncy of data
collection
methods
Low
Low

Level
of
detail
of
data
reported
Low
Low

Low

Low

moderate

Low

Moderate

High

High

Low

Low

Moderate

High

High

Low

Low
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5.4 Recommendations
Although the use of metals and the arising of metal waste are highly relevant with regard to the
circularity of CRMs, this topic was not further addressed in D2.2 and will also not be addressed
in D2.3 since data availability is quite poor and inhomogeneous and a sound analysis would
mean a big effort that is not possible within the ORAMA project.
However, further research projects should deal with that issue and try to track the use and waste
generation of metals per alloy type. Likewise, as in ProSUM, the MinFuture project emphasizes
the urgent need for harmonization of classifications in order to interpret existing data correctly
and use it for modelling stocks and flows of metals and other materials.
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6 MINING WASTE
Mining waste in this study is defined as extractive waste (Table 41) according to the Directive
on the management of waste from extractive industries (Directive 2006/21/EC hereafter), that
is waste resulting from the prospecting, extraction, treatment and storage of mineral resources
and the working of quarries.
Table 41: Type of mining waste according to the Directive 2006/21/EC
Mining waste =
Extractive waste

Description

Topsoil

the upper layer of the ground

waste rock and
overburden

the material that extractive operations move during the process of accessing an ore or
mineral body, including during the pre-production development stage

Tailings

the waste solids or slurries that remain after the treatment of minerals by separation
processes (e.g. crushing, grinding, size-sorting, flotation and other physico‐chemical
techniques) to remove the valuable minerals from the less valuable rock

A site, where an extractive waste occurs, is officially defined as a waste facility (Directive
2006/21/EC). A waste facility encompasses any area designated for the accumulation or deposit
of extractive waste, whether in a solid or liquid state or in solution or suspension, for the
following time-periods:
- no time-period for Category A waste facilities (which pose particular health and
environment risks) and facilities for waste characterised as hazardous in the waste
management plan;
- a period of more than six months for facilities for hazardous waste generated
unexpectedly;
- a period of more than one year for facilities for non-hazardous non-inert waste;
- a period of more than three years for facilities for unpolluted soil, non-hazardous
prospecting waste, waste resulting from the extraction, treatment and storage of peat
and inert waste.
Waste facilities are deemed to include any dam or other structure serving to contain, retain,
confine or otherwise support such a facility, and also to include, but not be limited to, heaps
and ponds, but excluding excavation voids into which waste is replaced, after extraction of the
mineral, for rehabilitation and construction purposes.

6.1 National data sources and collection practices
In this Section ORAMA mining waste group partners from Hungary (MBFSZ), Ireland (GSI),
Norway (NGU) and Slovenia (GeoZS) provided a summary of their mining waste data sources
and collection procedures as examples. The following guidelines were developed for partners
to describe their data sources and collection practices.
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Guidelines for description of data sources:





Data source formats (computer files e.g. pdf files, excel sheets or structured databases)
and level of detail;
Accessibility of data sources: public, confidential, other (can be accessed on demand
for personal use), if possible provide web-links;
Who are the data providers (e.g. research institutes, industry associations, mining
companies, other national organisations); and
List relevant public authorities dealing with mining waste information (e.g. geological
surveys, environmental agencies, ministries).

Guidelines for description of collection practices:
 Describe mining waste information collection methods/procedures;
 Key players for data collection (which organisation);
 Define reporting systems (to whom data are reported and why); and
 Were you involved in the ProSUM project and have you provided mining waste data
harmonised with ProSUM data model.
Mining waste group partners were also asked to identify data gaps in their mining waste
datasets with emphasis on missing information that would hinder the definition of the
secondary resource potential of the mining waste. Section 6.4 addresses data gaps.
For countries other than the four mentioned above, information on national level data sources
was reviewed from:
 Assessment study (Cherrier et al. 2017) of Member States' performance regarding the
implementation of the Directive 2006/21/EC;
 ProSUM project (Rotter et al. 2016);
 SCREEN project (Ladenberger et al. 2018).
Lastly, based on the review of completed and ongoing projects related to mining waste in the
Section 6.2, a list of competent national authorities (presented in the Section 6.1.5.1) dealing
with mining waste information was compiled for countries considered in this study.
6.1.1 Hungary
In Hungary data on mining waste comes from different sources: different types of
inventories/databases, annual reports, archive reports and research papers.
At the beginning of the 1980s the systematic surveying of mining wastes in several phases, for
each county was commenced. By 1987 all major mining waste facilities were registered and
the most significant mining waste sites were sampled and investigated in detail (grain size
distribution, chemical analysis, coal combustion, physical properties). The quantities of mining
waste were registered and published annually with the mineral reserves data until 1987. The
printed reports of the mining waste surveying program are available for the public in the
Hungarian State Geologic, Geophysical and Mining Data Store.
Ministerial decree No. 14/2008 on mining wastes stipulates a reporting requirements for
changes in mining waste, therefore the former Hungarian Office for Mining and Geology (now
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Mining and Geological Survey of Hungary) started to register all data in 2009 referring to any
changes either in volume. Under this requirement, mining operators submit data on barren rock
and other mining waste (drilling mud and cuttings or humus topsoil) generated in the reference
year. The inventory waste is categorised into three groups: inert, non-inert but non-hazardous;
and hazardous. The total quantity of waste (Table 42) is reported annually by the geological
survey.
Table 42: The amount of mineral waste produced in Hungary from operating mines

In order to comply with Article 20 of Directive 2006/21/EC, the Inventory and risk
classification of closed mining waste facilities was developed by the Geological Survey (Kiss
& Jordán 2012). It contains more than a thousand records registering the name and the
coordinates of the facilities, as well as their size (area, height, volume), their raw material
contents (e.g. inert rocks, ores, bauxite residues, coal waste etc.) and their macroscopic
description. In 1027 cases the identification was based on the 1:10.000 scale topographic map
sheets, Google Earth aerial photos or fieldwork and the former inventories/databases on mining
waste sites was integrated into the database of closed mining waste facilities. The inventory is
updated regularly. Since 2015 geochemical data (from surveys prepared for environmental
purpose, red mud surveys and mining waste management plans) have also been integrated. The
basic data of the mining waste facilities are available on the Internet and can be displayed in
Google Earth format. The owner of the data is the Geological Survey and while the entire
database is not public, parts of the inventory can be accessed on demand for personal use.
Scientific organisations and research institutes deal with special issues on mining waste, as
they have site specific information. They are also data providers. For example, the research
activities at the University of Miskolc cover the research of critical raw materials of primary
and secondary resources (CriticEL project), including the utilization of landfilled fly ash and
mineral processing of mining waste, and the behaviour of the sulphidic mining waste.
In the scope of the collection of mining waste information as required by Directive 2006/21/EC
the former Hungarian Geological and Geophysical Institute has delivered the inventory of
mining waste facilities in Hungary, in a contract to the Hungarian Office of Mining and
Geology.
The first step in the implementation of the inventory was the acquisition of the necessary
archive data. This included basic spatial, environmental and demographic data as well as data
harmonization of different datasets. During the review the closed mining waste facilities, the
central coordinates and polygons of the mining waste facilities are defined, using 1:10,000
scale topographic map sheets or Google Earth aerial photos, and visiting the sites in the field.
The character of the mining waste facility (tailings or waste rock heap) is defined according to
the status of remediation, the size of the facility and the slope of the underlying topographic
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terrain. The ArcGIS spatial database contains all of the data sources used for answering the
pre-selection questions:
 100 000 scale topographic base maps used for the Water Management Atlas,
 DDM-50 digital elevation model,
 NATURA2000, nature conservation areas and natural habitats of Community
importance,
 CORINE land cover and land use map based on satellite images,
 Mining facilities (extraction and waste sites),
 Agricultural areas (cultivation of plants, animal husbandry),
 Permeability of the surface geological formations based on the lithology and
hydrogeological modelling.
The risk classification of the closed mining waste facilities had two stages. The first stage was
the preliminary risk screening, in accordance with the EU Guidance document (Stanley et al.
2011), applying the source-transportation route-receptor paradigm. During the pre-selection
procedure 463 non-inert mining waste facilities were tested, and resulted in only 10% of the
investigated facilities, which do not pose risk. At the second stage of the selection a risk-based
ranking was performed, based on the predefined set of criteria determined by Jordán (2011).
The results of selection ranking can be seen in the 4th appendix of summary report (Kiss &
Jordán 2012). A simplified risk classification (Figure 18) of the facilities was established for
the visual representation, based on their size, the topographic slope and the phase of the
remediation.
TAILINGS
Z-1
Z-2
Z-3
Z-4
UNKNOWN

RISK-BASED RANKING
Big
size,
without remediation
Small
size,
without remediation
Big
size,
remediated
Small
size,
remediated
No
data,
no rank

HEAPS
M-1
M-2
M-3
M-4
UNKNOWN

Figure 18: Simplified risk classification established for the visual representation

The results can be displayed using KMZ/KML files in Google Earth since 2012 (Figure 19).
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Figure 19: The public Google map view with three mining waste facilities (red dots)

Currently the inventory of mining waste facilities is not harmonised to the data model of
ProSUM or Minerals4EU.
6.1.2 Ireland
Information on mining waste in Ireland is considered for both closed mining operations and for
operating mines. Mining here refers to scheduled minerals (those minerals listed in the
Minerals Development Act (2017) in the Schedule to the Act). In effect, this means all metallic
and industrial minerals, but it excludes crushed rock and sand and gravel aggregates.
Closed mines
Data was collected for closed operations in order for Ireland to comply with Article 20 of the
Directive 2006/21/EC. This information is available as a comprehensive report (Historic Mine
Sites – Inventory and Risk Classification) on the Environmental Protection Agency’s website
via the following link: http://www.epa.ie/pubs/reports/land/mines/. The project was carried out
by Geological Survey Ireland (GSI) and the Environmental Protection Agency (EPA) from
2007 to 2009 and is the most comprehensive inventory of past mining activity in Ireland. All
major closed mining sites have been examined and samples from each have been analysed for
a wide range of parameters including heavy metals. Information on the website is available for
download as a series of pdf files. The files included and a description of their contents is listed
in the Table 43.
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Table 43: A list of the files and a description of their contents downloadable for closed mine sites
from http://www.epa.ie/pubs/reports/land/mines/
File
Table of contents

Description of contents
The first 11 pages of the Report with the Preface, Acknowledgements and a listing
of the Chapters, Tables, Figures and Appendices.

Executive summary

A six page summary of the entire report.

Chapter 1

Introduction: objectives; potential impacts; legislation; overview of geology and
mining in Ireland.

Chapter 2

Scoring system: selection of sites; description of the system developed to rank
closed mines in Ireland (source – pathway – receptor model).

Chapter 3

Geochemical methodology: aim and scope of geochemical investigations; solids,
waters, stream sediments and leachates analyses.

Chapter 4

Geochemical assessment: standards and guidelines; geochemical assessment
element by element; overview of main geochemical factors; overview of specific
site issues.

Chapter 5 (two files)

Summary site descriptions: summary of individual sites – 60 in total.

Chapter 6

Site scores: division of sites into five classes based on scores.

Chapter 7

Conclusions: 18 conclusions.

Chapter 8

Recommendations: 8 recommendations.

References and glossary

References and glossary of abbreviations used in the report.

Appendix 1

A detailed explanation of the scoring system developed for and used in the project.

Appendix 2

Sampling protocols.

Appendix 3

Detailed geochemical assessment – element by element in various media.

Appendix 4

A description and evaluation of the use of the field portable XRF analyser used in
the study.

Appendices 5 and 6

Appendix 5: Full site reports for all sites (separate files for each site).
Appendix 6: Excel spreadsheets of scores for each individual waste site (separate
files for each site).

Non-technical summary

A 28 page summary, in non-technical language, describing the aims, methods,
results, conclusions and recommendations of the project.

For the ORAMA project, information relating to the mining site (source in the scoring model)
is most pertinent. Mining waste is either spoils material or tailings. Spoils material is generally
waste generated within the mine and not sent to a mineral processing plant whereas tailings are
waste generated within a mineral processing plant. Within the mining industry spoil material
is placed in what the mining industry call tips or heaps while tailings are normally placed within
impoundments or behind dam walls or berms. Each individual site of mining waste is
nowadays commonly referred to as a mining waste facility. For each mining waste facility in
Ireland the following were measured, determined, observed or estimated:
1. Surface area of waste (m2)
2. Volume of waste (m3)
3. Chemical composition of solid waste (% by weight or ppm)
4. Observed discharges (Y/N)
5. Analysis of discharges, if observed (μg/l)
6. Leachate generation (μg/l)
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The detailed reports on each site provide the following information:
 Location and elements of interest
o Mine District
o Mine Name
o Alternative Names
o Elements of interest
o Project Prefix
o County
o Townland
o Grid Reference
 Geology and Mineralization
 Production and Mining History
 Site Description and Environmental Setting
 Geochemical assessment
o Surface water
o Groundwater
o Stream sediments
o Solid waste
o HMS-IRC Site Score
o Geochemical overview and conclusions
 References
All data is downloadable from the EPA website, at the following link:
http://gis.epa.ie/GetData/Download - by clicking on the “Mines Documents” link.
The only recorded smelting operation of any significance in Ireland is at Ballycorus in south
Co. Dublin where lead concentrates were smelted to recover both the lead and silver content.
Feed for the smelter came from mainly from lead veins some 25 km to the south-south-west at
Glendalough and Glendasan and a small vein nearby. Smelter production declined significantly
after 1865 and appears to have finished completely by 1914 at the latest. There is one small
smelter waste heap (slag) at the site with an estimated volume of just over 2,000 m 3 which is
now overgrown by trees and shrubs.
In addition to the inventory project, described above, GSI funded a project to analyse samples
for critical raw materials (on the 2014 list) and gold in 2016. The samples were collected from
closed and abandoned mining sites around Ireland and were already in GSI’s sample archive.
The report is available on request via GSI website https://www.gsi.ie/enie/research/funding/projects-funded/short-calls/Pages/2015-Short-Call.aspx .
Operating mines
Mines working scheduled minerals require an Integrated Pollution Control (IPC) Licence. As
part of the conditions of the Licence the operator must submit an annual report to the EPA –
the Annual Environmental Report. This report covers such matters as Management of the
activity; Monitoring; and Financial aspects. As an example, the following is a typical Table of
Contents of such a report:

Management of the activity
o
Environmental Management System
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o
Environmental Complaints / Incidents
o
Compliance with IEL Conditions
o
Energy Efficiency / Resource Usage
Monitoring information
o
Pollutant Release and Transfer Register
o
Emissions to Atmosphere
o
Emissions to Water
o
Waste Management

Disposal/Recovery of Waste on-site

Waste Disposal in the Tailings Storage Facility

Disposal / Recovery of Hazardous and Other Waste off-site

Waste Disposal in the Landfill Area

Ambient Air Monitoring

Noise Monitoring Summary Report

Vibration Summary Report

Monitoring of Tailings Management Facility
Financial provision and environmental liabilities
o
Financial Provision for Mine Closure Plan
o
Environmental Liabilities
License Specific Reports Information (here the licensee would provide
specific information requested by the EPA)
License Specific Reports Information (here the licensee would provide
specific information requested by the EPA)

Under the heading ‘Waste disposal in the Tailings Storage Facility’ information on the amount
of tailings, either in terms of tonnage (tonnes) or volume (m3) or both are provided. This may
be either on an annual or monthly basis for the year being reported.
The report is made available on the EPA website under their Licence or Permit Document
Search facility on the landing page of their website (https://www.epa.ie).
Statistical information is then collated and submitted to Eurostat every two years. The Central
Statistics Office (CSO) takes the lead on compiling this dataset, with assistance from the EPA.
The tables submitted by individual countries are then amalgamated and made available on their
website (http://ec.europa.eu/eurostat/web/environment/waste/database). The figures on the
Eurostat website are reported in tonnes.
Public authorities having an interest in mining waste
1. Environmental Protection Agency.
2. Exploration and Mining Division of the Department of Communications, Climate Action and
Environment.
3. Geological Survey Ireland.
4. The Local Authority in whose functional area the waste facility resides (Local Council).
5. Central Statistics Office.
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Geological Survey Ireland was a third party participant in the ProSUM project and provided
data on historic mine sites to the project in the formats requested by the project. These were
incorporated into the ProSUM Urban Mine Knowledge Data Platform.
6.1.3 Norway
Overview of data sources in Norway is presented in the Table 44. Norway does not have a
comprehensive and georeferenced national inventory of abandoned mines and mining waste
sites. Closed and abandoned mining sites have not been surveyed systematically in national
field campaigns, and there is no up-to-date standardized national overview compiled from
existing literature and documents. Any information on mining wastes, their age, volume and
composition is fragmented and, if documented, results from regional surveys or site-specific
investigations, or from monitoring of environmental parameters. For metal extraction, waste
volumes have been estimated from site surveys and added to the NGU databases; 137 waste
sites exceeding 1000 m3 have been reported to ProSUM, but very little compositional data
exist.
The current status of mining waste disposal monitoring has been documented in the publication
by Skei et al. (2010). Other publications related to waste sites include: Astri Jæger Sweetman
and Iversen (2013); as well as the following three earlier publications: Steinar (1925); Segalstad
et al. (1952); and Poulsen (1964).
The Norwegian Directorate of Mining (DMF) is the national licensing authority for mining
and has the public mandate to annually collect and report information on ongoing operations.
DMF’s online map shows all registered sites including type and activity status but without
further information https://minit.dirmin.no/kart/#. In recent years DIRMIN has started to
systematically collect information on annual mining waste production quantities from all
operating producers. Data are reported via an online portal for every producer and extraction
site. However, this information is not publicly available on a per-site level, and volume and
composition of historical operations are not covered systematically. This also means that
figures for aggregated waste production from individual mines are either unavailable or
confidential.
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Table 44: Overview of data sources in Norway
Data source

Data description

Format

Level of detail

Accessibility

Link

Geological
Survey
of
Norway (NGU)

Geochemical
measurements,
maps, tables, drill cores,
samples, photographs

Database,
PDF, paper
reports,
internal files

High;
fragmented
coverage; site
specific

Public, mostly
online,
additional
on
request

NGU

Directorate of
Mining
(DIRMIN)

Maps,
reports,
numbers,
little
abandoned mines

PDF,
database,
paper
reports

Moderate;
mainly current
activity;
site
specific

Confidential, no
public
information on
what is being
surveyed

DMF|

Norwegian
Environment
Agency

Informative Inventory Report
(IIR) 2018. Norway – Air
Pollutant Emissions 1990-2016

PDF

Low,
only
national
statistics,
not
site-specific

Public, online

IIR 2018

Statistics
Norway (SSB)

(1) Historical annual production
numbers, employees and sales
turnover; not georeferenced, no
information on mining waste.
(2) Annual material accounting,
no information on mining waste

PDF

(1) full national
coverage, sitespecific

Public, online

SSB

production
data
on

(2) aggregated,
not site-specific

Historical statistics
Material accounts

The Geological Survey of Norway (NGU) is one of the key organizations to collect
information on historical mining, and NGU has conducted extensive regional surveys of
contaminated ground, which include georeferenced samples with geochemical measurements.
Many of NGU’s historical reports, and all new reports, are accessible online through NGU’s
literature database or index search. NGU’s maps of registered mineral resources
http://geo.ngu.no/kart/mineralressurser_mobil/ (metals, industrial minerals and natural stone)
and http://geo.ngu.no/kart/grus_pukk_mobil/ (aggregates and rock dumps) include many
abandoned mines and mining waste sites with additional data. NGU was involved in ProSUM
and the available data are harmonized for automatic harvesting.
The Norwegian Environment Agency (Miljodirektoratet) is collecting annual emission data
from municipal solid waste disposal sites and landfills. Norway has ratified the Directive of
the European Parliament and of the Council on the management of waste from the extractive
industries and implemented it into Norwegian law (Kapittel 17. Håndtering av mineralavfall
fra
mineralindustrien,
https://lovdata.no/dokument/SF/forskrift/2004-06-01930/KAPITTEL_19#KAPITTEL_19). The Norwegian Environment Agency is publishing its
data online http://www.miljostatus.no/sok/?query=deponi#menu and has a map with an
inventory of contaminated soil https://grunnforurensning.miljodirektoratet.no/. If available,
data include estimates of spatial coverage and contamination type, as well as maps with
information
on
water
courses
affected
by
mining
waste
tailings
http://www.miljostatus.no/kart/, and an inventory of all extractive operations with registered
emissions
to
the
environment
http://www.norskeutslipp.no/no/Listesider/Virksomheter/?SectorID=300.
The National Statistical Office SSB has some statistical information on mining activity,
https://www.ssb.no/a/histstat/publikasjoner/histemne-07.html#P2129_54721, but no inventory
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of mining sites. SSB’s statistical data is obtained mainly from other government authorities
and does not include georeferenced per site information.
6.1.4 Slovenia
Closed and abandoned mining waste
In Slovenia mining waste data have been collected and reported as comprehensive datasets as
part of the implementation of Directive 2006/21/EC in the national judicial rules (Official
Gazette RS, no. 43/08 in 30/11). In order to fulfil the requirements of article 20 (Directive
2006/21/EC), the Ministry of the Environment of Republic of Slovenia requested the
Geological Survey of Slovenia (GeoZS) to create an Inventory of closed waste facilities from
mining and other extractive activities in Slovenia, which could have a negative impact on
human health and the environment (Gosar et al. 2014). The data are accessible in national
Slovenian language in 4 reports.
The first report includes data about important closed and abandoned mines (33 metal, 44 coal
and 52 (4 underground and 48 surface) non-metallic mineral resources), which produced
mining waste in the past. Each mine is described by the following information, if available:
name, location, geographic coordinates, type of ore / coal / rock minerals mined, status (closed,
abandoned, or restored), the amount of excavated commodities (metals / coal / minerals) and
references. For all mine types, except surface mines of non-metallic minerals, additional
information is included, if available: stratigraphy, lithology, history, geology, technical
description, hydrogeological data, engineering data, potential, prospects and relevant
references. Lastly, specific information is included for the individual type of the mine, such as
the amount of extracted metal (tons), the shape, size and genetic type of ore deposit for metal
mines; the largest annual production of coal for coal mines; size and genetic type of mineral
deposit for underground mines of non-metallic mineral resources; and distance from the
settlements and description of rocks for surface mines of non-metallic mineral resources.
The second report includes data about closed and abandoned mining waste deposits (156 from
metal mines, 17 from coal mines and none from non-metallic mineral resource mines) related
to the mines described in the first report. Each deposit is described by the following
information, if available: identification of waste (ID code), name, ore district, location,
geographic coordinates, valuable minerals, area (m2), volume (m3), type of waste, rock
composition, pollutants, additional remarks, restoration status and references.
The third report (Gosar et al. 2014) includes additional data about the environmental impact
for 61 mining waste deposits, which were in the scope of the Directive 2006/21/EC
implementation tasks recognised as deposits, which could in middle or short term become a
serious threat to the environment or human health. Information on environmental impact
includes geomechanical (stability) and geochemical assessment (aqua regia concentrations of
53 elements, chemical and mineralogical composition of metal-bearing particles) of the
materials from the surrounding environment (stream sediments). Geochemical characterisation
for the eight largest mining waste deposits is also included with additional data on water leach
metal concentrations in composite mining waste material samples measured according to EN
12457-4:2002.
The fourth report (Gosar et al. 2017) includes data related to the first monitoring period of the
mining waste with potential environmental impact, which were recognised in the third report.
The Ministry of the Environment is the owner of the reports and GeoZS is authorised to
disseminate the data to the public.
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The first and the second report are available to the public on demand and with permission of
the Ministry of the Environment, while the third and the fourth report can be freely accessed
by the public on the Slovenian Environment Agency website.
All mining waste data from closed and abandoned mine sites are stored in a database, which
is maintained by the Geological survey. Also a Google Earth Application was developed to
enable the spatial representation of the data; however the application is not available to the
public.
The collection of closed and abandoned mining waste data was carried out in different phases
(Bavec et al. 2017) and the results are provided in the reports described in the beginning of this
Section. The collection was mostly based on desktop research and acquisition of the archive
data. Large amounts of information were extracted from national mine and geological survey
archive reports as well as different research studies related to mining sites. Some field work
was also carried out, for example to define exact locations of some known mining waste
deposits.
During the first phase, a list of important closed and abandoned mines of metal, coal and nonmetallic mineral resources was established. Following this a methodology was applied to
determine, which mines from the list (assuming that all sites included related mine waste in the
vicinity of the mining site) could have a negative impact on human health and environment.
Three criteria were used: (1) chemical and physical state of the source, (2) proximity to
transportation routes and (3) pollutant receptors. These criteria were arranged in a hierarchical
order and were specifically adapted to each type of the mine. As a result, a shorter list of 16
metal mines, 7 coal mines and 15 surface mines of non-metallic mineral resources were
recognised as sources of mining waste with potential for negative impact and were further
considered in the second phase of the work.
During the second phase, information from closed and abandoned deposits was gathered from
archives and field work, and risk-based rankings were performed in accordance with the EU
guidance document guidelines (Stanley et al. 2011). The methodology enabled a selection of
waste deposits, which needed further special attention to assess potential environment and
human health threats in the third phase.
During the third phase additional data on environmental impact were collected during
geochemical and geo mechanical investigations (Gosar et al. 2014). To investigate pollution,
systematic sampling and analysis of stream or river sediments was carried out downstream of
the waste deposit. In addition eight composite mine waste material samples from eight largest
mining wastes were collected. Afterwards aqua regia extractable concentrations were
determined by ICP-MS and individual particles were investigated with scanning electron
microscopy coupled with energy dispersive spectroscopy (SEM/EDS) in order to determine
chemical and mineralogical composition of stream sediment metal-bearing particles. To
estimate the geomechanical stability of the waste deposits, the slope of the deposit was
measured, the possibility of presence of groundwater was assessed and stability of wastebearing ground was estimated. In addition, topography and the vicinity of watercourses were
checked as well as construction sites, buildings, mining operations, and all other factors that
are related to the location and could significantly contribute to the risk posed by the structure.
Information on closed and abandoned mining waste facilities is reported to the Ministry of the
Environment as required by Directive 2006/21/EC in the form of pdf reports (Inventory and
monitoring of closed and abandoned mine waste facilities every three years). Information on
selected mining waste deposits was also harmonised with respect to ProSUM mining waste
data model and provided to the common database established within the ProSUM project.
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Mining waste from operating mines
Mining activities in Slovenia are under the jurisdiction of the Ministry of Infrastructure (MZI),
Energy Directorate. In a role of a Mining Public Service GeoZS acts as government advisor
and supports the ministry responsible for mining in the areas of mineral policy and sustainable
mineral resource management at a national level. GeoZS prepares information of balanced
mineral resources management and disseminates information and recommendations to the
national and local government level. A short review of mineral sector is published every year
in the “Bulletin Mineral Resources in Slovenia” (in national and English language).
In Slovenia the mineral resources are divided into energy, metals, non-metals (industrial
minerals and rocks, minerals for construction materials, construction minerals – aggregates)
and other. All metallic mines have been closed in the last century. Therefore Slovenia has no
metal extraction. Consequently no hydrometallurgical tailings or any other type of tailings,
which are produced during metal extraction, are being produced. Coal production is going on
in Velenje lignite underground mine (cca. 4 Mt/year), while all the other coal mines have been
closed. During coal extraction no tailings are being produced. Total coal production is used in
the thermal power plant.
Currently there are about 200 open pits with mining rights in Slovenia. Predominant mineral
resources being exploited in Slovenia are aggregates (crushed stone, gravel and sand).
Subordinately industrial rocks (i.e. clay, natural stone, quartz sand, chert, etc.) are being
exploited. Mining right holders are officially obligated by law to report to the Ministry annually
the amount of the extracted minerals for the previous year. Annually 12-14 Mt of non-metal
mineral resources (including aggregates) are being produced. During processing (grinding and
crushing of raw materials for construction and beneficiation of quartz sand and chert) a certain
amount of processed raw material remains (topsoil, overburden and tailings) (Table 45), which
represent about 10 % of the whole production. All remains are classified as either inert or nonhazardous. Topsoil is mostly used for restoration or is sometimes sold as humus. Overburden
and tailings are used for remediation of open pits after the end of exploitation.
Table 45: Type of mining waste in Slovenia from typical operating mines in Slovenia and their
classification (Modified after Burger and Šolar 2007)
Mineral resource

Waste type

Calcite
Resource for cement
industry
Bentonite
Tuff

Topsoil, tailings
Topsoil, overburden,
tailings
Topsoil, overburden
Topsoil, overburden
Topsoil, overburden,
tailings
Topsoil, overburden,
tailings,
flotation
tailings
Topsoil, overburden,
tailings
Topsoil, overburden,
tailings

Chert
Quart sand
Ceramic clay
Brick clay

Waste
classification
Non-dangerous

Non-dangerous
Non-dangerous

Temporarily deposited
Reclamation of abandoned quarry
surfaces, sale, further production
No data
No data

Non-dangerous

Gravel pit remediation

Inert

Remediation of agricultural land,
Reclamation of abandoned quarry
surfaces, further production

Non-dangerous

Land remediation

Non-dangerous

Land remediation
Reclamation of
surfaces
Reclamation of
surfaces, sale

Inert

Natural stone

Topsoil, tailings

Non-dangerous/
inert

Crushed
stone
(magmatic
and
methamorphic rocks)

Topsoil,
tailings

Inert

overburden,

Use of waste
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Crushed
(limestone)

stone

Crushed
(dolomite)

stone

Gravel and sand

Topsoil,
tailings

overburden,

Topsoil,
tailings

overburden,

Topsoil, tailings

Reclamation of
surfaces , sale

abandoned

quarry

Non-dangerous

Reclamation of
surfaces, sale

abandoned

quarry

Non-dangerous
Inert

Gravel pit remediation

6.1.5 Other EU countries
To a large extent national data related to mining waste are available in the form of Inventories
of closed and abandoned extractive waste facilities, as required by article 20 of the Directive
2006/21/EC. The national inventories were supposed to be made public by all Member States
by 1 May 2012 and afterwards periodically updated (every three years).
One of the important sources of information on closed and abandoned waste is the report from
Cherrier et al. (2017), in which, among other information, web links of Inventories from
Member States are provided. The links are also available at the official website of the EC at
http://ec.europa.eu/environment/waste/mining/implementation.htm. All the reported closed
and abandoned facilities (over 3,400 from 18 national inventories) from Member States were
also compiled by the EC into a harmonised excel sheet file dataset, containing information
about the Member State, Facility name/code, location, Type and Resource (when the mine was
active).
In the context of the ORAMA project the inventory links were inspected and basic information
(data form, language and data provider) extracted, which is summarised in the Table 46. In
summary Member States inventories are available as full pdf reports in English for United
Kingdom, Scotland, Ireland and Hungary and in the national language for Belgium, France,
Slovenia, Estoniaand Greece. Inventories are available in table form in national language for
Romania, Slovakia, Portugal and Finland and as a web page in national language for Bulgaria,
Cyprus, Czech Republic and Italy. Austria has a 1 page pdf in their national language
(according to Cherrier at al. (2017), Austria inventory is available offline).
Table 46: Data sources of Inventory reports of closed and abandoned mine waste facilities
Country

Inventory

Belgium
(Wallon)

http://geoportail.wallonie.be/catal
ogue/63a32b78-6260-4646-87058b1e9e3392c5.html
http://eea.government.bg/bg/nsmo
s/soil/opis-na-zakritisaorazheniya-za-minni-otpadatsi
http://www.moa.gov.cy/moa/envir
onment/environmentnew.nsf/All/3
FC88CAC22E5817AC225814C0
03CF79C?OpenDocument
(http://www.geology.cz/extranet/s
gs/ulozna-mista-tezebnihoodpadu/registr-rizikovychuloznych-mist
http://www.envir.ee/sites/default/f
iles/suletud_jaatmehoidlate_inven
t_i_etapp_2011.pdf;
http://www.envir.ee/sites/default/f

Bulgaria

Cyprus

Czech
Republic

Estonia

Data
form
pdf

Language

Data provider

national

web page

national

web page

national

Geoportal of Wallonia, The
Walloon
Geographical
Information Website
Ministry of the Environment
and
Water,
Executive
Environment Agency
Ministry of Agriculture, Rural
Development and Environment,
Department of Environment

web page

national,
English

Czech Geological Survey

pdf

national

Ministry of the Environment
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Finland

France

Greece

Hungary

Ireland

iles/suletud_jaatmehoidlate_inven
t_ii_etapp_2012.pdf;
http://www.envir.ee/sites/default/f
iles/kaevandamisjaatmediietappar
uandelisad_2011.pdf
http://www.ymparisto.fi/downloa
d/noname/%7B338BC4F5-62BF4C76-A755A6F1CB06E2E0%7D/44798
http://www.ym.fi/fiFI/Ajankohtaista/Julkaisut/YMra2
42013_Suljettujen_ja_hylattyjen_
kai(25033)
https://www.ecologiquesolidaire.gouv.fr/sites/default/files
/2017%2003%2017%20Tableau_
Mise_en_ligne%20Inventaire%20
DDIE%20pour%20site%20intern
et.pdf
http://www.ypeka.gr/LinkClick.as
px?fileticket=L%2bY%2fWnsXH
kY%3d&tabid=824&language=el
-GR
http://www.mbfh.hu/home/html/i
ndex.asp?msid=1&sid=0&hkl=53
7&lng=2
http://www.epa.ie/pubs/reports/la
nd/mines/.

pdf

national

pdf

national

Ministry of the Environment

Ministry of Ecological and
Solidarity Transition

pdf

national

Ministry of Environment and
Energy

pdf

national/
English

Hungarion Office for Mining
and Geology

Web
page and
pdf
web
page, pdf

English

Environmental
Agency

national

Higher Institute for the
Protection and Environmental
Research
The Directorate General for
Energy and Geology
Ministry of Economy

Protection

Italy

http://www.isprambiente.gov.it/it/
banche-dati/strutture-di-depositodi-tipo-a

Portugal

http://www.dgeg.gov.pt/?cr=1301
4
http://www.minind.ro/resurse_mi
nerale/Inventar_Iazuri_de_Decant
are_iulie_2012.pdf
http://www.minind.ro/resurse_mi
nerale/Inventar_halde_iulie_2012.
pdf.
http://charon.sazp.sk/Odpady_tp/
Ulozisko.aspx

excel

national

pdf

national

web
page, pdf

national

Information portal of the
Ministry of the Environment

http://www.arso.gov.si/varstvo%2
0okolja/odpadki/poro%C4%8Dila
%20in%20publikacije/PORO%C
4%8CILO%203%20FAZE_2102
2014.pdf
http://www.minetad.gob.es/energi
a/mineria/Mineria/Paginas/Mineri
a.aspx
https://www.gov.uk/government/u
ploads/system/uploads/attachment
_data/file/288582/LIT_6797_7d3
90c.pdf
http://www.renfrewshire.gov.uk/
media/1528/ScottishGovernment---Inventory-ofClosed-Mining-Waste-Facilities--

pdf

national

Slovenian Environment Agency

excel

national

Ministry of Energy, Tourism
and the Digital Agenda

pdf

English

Environment Agency

pdf

English

Renfrewshire Council

Romania

Slovakia
Slovenia

Spain

UK
England

UK
Scotland
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UK
Northern
Ireland

-January2015/pdf/Inventory_of_Closed_M
ining_Waste_Facilities.pdf
https://www.planningni.gov.uk/in
dex/advice/advice_apply/advice_s
pecial_studies/inventory_pdf.pdf

pdf

English

Planning Portal

National sources related to mining waste information (location, amount, grade and critical raw
materials in wastes from mineral excavation, mineral processing waste and metal production
waste) were also inspected in the ProSUM project based on a questionnaire (Rotter et al. 2016).
The main sources identified were the National Geological Surveys (NGS), which participated
in the project as data providers, and organisations they cooperate with (i.e. National
environmental protection agencies, Ministry of Mining, Natural resources, Industry or
equivalent). Thirteen participating NGS had information on the location of mines and mineral
processing plants. The amount of waste generated from mining and mineral processing was
known by some but all surveys had partial information in the sense that they could get the
information or they could make estimates. Some surveys had very little information on the
metal grade of the waste but some had partial data. For critical raw materials most surveys lack
this information with a few exceptions. The questionnaire also contained a question on waste
from metal production (smelters and blast furnaces). It turned out that very few of the surveys
were in possession of this information though some surveys had at least partial information on
location, amount and grade of the generated waste from the metal production. Another
questionnaire based survey of NGS was performed by Ladenberger et al. (2018) in SCRREEN
project WP3 that aimed to identify and quantify CRM resources in primary and secondary
sources (including MIN). NGS were surveyed to capture the general overview of the
knowledge about CRM with the main focus on CRM from mineral-based waste. Eighteen NGS
participated in the survey, which revealed that only a few have relatively good insight into their
CRM market situation (from mining to recycling) and that the status of knowledge about
national CRM varies from good (Finland, Austria) to rather poor (Portugal). This includes the
existing or non-existing policies and authorities responsible for gathering of such information
(majority of the NGS are not responsible for collecting and storing of information about CRM
in both mineral-based and non-mineral waste). Information about CRM in mineral-based waste
is as well not collected systematically but rather occasionally, and often as a result of “personal
interest”.
6.1.5.1 Relevant public authorities
Based on the review of data sources in Sections 6.1 and 6.2, competent authorities dealing
with mining waste information were extracted and are summarised in the Table 47 up to date
links.
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Table 47: Relevant public authorities dealing with mining waste information
Country (Region)

Relevant public authorities dealing with mining waste information

Albania

a,d

Austria

a,d

Ministry of Infrastructure and Energy

Federal Ministry of Sustainability and Tourism
Federal Ministry of Science, Research, and
Economy
a,d
Public Flemish Waste Company (OVAM)
b
Service public de Wallonie, Walloon Environment Portal
a
Directorate of Agriculture, Natural Resources and Environment
a,d
Service géologique de Wallonie
b
Ministry of Energy
a,d
Ministry of Environment and Water, Executive Environemnt Agency
b

Belgium (Flanders)
Belgium (Wallon)

Bulgaria

Croatia

b

Cyprus

a,b,d

Czech Republic

d

Ministry of Environment and Nature Protection;
Entrepreneurship and Crafts (MINGO)

d

Ministry of Economy,

Mine Service, Ministry of Agriculture, Natural Resources and Environment

The State Mining Administration, Czech Republic
Czech geological survey (SGS), Ministry of the Environment (MoE)

a,b,d

Denmark
Estonia
Finland

France
Germany

a,b,d

Danish Nature Agency
Ministry of the Environment
a,d
Ministry of employment and the economy, Finnish Safety and Chemicals Agency
(TUKES)
,b
Joint website of Finland’s environmental administration (owned by Ministry of the
Environment
Finnish Environment Institute SYKE
Economic, Transport and Environment Center ELY Center
Regional Administrative Agency AVI
b
Ministry of EcologIcal and Solidarity Transition
d
Federal Ministry for Economic Affairs and Energy, Federal Institute for Geosciences
and Natural Resources
bFederation/Länder Working Group on Waste (LAGA)
a,b,d

Germany
(Bavaria)
Germany (North
RhineWestphalia)
Greece
Hungary

c

Ireland

a,d

The Bergamt Südbayern

d

Bezirksregierung Arnsberg

a,b
a,b

a,b

Italy

a,d
a,b

Latvia
Lithuania

Ministry of Environment, Energy and Climate Change
Mining and Geological survey of Hungary
Department of Communications, Climate Action & Environment
Environmental Protection Agency
Ministry of Economic Development - DGS-UNMIG
National Institute of Environmental Protection (ISPRA)

a,b,d

Ministry of Environmental Protection and Regional Development, State
Environmental Service
a,b,d
a,b,d

Ministry of Environment
Geological survey of Lithuania
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Luxembourg

b

Malta

a,b

Netherlands

d

Department of the Environment of the Ministry of Sustainable Development and
Infrastructures, the Administration of the Environment and the Administration of Nature
and Forests of the Grand Duchy of Luxembourg
Malta Environment and Planning Authority

State Supervision of Mines, Ministry of Economic Affairs
Rijkswaterstaat Environment, Ministry of Infrastructure and Water Managment

b

d

Poland

Ministry of Trade and Industry, The Directorate of Mining
Geological survey of Norway
d
Norwegian Environment Agency
c
Higher Mining Office (WUG)
b
Ministry of the environment
a,d
Chief Inspectorate of Environmental Protection, Polish Geological Institute National
Research Institute

Portugal

a,b,d

Romania

a

Norway

d

Direção Geral de Energia e Geologia (DGEG)

National Agency for Mineral Resources
Ministry of energy
a
Ministry of Environment, Water and Forests
b

Slovakia

b

Ministry of eEnvironment, a,dState Mining Administration
Slovak Environment Agency (EEA)

a,d

Slovenia

a,d

Ministry of Infrastructure
Ministry of the Environment and Spatial Planning, Slovenian Environment Agency
a
Geological survey of Slovenia
a,b,d
Spanish Ministry of Industry, Energy and Tourism
a,b,d

Spain
Sweden

a,c

Ministry of Enterprise, energy and communications
Swedish Environmental Protection Agency
a
Environment Agency
a,b

United Kingdom
(England)
United Kingdom
(Wales)
United Kingdom
(Scotland)
United Kingdom
(Northern Ireland)
a

a,d

Natural Resources Wales

a,d

Scottish Environment Protection Agency

a,d
a

Assembly Planning Portal
NI Department of Environment, Minerals Unit

Minventory, bCherrier et al. 2017, bRotter et al. 2016, dWeb

6.2 Inventory of EU data sources
Using web research and personal communication with various colleagues working on different
projects related to primary and secondary resources, a review of completed and ongoing
projects as well as Directive 2006/21/EC and related studies (Table 48) was carried out to
assess European level data sources related to mining waste information. Rather than giving full
descriptive summaries of the projects/studies, accessible information related to mining waste
relevant for the ORAMA project, was extracted. For full description of projects, the links to
the official websites are provided.
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Table 48: EU data sources of mining waste information relevant to ORAMA project scope
Project/ Study

Full title

Description of relevant accessible data

Directive
2006/21/EC

Directive 2006/21/EC of the
European Parliament and of the
Council of 15 March 2006 on
the management of waste from
extractive
industries
and
amending
Directive
2004/35/EC

The directive is the first EU directive that exclusively
covers the management of waste resulting directly
from the prospecting, extraction, treatment and
storage of mineral resources and the working of
quarries or in short ‘extractive waste’.

In the studies by Ecologic Institute 2012;
BiPRO/Oakdene Hollins 2016; Cherierr et al. 2017 the
Directive 2006/21/EC and its implementation is
addressed including Member States reporting
practices.

European
Commision
studies
on
extractive waste
ProMine
2012)

(2009-

Nano particle products from
new mineral resources in
Europe.

Anthropogenic database related to the mining and
metallurgical industries (mine waste and unprocessed
products, ore processing waste and treatment waste).

Minventory
(2013-2014)

Minerals Intelligence Network
for Europe

Documentation about mine authorities, relevant
authorities for operational extractive waste facilities as
well as for closed/abandoned extractive waste
facilities, which were addressed by Member States in
the framework of the Directive 2006/21/EC.

Minerals4EU
(2013-2015)

Statistical Information on EU
Raw Materials Deposits

A data infrastructure (data models and related code
lists) for collection and storage of harmonised
information about primary and secondary resources
related to mining.
A Foresight Study (Wittmer and Sievers 2013)
entitled Secondary Raw Materials (Including Mine
Wastes).

EuRare
(2013-2017)

Research and development for
the Rare Earth Element supply
chain in Europe

Review paper of the secondary potential of red mud,
in which two case studies of bauxite deposits and
related red muds (1 from Turkey and 1 from Greece)
are included.

MSP-REFRAM
(2015-2016)

Multi-Stakeholder Platform for
a Secure Supply of Refractory
Metals in Europe

Mapping of secondary resources (mine tailings and
industrial waste) containing tungsten, tantalum,
molybdenum, niobium and rhenium resources in the
EU (mine tailings, industrial waste). Lists of sites were
established for each considered metal and information
regarding the type of waste, company name, location,
grade of metal, reserves, mineralogy and
characterization have been collated.

ProSUM
(2015-2017)

Prospecting Secondary raw
materials in the Urban mine and
Mining wastes

Developments for mining waste features within data
infrastructure (data models and related code lists),
which were established in the Minerals4EU project; a
common framework for the collection and storage of
mining waste information (Heijboer et al. 2016).
A questionnaire based survey of national sources
related to mining waste information (location, amount,
grade and critical raw materials) of waste from
mineral excavation, mineral processing waste and
metal production waste (Rotter et al. 2016).

SmartGround
(2015-2018)

SMART data collection and
inteGRation
platform
to
enhance
availability
and
accessibility of data and

General assessment of extractive waste information.
Smartground platform as a key information point for
waste materials and sites in Europe (including mining
waste facilities).
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infOrmation in the EU territory
on SecoNDary Raw Materials

Within the project’s an in-depth geochemical
characterisation of the extractive waste facilities of a
Ni+Cu (±Co± PGE) mining site from Italy was carried
out (Rosetti et al. 2017). The study includes a valuable
methodology for the assessment of secondary
potential. In summary, 41 samples of waste rock and
12 from operating residues were collected and treated
in the laboratory, chemical contents of secondary
potential elements were determined and mineralogical
and petrographic characterisation was carried. All the
information was interpreted and secondary potential
was asessed.

EURELCO
(2015-ongoing)

European Enhanced Landfill
Mining Consortium

The EURELCO network (European Enhanced
Landfill Mining Consortium) addresses technological,
legal, social, economic, environmental and
organisational innovation to facilitate Enhanced
Landfill Mining. It considers the ‘mining’ of landfill
sites in the context of the transition to a resource
efficient, circular, low-carbon economy.

COST ACTION
MINEA
(2015-ongoing)

Mining
the
Anthroposphere

European

The project focuses on integrated assessment of
primary and secondary resource potentials. As one of
the main outputs it will incorporate specifications for
anthropogenic resources into the United Nations
Framework Classification for Resources (UNFC).
This will be applicable to mining waste (mining
residues/non-sales quantities).

SCRREEN
(2016-ongoing)

Solutions for CRitical Raw
materials - a European Expert
Network

A report containing identification and quantification
of secondary CRM resources in Europe. Within the
report relevant projects were reviewed related to CRM
in mining wastes, data gaps were outlined and future
needs were recommended.
A questionnaire based survey of national sources
related to mining waste information (location, amount,
grade and critical raw materials) of waste from
mineral excavation, mineral processing waste and
metal production waste (Rotter et al. 2016).

RE-ACTIVATE

Developing superior technical
infrastructure throughout EIT
RawMaterials community to
foster
technologies
and
methodologies for re-activation
of former mine sites

The project objective is to establish a community
(NoI) which brings together all expertise, experience
and capabilities which are needed to re-activate
former mining sites, including mining waste facilities,
in a sustainable way by using the best available
technologies. The NoI will be the single point of
contact for any relevant expertise in the particular
fields. This network will be interesting for future
research on potential sites.

MINFUTURE
(2016-ongoing)

Global material flows and
demand-supply forecasting for
mineral strategies

A Methodology development workshop was carried
out with the aim to discuss how data on material cycles
are generated, refined and aggregated to useful
information (Allesch et al. 2017). One session was
dedicated to the topic Mineral data collection by
Geological surveys and was focused on data from
primary resources, but discussion key points are
applicable also to MIN information, since geological
surveys are the organisations that manage mining
waste information.

RESEERVE
(2018 – ongoing)

Mineral potential of the ESEE
region

One of the project’s main tasks will be mapping of the
mineral resources of the West Balkan countries
(Croatia, Bosnia and Herzegovina, Serbia,
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Montenegro, FYR Macedonia and Albania) in order to
create a West Balkan Mineral Register for primary and
secondary
mineral
resources
(mining
and
metallurgical waste). New MIN datasets as well as
data providers from SEE regions will be recognised.
The RESEERVE project will also initiate the
integrating process of the involved ESEE partners into
the INSPIRE-compliant “Pan-European Minerals
Intelligence Network by disseminating the knowledge
and know-how of the previous and ongoing EU
projects (EuroGeoSource, Minerals4EU, ProSUM,
MICA and ORAMA), which have been aiming
towards a creation of a common EU Knowledge Data
Platform for mineral resources. Linking mineral
information from ESEE countries into pan-European
Mineral Intelligence Network is a higher goal
(continuation of activities after project’s lifetime) and
would mean a significant contribution to the
sustainable mineral supply in Europe.

Mintell4EU

Mineral Intelligence for Europe

(2018 – ongoing)

The overall aim of the project is to improve the
European Knowledge Base on raw materials by
updating the electronic Minerals Yearbook produced
in the Minerals4EU project and to extend the spatial
coverage and quality of data currently in the Minerals
Inventory. Data harmonisation, collection and
reporting prectices in the project are similar as in
ProSUM.

6.3 Data collection methods for MIN
European data collection methods of deposit level mining waste information, which have been
applied within the scope of Directive 2006/21/EC, and in the ProMine, ProSUM and
SmartGround projects were reviewed and are described in this Section.
6.3.1 Directive 2006/21/EC
One approach for mining waste information collection within the EU was the implementation
of the Directive 2006/21/EC, which aims to establish a comprehensive inventory of mining
waste with regard to the environmental impact. In the scope of the Directive 2006/21/EC
information about mining waste facilities collected may be of two types according to their
potential environmental risks: waste facilities whose failure or incorrect operation would
present a significant accident hazard (category A facilities) and all other waste facilities
(category B facilities). Furthermore mining waste facilities can be separated into facilities from
operating mines or closed and abandoned mines. Information about mining waste facilities is
collected within the reporting framework of the Directive 2006/21/EC. Reporting is designed
in such a way that Member States are obligated to prepare reports on the state of
implementation of the Directive’s requirements on a basis of a questionnaire at intervals of
three years. The questionnaire is described in detail in the 2009/358/EC (ANNEX III).
Actually, two separate questionnaires were established, first (PART A in ANNEX III) for the
first reporting period and second (PART B in ANNEX III) for further reporting periods (on a
triennial basis). Pursuant to Article 20 of Directive 2006/21/EC on the management of waste
from extractive industries, Member States were required to draw up and periodically update an
inventory of closed waste facilities on their territory (including abandoned facilities), which
cause serious negative environmental impacts or have the potential of becoming in the medium
or short term a threat to human health or the environment (European Commission). As
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described in the chapter 6.1, Inventories include deposit level data relevant to the ORAMA
project, therefore the reported information in the scope Article 20 of Directive 2006/21/EC is
interesting to the ORAMA project and was assessed in the Section 6.4.1.
6.3.2 The ProMine project
The ProMine project (Cassard et al. 2015) established the first pan-European GIS-based
database, containing also information about secondary resources- anthropogenic
concentrations related to the mining and metallurgical industries (mining wastes and
unprocessed products, ore processing waste and treatment waste). The project focused on the
largest anthropogenic concentrations and on those of greatest interest in terms of
volume/tonnage and content (i.e. possible presence of critical commodities). The aim was to
have an inventory, as complete as possible, of concentrations which could be processed for the
recovery of strategic/high-tech/critical commodities and avoid overlap between the ProMine
project and the work done by the Member States under the Directive 2006/21/EC. A significant
advance in terms of the number and quality of the records compiled for secondary mineral
resources was accomplished within the project. The foundation of an INSPIRE compliant
infrastructure for data collection, storage and sharing has been laid. In relation to the latter with
the use of real data improvements to the EarthResourceML standard and the INSPIRE rules to
describe mineral resources were reached, in terms of Data model and Code-lists and Portrayal
rules. In the paper by Cassard et al. (2015) the following information related to data providers
could be found. The ProMine databases to be fully compliant with INSPIRE and the distributed
architecture principles, the data should have been managed and delivered by each data provider.
Not all the data providers were ProMine partners, so restricting data collection to ProMine
partners would not have produced full European coverage. The information reported in the
scope of the ProMine project was assessed in the Section 6.4.2.
6.3.3 The ProSUM project
The ProSUM project consortium continued the development of an INSPIRE aligned data
infrastructure, which builds on work and experiences from earlier projects like ProMine and
EuroGeoSource and extends the database model used in the Minerals4EU and EURare projects
(Cassard et al. 2016, 2017; Heijboer et al. 2016). As a result, a common framework for
collection, storage and sharing of harmonised information related to mining waste was created
(Figure 20). Mining waste data in the ProSUM project were gathered from participating
national geological surveys with the focus on locations of the related mines and mineral
processing plants, types of processes that produced the waste, waste types, amount and
composition (Huisman et al. 2017).
The collection/reporting framework flow is the same as in the Minerals4EU project (Cassard
et al. 2014). It is based on a hierarchic approach, consisting of the following separate
parts/tasks: (1) Harmonised National Database (HNDB), (2) Central Harvesting Database
(CHDB), (3) Central Diffusion Database (CDDB) and (4) Mineral Knowledge Data Platform
(EU-MKDP).
The data collection process is initiated at the competent data provider organisation. Data
provider experts must harmonise national mining waste information with the use of cookbooks,
software and scripts, which are found on SVN-server at GEUS (http://data.geus.dk/svn/m4eu/),
and establish a HNDB. HNDB must be afterwards connected to the CHDB (hosted by GeoZS)
through INSPIRE compliant Web Feature Services (WFS). Once connected, CHDB receives
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data from the HNDB on a monthly basis by requesting data from the data providers with the
use of a harvesting system. During harvesting the quality of data and their format are checked.
Successfully harvested data are delivered to the CDDB (hosted by BRGM), which is connected
to CHDB using SQL scripts. CDDB provides the EU-MKDP/EU-UMKDP portals with spatial
data. The system architecture (procedures and cookbook evolution, web services maintenance,
harvesting procedure itself, diffusion system etc.) is being maintained by the above cited
organisations (BRGM, GEUS, GeoZS) also after the end of the projects (Minerals4EU,
ProSUM) as in-kind contribution. In this way the portals are updated periodically and provide
to the end user the latest freely accessible harmonised spatial information, originating from the
competent data provider.

Figure 20: Infographic illustrating the system for collection, storage and sharing of information
related to mining waste, which was established within ProSUM and Minerals4EU projects

The ProSUM mining waste datamodel is extended and slightly modified Minerals4EU data
model with new additional code list values merged into existing code lists, and some additional
code list tables and presents a core component for collection and storage of harmonised deposit
level mining waste information. An in-depth description of the extended model and its logic is
available in the report by Heijboer et al. (2016). In summary mining waste data model starts
with an INSPIRE core feature MiningFeatureOccurence, which enables the spatial
representation of a mining feature (in this case mining waste location). The core feature must
be filled in order to establish a separate spatially defined site of interest and to relate all other
features containing information about mining waste (Table 49). A very important fact is that
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features are associated with each other and usually a fulfilment of individual feature table is a
condition, which allows a fulfilment of another feature table. Furthermore, tables include
mandatory fields marked with a star (*), which also have to be filled in order to enable
harvesting of the data into a database. Mandatory field can be filled only with the codes from
the code list developed by Minerals4EU and ProSUM consortium and it is important that the
transcription of the codes is exact, because only in this way the data can be successfully
collected.
Table 49: List of mining waste information, which can be stored within the extended ProSUM
mining waste data model (summarised after Heijboer et al. (2016))
Mining
information

waste

Description of information

Feature Table

1

Type

The type of mining waste

ProSUMMiningWaste

2

Storage

The storage type of the waste e.g. surface
storage, tailings pond, waste dump, covered
storage, etc.

ProSUMWasteStorage

3

Environmental
impact

Terms indicating the environmental impact of
the mining waste.

ProSUMEnvironmentalImpact

4

Measure

The values describing mining waste in terms of
amount and composition.

ProSUMMiningWasteMeasure

4a

Dimension

The values indicating the area, volume or
density of mining waste.

ProSUMWasteDimension

4b

Commodity

The values indicating the type of the
commodity (aggregates, metals, etc.) as well as
description of the commodity in terms of
geochemistry and weight.

ProSUMWasteCommodityMeasure

With respect to the level of detail, basic information about mining waste that can be collected
with regard to the ProSUM MIN classification template (Table 42) include the spatial
occurrence, type, storage, environmental impact and measure (amount and composition) of
mining waste. Moreover the data model design enables the relation of mining waste
information to the information about the mine or a processing plant and their related features
and activities, during which the mining waste has been produced.
6.3.4 The SmartGround project
The SmartGround project created a single EU database - Smartground platform - for storing
and sharing of harmonised information about secondary raw materials from waste landfills
including extractive waste (EW), municipal solid waste (MSW), commercial and industrial
waste as well as construction and demolition waste (CDW). The platform is publicly accessible
through a web portal with the aim to provide a reliable and transparent source of harmonised
and validated information on SRM estimates from anthropogenic deposits available across
Europe and facilitate the search of SRM-related information (Dino et al. 2016; 2017). The
platfom offers a repository that stores full datasets published and curated by the user
community with a crowd-sourcing approach and facilitates the visualisation and assessment of
the information (ATOS et al. 2018).
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The main achievement of the SG platform is the design of a data model to store the relevant
information of waste sites which allows to register, search and access relevant information
(materials, processing activities, samples, etc.) for the waste materials community (waste
operators, public administrations, voluntary activists) at European scale. This complex data can
be screened out by the platform using a range of search filters that will suit needs of different
stakeholders (Dino et al. 2017). The information about the extractive waste facilities in the
platform is organised within a following classification template: There are four separate
Sections (Site detail, Mine dumps, Mine samples and Predictions. In the Section Site detail
information about the Waste facility (address, waste facility type, operation period, status,
waste type, average thickness, area, volume, tonnage, analysis availability, environmental
impact, rehabilitation, source of analysis, images, notes), Related mine (mine last operator, last
mine exploitation period, mine status, mining activity, processing activity, deposit type, main
commodity, relevant elements, ore mineralogy, host rock, studies), Operator details (operator
name, postal address, mail, contact person, telephone number, description) and Associated files
can be reported. In the Section Mine dumps information about the dump ID, bulk density,
tonnage volume, last waste type and ore mineralogy can be reported. In the Section Mine
samples the information about code, technique and geochemistry (in ppm, wt %, etc.) can be
reported. In the Section Predictions geochemistry (in kg) can be reported.
Datasets were collected from pilot studies, designed within the project, as well as from previous
published studies by project partners or other projects (Dino et al. 2017). With respect to
extractive waste, which is of particular importance for the ORAMA project, 6 EW facilities
(Table 50) were investigated as pilot sites, for which information was collected following a
pre-designed Data Collection Plan with the aim to characterise SRM within the deposits in
detail (Dino et al. 2017, Valjus et al. 2017).
Table 50: Extractive waste pilot sites in Smartground project (after Dino et al. 2017 and Valjus
et al. 2017)
Name and location
Montorfano
mining
area, NW Italy
Gorno mining area,
northern Italy
Campello Monti mining
area, NW Italy
Aijala Mining area,
Finland
Rudabánya,
Hungary
Pátka,
Hungary

Site Status

Pilot site description

Active

Feldspar production from granite waste facilities exploitation

Closed

EW facility characterized by a high content in metals as Zn, Pb
and possible CRM as Ge, Te, In, Cd etc.
EW facility characterized by a high content in Ni, Cu, Co and
possible CRM as PGE
EW facilities in Southwest Finland. Tailings from mining
containing Cu, Zn, S, Ag, Au

Closed
Closed
Closed
Closed

EW facilities containing tailings from sulphides exploitation
EW facilities containing tailings of fluorite dressing plant

Dino et al. (2017) also stressed out that the collection of the information is key for the adoption
of the platform and that it is not possible to implement a data harvesting system that
automatically collects information from other public national platforms given the
heterogeneous models, concepts, and languages of each database. Instead, the collection of data
relies mainly in the engagement of different actors that will upload the information into the
platform. When the platform moves in the future to operational phase the authenticity of data
will have to be reviewed.
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prosumwastestorage

SmartGround platform

prosumwastedimension

prosumwastecommoditymeasure

prosumminingwastemeasure

prosumminingwaste

prosumminingactivitytype

prosumminingactivity

prosumenvironemntalimpact

miningwaste (Minerals4EU Table)

Central Harvesting Database (GeoZS)

ProSUM portal
Mining waste related features

Minerals4EU portal
Mining waste related features

ProMINE portal
Anthropogenic concentrations

Mining Waste Directive
Inventory of closed and abandoned
mine waste facilities

For platform users a pdf user manual as well as youtube videos are available on the project
website, where also detailed information is available in the project deliverables.

no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no

6
10.07.2018
2018 ongoing
no
no
no
no
no
no
no
no
no
no
yes
no
no
no
no
yes
no
no
no
no
no
no
no
no
no
no
no
no

no
no

no
no

Data source
Date of data source review

5
1
2
3
4
06.04.2018
22.02.2018 27.03.2018 29.03.2018 29.03.2018
2015 2018 Reporting period
Harvesting performed on a monthly basis
2011-2017
2013
ongoing ongoing
AT
Austria
no
yes
no
no
no no no no no no no no no
BE
Belgium
yes
no
no
no
no no no no no no no no no
BG
Bulgaria
yes
yes
no
no
no no no no no no no no no
CY
Cyprus
yes
no
no
no
no no no no no no no no no
CZ
Czech Republic
yes
yes
no
no
yes yes no yes no yes yes yes yes
DE
Germany
no
yes
no
no
no no no no no no no no no
DK
Denmark
no
yes
no
no
yes yes no no yes no no no no
EE
Estonia
yes
yes
no
no
no no no no no no no no no
EL
Greece
yes
yes
no
no
no no no no no no no no no
ES
Spain
yes
yes
no
no
no no no no no no no no no
FIN
Finland
yes
yes
no
no
no no no no no no no no no
FR
France
yes
yes
no
no
no no no no no no no no no
HR
Croatia
no
no
no
no
yes yes no yes no yes no no no
HU
Hungary
yes
no
no
no
no no no no no no no no no
IE
Ireland
yes
yes
no
no
no no no no no no no no no
IT
Italy
yes
no
no
no
no no no no no no no no no
LT
Lithuania
no
no
no
no
no no no no no no no no no
LV
Latvia
no
no
no
no
no no no no no no no no no
MT
Malta
no
no
no
no
no no no no no no no no no
NL
Netherlands
no
no
no
no
no no no no no no no no no
PL
Poland
no
yes
no
no
no no no no no no no no no
PT
Portugal
yes
yes
no
no
no no no no no no no no no
RO
Romania
yes
yes
no
no
no no no no no no no no no
LU
Luxembourg
no
no
no
no
no no no no no no no no no
SK
Slovakia
yes
yes
no
no
no no no no no no no no no
SI
Slovenia
yes
no
no
no
yes no no yes no yes no no no
SE
Sweden
yes
yes
no
no
no no no no no no no no no
UK
United Kingdom
yes
yes
no
no
no no no no no no no no no

CH
Switzerland
no
no
no
no
no no no no
NO
Norway
no
yes
no
no
yes no no no
1 = European Commision http://ec.europa.eu/environment/waste/mining/implementation.htm
2 = ProMine portal http://ptrarc.gtk.fi/ProMine/default.aspx
3 = Minerals4EU portal http://minerals4eu.brgm-rec.fr/
4 = ProSUM portal http://prosum.brgm-rec.fr/
5 = Geological Survey of Slovenia
6 = Smartground platform http://smartground.atosresearch.eu/home

no no no
no yes yes

no no
no yes

Figure 21: Overview of accessibility of mining waste information from EU data sources

6.4 Assessment of data sources and identification of data gaps
Data sources, which have been assessed in detail are summarised in the Figure 21. Spatial
coverage of EU data sources is presented in terms for which countries mining waste related
information can be accessed at the data source. The reported data were assessed taking into
account the assessment criteria (completeness, interoperability, internal consistency,
timeliness, spatial coverage, transparency of data collection methods; level of detail of data
reported). However, in the course of the review of data sources, it became clear that the
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available data will allow assessment only for some of the criteria. Therefore all assessment
criteria are not fully covered for each individual collection practice assessed.
6.4.1 Directive 2006/21/EC
To this date two reporting periods (2009-2012 and 2012-2014) have been accomplished and
the reported information, which was provided by Member States, was already assessed in detail
by EC studies (Ecologic Institute 2012; BiPRO/Oakdene Hollins 2016; Cherierr et al. 2017).
The assessment of reported data in the form of Inventories of closed and abandoned mine
waste facilities was reviewed and is summarised below.
With respect to collection of information related with the Inventory of closed and abandoned
sites, the spatial coverage is according to Cherierr et al. (2017) following: out of 28 EU
Member States, 7 (Croatia, Denmark, Lithuania, Latvia, Luxembourg, the Netherlands and
Malta) did not establish inventory due to the absence of closed and abandoned sites in their
territories. Of the remaining 21 Member States, 17 (Austria, Cyprus, Czech Republic, Estonia,
Greece, Spain, Finland, France, Hungary, Ireland, Italy, Portugal, Romania, Sweden, Slovenia,
Slovakia and United Kingdom) had inventories available online and for one (PL) (Poland)
country the inventory was supposedly online, but was not available at the time due to website
renovation. It was not possible to confirm for three Member States (Germany, Bulgaria, and
Belgium) whether they have an inventory, since it also did not appear on-line.
With respect to the level of detail, Cherierr et al. (2017) examined reported data from 18
Member States and found out that 3,462 closed and abandoned extractive waste facilities (52
% are heaps, 2 % are dams, 3 % are ponds, 1 % are other and for 42 % the type of facility was
not included in the inventory) have been registered at national level by competent authorities.
1,027 out of the 3,462 facilities (30%) were from mines extracting metallic minerals. The rest
that could be allocated were 3% non-metallic minerals, 2% fuels, 2% coal, 1% precious metals,
5% combinations. All the reported closed and abandoned facilities (over 3,400 from 18 national
inventories) from Member States were in addition compiled by EC into an excel sheet file,
which information about the Member State, Facility name/code, Location, Type and Resource
(when the mine was active). Therefore moderate level of detail of mining waste (with
environmental impact) data is currently accessible for Member States at EU level. Some
information about the level of detail of information included in the Inventories was also
described by some countries in the Minventory project (Parker et al. 2015):
 Belgium (Wallonia) reported waste facilities are characterised regarding location, type,
size, waste characterisation, mineral sources and other data;
 Bulgaria reported facilities are characterised in terms of location, type of facility, size,
waste characterisation, waste source and other down to facility level;
 Finland reported waste facilities are defined by location, type of facility, size and waste
characterisation and waste source; and
 Portugal reported facilities are defined by type of facility, size and waste source (type
of mineral) at the site level.
In addition level of detail of data found in Inventories of Hungary, Ireland and Slovenia is
presented in the Section 6.1.
The review of the Directive 2006/21/EC implementation assessment studies (Ecologic Institute
2012; BiPRO/Oakdene Hollins 2016; Cherierr et al. 2017) indicated that the completeness of
the reported data varies for Member States due to the inconsistency of application of the criteria
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for classification of waste facilities as Category A within Member States collection
frameworks.
With respect to the timeliness, according to Cherierr et al. (2017), it was not possible to identify
whether Inventories are updated periodically, however the date when they were last updated
was available in most cases and ranged between 2011 and 2017.
In general, for the Directive 2006/21/EC reporting system, Hölvényi (2017) acknowledged
weaknesses of the reporting system and some of them are following:
 the current triennial reporting system does not allow the full picture of practical
implementation at EU level due to deficiencies in the data collection tool
(questionnaire),
 there is no database on extractive waste facilities at EU level and such could not be
created following the current reporting mechanism of the Directive 2006/21/EC, which
makes the monitoring of facilities, and, hence, the assessment of practical
implementation of the directive difficult,
 the data collected at national level still lacks being collected at EU level.
With respect to the above information, especially the fact that there is a lack of official
guidelines for classification of A facilities, it can be assumed that Member States reported data
about closed and abandoned mining waste facilities still lacks internal consistency and
interoperability.
Closed and abandoned mining waste information collected within the frame of the Directive
2006/21/EC in the form of Inventories was in addition analysed in the scope of the Minventory
project (Parker et al. 2015) and data gaps as well as bridging actions related to the usefulness
of the mining waste data in terms of secondary resource potential were stressed and outlined
(Table 51). However it was suggested that issues should not be immediately and
indiscriminately addressed, because the nature and quantity of mining waste resources is not
well defined. Rather some bridging actions were suggested to permit better sight of available
data and enable some judgements on the value of putting in place more detailed and harmonised
protocols for MW.
Table 51: Issues identified for mining waste data through the analysis of mining waste inventories
of closed and abandoned waste facilities (Parker et al. 2015)
Topic
I. Policy, legislation
and regulation

II. Data quality and
comparability

III. Data
infrastructure,
provision and
accessibility

Issues/Gaps
1. National mining waste legislation
for
non-EU Member States

Comment
Lack of legislation on mining waste in
non-EU member stats

2. Legal requirement to provide
resources/reserves data

Lack of reporting requirements in non
EU Member States

1. Required use of a system of
reporting

No standard reporting
for
inventories
leads
comparability of inventories

2. Availability and appropriateness of
international standards

No international standards currently in
Use

1. Availability of data

Inventories could not be found for all
countries
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2. Public access to data

Only inventories are available to the
public,
other
information
regarding
resources is not publicly available

3. Multilingual format of data

Data mostly only available in country’s
language

Bridging actions
Bridge 1

Establish terminology for mining waste

Bridge 2

Create operating mine waste facility directory

Bridge 3

Harness MWD for operating mine waste reporting

Bridge 4

Standardise operating mine waste inventory reporting

Bridge 5

Create a closed mine waste facility directory

Bridge 6

Create a closed mine historic archive directory

Bridge 7

Identify high interest closed mine waste deposits

6.4.2 The ProMINE project
With respect to spatial coverage, out of 30 countries, which have been acknowledged in this
study, 18 countries were covered within the ProMine project. The spatial representation of the
antropogenic concentrations related to the mining and metallurgical industries can be viewed
in the ProMine portal.
With respect to the level of detail it is assumed that the extent of the data that was collected
within the project, is as described by following classification template (Cassard et al. 2015);
each site was described in about 35 fields distributed in 6 folders: (1) General information,
including status, owner, location and the list of processes that have been implemented on the
site; from this folder a link with the mineral deposit database can be created, allowing
identification of the deposit(s) that fed the site; (2) Information on waste and products including
the type of storage, the type of waste, the mineralogy, estimation of volume/tonnage, the type
of commodity available and the grade, with automatic calculation of the potential per
commodity, at site scale and the type of environmental impact; (3) The environmental aspects,
with per environmental impact, the type of environmental pathways and receptors, the type of
water treatment and the description of the type of restoration used; (4) General comments on
environmental issues, plant infrastructure (free text); (5) Iconography with illustrations
(photographs, schemas, maps, etc.) related to the site and (6) Bibliography with references. The
total number of records in the anthropogenic concentration database is 3408. However in the
ProMine portal the level of data, which are accessible to the user are spatial occurrence and
type of commodity. In addition an excel file entitled deposit_AllComoditiesBis can be
downloaded from the portal, where some additional data can be found mostly related to primary
deposits that were gathered for Mineral deposit database, which was also established within
the project. In the mentioned excel sheet mining waste information was found for 7 deposits
(some information on deposits was extracted from the excel sheet and is listed in the Table 52.
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Table 52: Example of mining waste information accessible in the ProMine portal downloadable
XLS
Country

Longitude

Latitude

Deposit type

Main
commodit
y

All
other
commodities

32.89528

35.09083

Mine tailings
and stockpiles

Cu

Ag, Au, Fe, Py,
Zn

12.2

50.8667

Mine tailings
and stockpiles

U

Cu, Mo

13.35

50.9167

Industrial
waste (slags,
bottom ash)

Ag

As, Au, Bi, Cd,
Cu, Ge, In, Pb,
Py, Sn, Tl, U, Zn

12.23056

50.45417

Mine tailings
and stockpiles

U

W

27.71

59.32

Industrial
waste (slags,
bottom ash)

Bitum

Ni,V

UNITED
KINGDOM
(U.K. of G.B. and
Northern
Ireland)

-2.08333

54.4

Mine tailings
and stockpiles

Pb

Brt, Fl

ROMANIA

23.335

47.665

Mine tailings
and stockpiles

Au

/

CYPRUS
(Republic
Cyprus)
GERMANY
(Federal
Republic
Germany)
GERMANY
(Federal
Republic
Germany)
GERMANY
(Federal
Republic
Germany)
ESTONIA
(Republic
Estonia)

of

of

of

of

of

With respect to completeness, according to Cassard et al. (2015), it was recognised that
different countries have a significant variability in the number of mining waste records and
data completeness. The variable number of records was explained as probably due to the fact
that certain countries have already (at least partly) synthesized information related to their
waste for national programmes or completed international projects. The variable completeness
of the data was accounted for by a lack of information, restricted access to information and by
the availability of information dealing only with specific aspects. A common problem was the
definition of the size of waste (surface occupied, volume or tonnage) and the grade of the
contained commodities.
With respect to interoperability and internal consistency, based on the information provided
by Cassard et al. (2015), both are estimated as relatively good, because the data were collected
using a pre-scribed structured dataset design. Therefore data have been gathered in an
unofficially harmonized way from various countries and are comparable with each other. And
since the datasets are as well INSPIRE aligned, the gathered data can be shared easily in
different portals and systems within EU.
6.4.3 The ProSUM project
During the assessment in this study, in the Minerals4EU Knowledge Data Platform - EUMKDP or European Urban Mined Knowledge Data Platform - EU-UMKDP portals no spatial
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data have been found yet. Therefore, a request was sent to the Geological survey of Slovenia
harvesting team to check and report, what is the status of the reported records related to mining
waste information in the harvesting database. In addition, ProSUM mining waste group
coordinator as well as GeoZS harvesting team were interviewed with intention to recognise
possible data gaps in the ProSUM collection framework.
With respect to the spatial coverage, the results of the latest harvesting (6.04.2018) showed,
that there are 23 countries (SK, ES, GR, UA, SE, PL, NL, SI, AT, DK, FI, HU, UK, FR, NO,
CZ, IE, PT, BE, HR, CY, RO, and CH) which were up to date connected with the central
harvesting database in the frame of the Minerals4EU (as providers of primary resources) or
ProSUM (as providers of secondary resources) projects. The number of records in the mining
waste feature tables developed within the projects were examined and it was found out that to
date 06.04.2018 records existed in the database for 5 countries (Czech, Croatia, Denmark,
Norway and Slovenia) (Table 53).
Table 53: M4EU & ProSUM harvesting results (06.04.2018)
Country
SI
DK
NO
CZ
HR
records records records records records
# Table name
0
1
0
10
46
miningwaste*
0
0
0
10
46
wastestorage*
0
0
0
0
0
prosumenvironmentalimpact
19
3
0
10
46
prosumminingactivity
0
0
0
0
0
prosumminingactivitytype
19
0
137
10
46
prosumminingwaste
0
0
137
10
0
prosumminingwastemeasure
0
0
14
0
prosumwastecommoditymeasure 0
0
0
137
8
0
prosumwastedimension
0
0
0
0
0
prosumwastestorage
*Mining waste features tables developed already within Minerals4EU project

In addition the results showed that errors occur during harvesting of the national databases of
sixteen countries, which disrupt the process of harvesting and consequently not all data is
successfully collected into the common database. Errors in the procedures are being recognised
and resolved and the discussion between the harvesting organisation and data providers is
ongoing as in-kind contribution. Therefore it is expected that in the near future information on
mining waste from other countries, at least those involved in the ProSUM project, will be
available. A fact is that mining waste information is harvested together with the information
about the primary resources established within Minerals4EU and is feed to the EU-MKDP.
Several ProSUM data providers were already involved in the Minerals4EU project, during
which they established harmonised national primary resources databases and the collection was
successful – the data were harvested and delivered to the common database and spatial data
can be found at EU-MKDP portal. In theory there could be technical errors either in the
extended mining waste data model and its harvesting system or in the established harmonised
national databases. In practice, since data for some countries were successfully harvested, at
least for some mining features, it can be assumed that the collection flow is operational, but
some technical errors occur, which prevent other countries, to successfully provide data to the
common database.
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Based on the review of the records of mining waste information for 5 countries accessible in
the harvesting database, the completeness of the reported information was moderate to low
with respect to the level of detail of information that can be stored in the ProSUM database
model. The most detailed information was provided by Czezch, followed by Norway, Croatia,
Slovenia and Denmark. This is due to the fact that there is a lack of information already within
the national databases.
Internal consistency and interoperability in the EU-MKDP reporting system are considered
high, since the same rules apply to all data providers and if the rules and datasets are not
prepared exactly as the model instructs the data flow into the system fails.
With respect to timeliness, mining waste data collection was initiated during the ProSUM
project, which ended in 2018. Since the beginning of collection the data harvesting is
performed monthly and sent to the CDHB, which feeds the portal with spatial info. Therefore
the portals are updated periodically and provide to the user the latest accessible information
directly from the data provider. Some data gaps were recognised during the ProSUM project
(Rotter et al. 2016) and are summarized in the Table 54.
Table 54: Data gaps recognised in the ProSUM project
Data gaps

Alternative sources of information

Lack of data on the
amount of MIN

Mining waste information collected in the scope of the Directive 2006/21/EC.
Amount could be estimated from volume and density information (possibility of
estimating volume with computer-aided terrain model calculations and density from
geological composition).
Amount could be estimated from knowledge of type of ore and amount of processed
ore.
Field work, sampling and analysis

Lack of data on the
composition of MIN

The use of statistical approach (Metal Wheel)
Field work, sampling and analysis

In this study some additional issues related to spatial coverage and level of detail of data/
completeness were recognised.
Spatial coverage issues are of different nature. First is the fact that certain technical errors
occurred in the collection process of mining waste information during the ProSUM project,
which are still in the process of being resolved by the organisations (BRGM, GEUS, GeoZS,
GTK), who are responsible for the infrastructure database maintenance. Another issue is related
to the recognition and engagement of data providers. EGS members were recognized as data
providers during the ProSUM project. It has to be emphasized that EGS were involved as a
third party within the project, therefore financial and consequently staff resources at data
provider organizations (national geological surveys) were very limited. Moreover
harmonization of mining waste data information according to ProSUM data model is rather
complexed compared to the information that is actually available in the databases of the data
providers and demands knowledge of different expertise (mineral/mining experts and database
manager experts). Consequently, it is assumed that the interest and responsiveness of individual
surveys varied greatly, resulting in limited amount of data available in the common database
after the end of the project. Furthermore EU-MKDP system of mining waste data reporting is
not official and therefore the engagement of data providers is on a voluntary basis or in the
frame of EU projects dedicated to collection of such information for the needs of the EC.
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Issues of the data completeness are related to the lack of data in the data providers’ databases,
which has already been recognized by the ProSUM project consortium and has also been
stressed out by the mining waste group members (Table 55) in this study. Based on the records
from countries, which provided data to the common database until the 06.04.2018, mostly
spatial representation and the type of the waste deposits was provided, while the information
about the mining waste measure (volume and chemical content), which is among most
important for secondary potential prospecting, are scarce. Consequently, the completeness of
mining waste information is not fully accomplished.
Table 55: Examples of data gaps in national databases
Hungary (MBFSZ)
The inventory of mining waste facilities contains geochemical information from different data sources
(environmental assessments, mineral potential surveys etc.) and they reflect different sampling and analytical
conditions, thus most of the data is indicative only but not suitable for mineral prospecting. There is no
guidance or a protocol prescribed on sampling mining waste.
Norway (NGU)
Data on size of waste heaps have been estimated and collected by the geological survey, and they are included
in the national databases. However, the data collection is not comprehensive and the current dataset does not
cover all resource types or every existing pit, quarry or mine. 137 metal mining waste sites in excess of 1000
m3 were reported to ProSUM in 2017, but without any compositional data. Identifying mining waste with
potential for special or critical metal content is important and planned, but very little data on waste
characterization currently exist.
Ireland (GSI)
While the studies reported for Ireland in the Section 6.1 have provided an accurate position of the location of
mining waste facilities (whether engineered or not) throughout the country, accurate information for the
volume and composition of the mining waste is not as comprehensive. The volume estimates are ‘order of
magnitude’ approximations made from good estimates of the areal extent of the deposits but less accurate
estimates on the thickness and thickness variability of the facility. The composition of the waste piles was
determined using a field portable XRF spectrometer supported by laboratory analyses. For the case of quarries
(both crushed rock and sand and gravel pits) there is little information. Typically however, quarries produce
limited quantities of waste which often are not placed into a waste facility. In addition, products from quarries
have to meet certain specification for use in the construction sector and it would be a very unusual situation if
they contained substances that could otherwise be worked for a profit. Therefore they are most likely to be
inert waste or small volume.
Slovenia (GEOZS)
Most deposit level data in the database of closed and abandoned mining waste was collected from mine and
geological survey archive reports. Data about volume, size, type of mining waste and commodities were mostly
available in the archive reports, while no data on chemical composition existed. In addition in terms of size
and commodities, very few closed and abandoned waste facilities are interesting to be exploited as a secondary
resource potential and may be of two types: old mixed mining waste (tailings, low-grade ore and waste rock)
or waste rock. Older mixed mining waste could still be enriched with base commodities. Waste rock sometimes
mixed with slags, have potential to be reused for construction purposes (aggregates, etc.). However there is a
lack of geochemical characterisation of these deposits.

6.4.4 The SmartGround project
The data presently found in the SmartGround platform were assessed.
With regard to spatial coverage, MIN data for 3 countries are available in the platform.
Extractive waste information is available for Finland (1 site) and Italy (675 sites), which were
inserted in the scope of the Smartground project. Due to a large number of datasets from Italy
the first 9 deposits (CAMPELLO MONTI, MONTE ARERA, GORNO_2, MONTORFANO,
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MANIGLIA, SAN VITTORE, AURIOL, FORNELLO DI TRAVERSELLLA &
TRAVERSELLA) that appeared on the list after a search query, based on the selected criteria
mining site and country, were checked. For the first four deposits level of detail of information
found information was high (spatial occurrence, type, volume, tonnage, operation period,
geochemical composition, availability of analysis, sampling technique, estimated predictions
of element contents and many other). For the rest 5 sites the level of detail was moderate (in
general spatial occurrence and type). For FI deposit (Aijala) level of detail is high.

Figure 22: Example of data found in the SmartGround platform: CAMPELLO MONTI extractive
industry facility (source: SmartGround platform)

The data level of detail of deposit level information that can be stored in the platform is high.
Case study demonstration of data sharing, for example CAMPELLO MONTI extractive
industry facility (Figure 1), has been provided to the platform in the scope of the project after
site investigation. With respect to CAMPELLO MONTI site detailed MIN properties can be
accessed, such as spatial occurrence, type, volume, tonnage, operation period, geochemical
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composition, availability of analysis, sampling technique, estimated predictions of element
contents and many other (see platform for all data accessible). It appears only data about
environmental impact are not accessible, however environmental impact has been studied for
CAMPELLO MONTI during the project and is presented in the deliverable by Ajmone Marsan
et al. (2017).
Internal consistency and interoperability in the SmartGround reporting system are considered
medium to high. For the development of the Smart Ground data model several activities and
projects were evaluated, primarily the INSPIRE Data Specification on Mineral Resources
(INSPIRE, 2013) and the project Minerals4EU. Best practices such as table structure, naming
conventions and the greater possible number of tables and code lists (dictionaries with
predefined values) were reused to facilitate interoperability and mapping between data of the
related platforms (Dino et al. 2017)
Data gaps are related to spatial coverage, which is very much dependent on the newness of the
platform, which has been designed through pilot case studies and is now in a need to be
promoted in order to attract data providers. Data gaps are also related to level of detail, which
are, as already stressed out by ProSUM project consortium and ORAMA mining waste tasks
D2.1, most probably a consequence of a lack of information already within the datasets
conducted by data providers.
From a data provider’s point of view the platform is user friendly and in addition open-source
based. Anyone can register and become a data provider.
Summary of data gaps
Based on the analysis of existing data from the EU reporting systems (Directive 2006/21/EC,
ProMINE, ProSUM & Smartground) following major data gaps were recognised:



Lack of deposit level data (majority of existing datasets contain basic deposit information, such
as spatial occurrence, commodity or type, while important detailed information, such as
chemical content or volume is missing)
Poor spatial coverage (datasets for most countries are available in ProMINE (n = 18) and EC
extractive wwaste Inventories (n = 18), followed by ProSUM (n = 4) and SmartGround (n = 3).

In addition the implementation of multiple harmonisation, collection and reporting
approaches (ProMINE, ProSUM and SmartGround) for collection and sharing of existing MIN
datasets with respect to secondary potetnial at EU level makes the use and comparison of shared
data very complex.
Based on the above information it can be concluded that in general from EU point of view the
data availability on interesting MIN deposits is still scarce and the quality of existing datasets
is moderate to poor. In this study the quality of existing dataset is defined by the level of detail
of data reported. Good quality means the dataset includes information about spatial occurrence,
type, storage, amount, composition (chemical content) and environmental impact that can be
reported into a present MIN data model of the ProSUM platform. Moderate quality means the
dataset includes information about spatial occurrence, type and resource (the commodity of the
primary ore). Poor quality means the dataset only includes information about spatial
occurrence, no further classification is available.
Good quality datasets include minimum of basic information needed to estimate secondary
potential from MIN and decide, if the MIN is interesting for exploitation or not.
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Therefore, there are following major barriers to the use of harmonised national MIN datasets
to make pan-European secondary resource estimates from MIN:




poor level of detail of MIN information in existing harmonised datasets,
lack of MIN datasets for some EU countries (of those discussed in this project),
lack of a single harmonisation, collection and reporting approach.

It can be concluded that the quality of existing information needs to be improved.

6.5 Recommendations
6.5.1 Existing and general recommendations
Taking into account the previous work (inventory of data sources, data availability, assessment
of collection practices and identification of data gaps) and in order to formulate strategies for
further work, relevant recommendations from the completed projects ProSUM (Downes et al.
2017), SCRREEN (Ladenberger et al. 2018), COST MINEA (Kral 2018; Kral et al. 2018),
MinFuture (Allesch et al. 2017) and SmartGround (Dino et al. 2017; Valjus et al. 2017) are
summarised and discussed in context of ORAMA MIN tasks in this Section. Links to project
websites, where full descriptive summaries of the projects can be found, as well as summary
of mining waste information relevant for the ORAMA project, are already presented in the
Section 6.2.
6.5.1.1 ProSUM
In the ProSUM project very specific recommendations regarding different topics
(harmonisation, quality and interoperability of data; knowledge base on material recovery and
supply; characterisation of materials in wastes; and the quantification of stocks and flows) were
given (Table 56).
Table 56: ProSUM project (Downes et al. 2017) recommendations for MIN
Recommendations
1:
Improving
harmonisation, quality and
interoperability of data
(high importance, high
urgency, stakeholders are
ORAMA consortium)

Suggested tasks
Review the mining waste
database model, code lists,
and harvesting methods to
facilitate
future
improvements to the
common
harmonised
database.

Description
Refinement of the data gathering procedures will be
necessary to improve the way common data is
described.

2:
Improving
the
knowledge
base
on
material recovery and
supply
(medium
importance,
medium
urgency, stakeholders are
EGS,
SCREEN
consortium, researchers)

Utilising
the
maps
generated in the Urban
Mine Platform as a
starting point, further
work
should
be
undertaken to determine
the viability of recovering
CRM from mining waste
deposits.

The locations of mining waste sites with potentially
high CRM content have been identifed together
with their composition where sampling has been
undertaken. The extent to which it is economically
viable to recover metals and mineral from these
deposits is unknown. EGS will produce a list of
potential sites to determine next steps with industry
and other researchers.

3:
Improving
the
characterisation
of
materials
in
wastes
(medium/low importance,

a: Produce a list of target
mining waste sites for
further prospecting.

It would require a massive budget to sample all of
the mineral waste deposits in the EU. It is
recommended that certain deposits, selected from
ProSUM data, are targeted for further investigation.
Selection criteria include size, active or recently
closed deposits/plant, and relatively high
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low urgency, stakeholders
are EGS)

4:
Improving
the
quantification of stocks
and
flows
(medium
importance, low urgency,
stakeholders
are
researchers. Mining and
processing companies)

concentration of CRM. Although mining waste
deposits may be inhomogeneous, they contain
traces of the ore from which the waste is derived.
Several CRM occur in small amounts associated
with the main metals due to chemical similarities
and these metal associations can be used to evaluate
the contents of CRM in both primary and secondary
deposits. Some knowledge of these metal
associations e.g. Indium and Zinc in base metal ores
and PGM in Nickel-Copper ores already exist but
would need to be further developed. ProSUM data
on the amount and content of CRMs in mining
waste, linked to existing primary commodity data in
Minerals4EU, forms a basis for such investigations
b: Undertake further work
to determine the material
content of ashes and slags
from metal processing.

Whilst the project did not include wastes from the
metal producing industry, e.g. the ash and slags
from smelters and blast furnaces, the data model
and code lists have been created. Therefore, these
wastes could be easily included in the future but
would require characterisation.

Investigate mining waste
flows

The ﬂow of mining waste from mines to waste rock
dumps and from plants to tailing dams were not a
focus of the project. However, such ﬂows are at the
most favourable sites for extraction and recovery of
CRM since the material is easily accessible, fresh
and newly milled, and the permits and infrastructure
are in place.

With regard to ProSUM recommendations, (Table 56) the recommendation 1 has been
addressed as most urgent and important to ORAMA. Because part of the consortium of the
ORAMA project was involved in the development of the MIN database model, code lists, and
harvesting methods it made sense to continue working on the suggested tasks. With regard to
recommendations 2, 3 and 4 it should be noted that presently it is rather impossible to start
working on Recommendations 2 and 3a (Table 56), since information about MIN deposit is
scarce in the existing ProSUM database. Regarding recommendation 3b and 4 (Table 56) first
step would be to recognise data providers, because many NGS do not systematically collect
and manage data on metallurgical waste or waste from active mines, which has been indicated
by questionnaire based surveys by Rotter et al. (2016) and Ladenberger et al. (2018). Regarding
these recommendations it would make sense to map knowledge of existing processing sites and
active mining waste sites/facilities in EU. This would provide a knowledge base to further
investigate mining waste flows and recognise processing sites as potential recyclers of MIN in
the future.
6.5.1.2 SCRREEN
In SCRREEN project WP3 identification and quantification of CRM resources in primary and
secondary sources including mining wastes, industrial wastes, fabrication scraps, EOL
products and ‘urban mines’ was performed and the results are available in Ladenberger et al.
(2018). Based on extensive review of projects relevant to CRM topics, and a questionnaire
based survey (Ladenberger et al. 2018) similar MIN data availability gaps as in ORAMA were
recognised: lack of data about CRM in MIN and lack of any consequent reporting of CRM in
MIN. Based on the review and main data gaps recommendations for future work with regard
to MIN have also been created and are summarised in Table 57.
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Table 57: Needs to ensure EU sustainable value chain and supply of CRM from primary and
secondary resources (Ladenberger et al. 2018)
Recommendations from SCREEN
1
New geological, geophysical and geochemical data focused on raw materials including the CRM are
needed. Such new, in-depth data are lacking for most of Europe; in this context, it seems that exploration
in the EU is hindered in comparison with most developed countries, mainly due to political reasons. These
are very costly activities which are necessary to have a CRM situation ‘under control’, and which need to
be jointly covered by government and private companies, but with a common system.
2

More detailed evaluations of resource potential in underexplored regions of Europe and revisiting of
historic mining regions (brownfields and historical wastes) with new technology and concepts. Enhance
the accessibility to existing data on both primary and secondary resources to achieve high potential and
new mineral deposits (e.g. CRM) taking also into account competing land-use.

3

There is still much work to be done in the field of waste reuse and recycling R&D&I. For European
Geological Surveys, the major interest is primarily on mineral-based wastes related to the so called mining
life cycle. One important issue is the pan-EU standardised and harmonised compositional and
mineralogical characterisation of waste rocks, mining wastes, processing tailings, by-products, and
metallurgical residues. Using modern analytical technologies it is possible to deliver accurate grades with
respect to CRM. There is no meaning in discussion the potential of the secondary resources component if
your compositional ground is uncertain. Along with grades, there is of course a need for detailed mapping
of all stocks in brownfields of abandoned mining areas, as well as in operating mines, to be able to consider
resource estimation and classifications issues.
Development of eco-friendly extracting technologies of CRM from waste can satisfy goals like waste
reduction and reduced land use and they should become inherent objectives of the ecological part of every
future mining/quarrying related activities. This can be actively incorporated into the remediation of
historical mining sites and other inactive industrial facilities.

4

A functional EU data base on CRM material flow analysis approaching real minerals and metals used by
the EU.

5

The practical life cycle database for all economically important minerals and metals containing CRM.

6

Development of long-term supply of CRM and the analysis of industrial supply chains linking geological
data to industrial products.

7

Waste flow data that are commodity based.

8

Waste should be categorised upon its resource potential.

9

Examination of available data on CRM for mine waste in greater detail.

10

Mapping and prioritisation of most relevant manufacturing areas such as product designers and
metallurgists/recyclers.

11

Identification of the production residues containing CRMs for improved recycling, a selection of the most
relevant residue streams for CRM recycling.

Many SCRREEN recommendations share similar goals as to ProSUM recommendations and
as well emphasize the needs for new research of MIN sites, collection of new data that would
enable resource potential, investigation of MIN stocks and flows, recognition of recycling
system for MIN and creation of a functional database for MIN related information.
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6.5.1.3 COST MINEA
While several standard classifications exist for primary raw materials, there is currently no
classification for mining waste. A COST MINEA project consortium is dedicated to
development of the classification and reporting of anthropogenic resources, including mining
waste (Kral et al., flyer). For this specifications have been drafted to apply United Nations
Framework Classification (UNFC) for Resources to Anthropogenic Resources (Kral 2018;
UN, 2018). A detailed introduction and history of the development of the Draft Specifications
for the Application of the UNFC to Anthropogenic Resources was presented recently by Kral
et al. 2018. To demonstrate the use of UNFC classification studies to determine anthropogenic
resources from mining waste, case studies have been performed by the Mining and Geological
Survey of Hungary (Horvath et al. 2018; Figure 23). The following three objects were chosen
for case studies:
• Site I. = heaps of Recsk-I. former mining site (Cu)
• Site II. = heaps of Recsk-II. former mining site (Cu)
• Site III. = heaps of Gyöngyösoroszi-I. former mining site (Pb-Zn)
The classification according to UNFC is presented in Table 58.
Table 58: The classifications of Site I, II., AND III. according to UNFC

Site I.
Site II.
Site III.

E
3
3
3

F
3
4
4
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Figure 23: Harmonisation between national and international classification systems: Case
studies for mining waste in Hungary

The recommended UNFC classification system for secondary resources would enable to
produce reliable statistics of mining waste resources, which is one of the main concerns for
EU, and the statistics could be used for harmonised reporting. Kral et al. (2018) mentioned that
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European Commission (DG Growth) (Chanes 2018) already recognized the potential of using
UNFC to obtaining harmonized data for MIN on regional, national and EU levels and for
transmitting information to the EU level. This is why the recommended classification system
is interesting for ORAMA and it could be considered in the future for possible improvements
of existing MIN data model and codes used for harmonisation of MIN information and
reporting used in ProSUM. Furthermore a part of ORAMA consortium (WP1) is dealing with
the issues related to primary raw material reserve and resource data availability, quality and
harmonisation. In their first report (Bide et al. 2018) it was showed that in the scope of a
previous project (Minerals4EU) data about mineral resources and reserves have been collected
from official sources (across 40 European countries) for the first time at European levels.
However, it has become apparent that no pan-European resource and reserve estimates can be
obtained from those numbers due to serious issues related to lack of data and the use of different
systems for reporting across Europe, which makes comparison and summary of data
impossible. Therefore WP1 ORAMA consortium working group has been given the task to
suggest improvements of data quality by moving towards the adoption of a use of a single
system of reporting, which should be agreed by EU nations, in order to move forward with the
EU level harmonisation of mineral resources and reserves statistical data. They suggested that
UNFC classification presents one possible classification used for reporting of primary mineral
resources and reserves across EU in the future. If this would be the case, the idea of also
including MIN anthropogenic classification in UNFC as proposed by MINEA, would enable
the collection of statistics about MIN in the minerals yearbook. However as mentioned, data
models and harmonisation codes will have to be developed accordingly. In conclusion results
from MINEA project should be reviewed and considered for further development of the
ProSUM MIN data model and harmonisation codes.
6.5.1.3 Smartground
Smartground project deliverables do not provide specific recommendations; however for MIN
a data collection plan (Table 59) has been designed in order to obtain the useful information
(volumes, grade, etc.) that was needed for estimation of secondary potential for 6 selected pilot
deposits (Table 50) with different characters. Based on in-depth characterization studies of the
pilot deposits, methodologies and protocols for field survey, sampling and characterizations of
MIN deposits have been developed and validated (Valjus et al. 2017; Dino et al. 2017).
Table 59: Recommended data collection plan for investigation of MIN secondary potential
established in Smartground project (after Dino et al. 2017 and Valjus et al. 2017)
Data Collection Plan
Preliminary data collection about localization, morphology, geology, info about ore bodies,
Step 1
mining and dressing activities, etc.
Step 2
Field activities, which have to be organized into two stages
Preliminary field activity in order to map the old mine tunnels, access roads, pedestrian paths and
a
waste facilities. This early survey involves the recognition of the main characters of each dump,
possibly including some geochemical features with the help of a portable XRF.
Representative sampling of the different types of deposits (waste rock, operating residues and
tailings). The sampling of the different types of deposit must be planned on the basis of the info
collected during preliminary field activity, together with historical info about mining and dressing
b
activities, info about geology, restrictions present in the area, etc... Representative sampling can
generally be performed by applying a net scheme or a random sampling procedure; the samples
can be collected using different tools, depending on the characteristics of the area and of the
materials, such as: core drilling, excavating, sampling using hand shovel, etc.
Characterization, organized in two main stages:
Step 3
a
Treatment to obtain representative samples for analysis
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b

Analysis for physical, chemical, mineralogical, petrographic characterization

Dino et al. (2017) also suggested the Smartground pilot case study methodologies can be
adopted for the estimation of the SRMs potential of MIN deposits in general. This
recommendation is very relevant to ORAMA, since it has been revealed that many national
data providers need to carry out research investigations on MIN characterisation in order to
share MIN datasets for estimation of secondary potential. Smartground methodologies are
useful as existing good practices for data providers.
6.5.1.4 MinFuture
The MinFuture project aims at identifying information gaps within global supply chains of
minerals and metals and providing suggestions to fill those gaps. In the scope of the project a
workshop took place with the aim to discuss how data on material cycles are generated, refined
and aggregated (Allesch et al. 2017). One session of the workshop was dedicated to Mineral
data collection by Geological surveys and was focused on data from primary resources, but
applicable also to MIN information, since NGS are one type of organisations that manage and
officially share MIN information. Two important topics were discussed: (1) the scope and type
of data being collected and the procedures for data collection in place and (2) challenges with
harmonization (within and between institutions) and approaches currently being used to
facilitate the harmonization. The key points that resulted from the discussion (Allesch et al.
2017) showed that biggest gaps and problems are related to collection and harmonisation of
data and in understanding of how the data are used, what kind of data is needed and the terms
being used. Therefore it has been stressed that data producers and data users need to
communicate to identify and improve ways of data/ information exchange and that one key
organisation should take the lead and be in charge for data harmonisation.
Similar issues were observed in ORAMA project during the review and inventory of existing
data in ProSUM harvesting database, which are presented in the Section 6.4.3. It is assumed
that existing MIN ProSUM common database and its operation has not yet been clearly
interpreted to the data providers and stakeholders and further work need to be undertaken in
the future to enable correct and operational exchange of information between data providers,
data processors and data users. This is important for WP4.
6.5.2 Proposed strategies
Based on the inventory of national and EU data sources, MIN data collection practices and the
review of existing and general recommendations, strategies for further work are suggested in
this Section. The intention is to help enhance MIN secondary potential data quality and
availability in existing EU collection practices.
The recommendations for further work were focused in four different topics (classifications,
stakeholder involvement, monitoring and research) that are divided in 3 different categories
(composition/content, stocks and flows, final recovery rates). However, the recommendations
with regard to stocks and flows and final recovery rates were very basic for all topics, because
of lack of related knowledge base. It was stressed that the improvement of knowledge base on
these topics is crucial in order to provide more detailed recommendations for future work.
However a general remark that needs to be stressed out is that, in contrast to other waste groups
in this study, there is no EU legislation that requires recycling of mining wastes and there is no
major recycling industry (Huisman et al. 2017). Although it should be mentioned that the
Directive 2006/21/EC in the article 5(b) states that within preparation of waste management
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plans one of the objective should be to encourage the recovery of extractive waste by means of
recycling, reusing or reclaiming such waste, where this is environmentally sound in accordance
with existing environmental standards at Community level and with the requirements of this
Directive where relevant.
It is assumed that lack of proper and detailed legislative tools and official guidelines
addressing directly the mining waste recovery significantly decelerates its progress in practice.
Prior the focus on different categories, a superior suggested recommendation in case of MIN
secondary resource data collection and reporting is therefore either to develop and implement
a mining waste recovery legislative document/ official guidelines that would cover all aspects
of mining waste recovery and “unite key knowledge, activities and players under the same
roof” or complement the existing Directive 2006/21/EC with the suggested content.
As an example, despite having several shortcomings that need to be improved (Hölvényi 2017)
it is believed that the implementation of the Directive 2006/21/EC represents a good practice
towards outstanding progress of MIN data collection and reporting with regard to environment
safety. As a result of the Directive’s implementation, since July 2017, 3,462 closed and
abandoned waste facilities were registered in 18 Member State inventories and 3,754 extractive
waste permits were recorded across the EU that need special attention regarding environmental
impact (Cherrier et al. 2017).
In general, due to lack of proper legislative tools/ official guidelines, actions towards MIN
secondary resource data collection and reporting are being addressed within various national,
international projects and other activities. Consequently, improved knowledge is still
dispersed, the results of projects are often overlooked or insufficiently disseminated, which on
the one hand hinders progress of MIN data collection and reporting or even duplicates work,
which has already been done. Consequently the assessment of existing knowledge is for some
topics very difficult.
6.5.2.1 Classifications
Brief overview: No official classification of MIN secondary resource data exist, although
several projects developed unofficial mining waste harmonised classifications templates with
intention to enable reporting of MIN information, including compositions: ProMINE,
ProSUM, SmartGround and Minea. It should be noted that a detailed assessment of all
classifications have been out of scope of ORAMA and therefore not performed. Only ProSUM
classification has been acknowledged in detail. ProMine classification was created with the
purpose of collecting information only during the project (not long-term). Furthermore
ProMine knowledge on MIN classification was a basis for development of INSPIRE compliant
harmonised classification within ProSUM Mining Waste Extension development. Therefore it
could be concluded that 3 different unofficial mining waste classifications, serving as a basis
for future MIN data collection, were proposed recently (in general all were released in 2018).
Existing classifications have been focused on characterisation of stocks, while MIN flow has
deserved limited attention, with exception of ProSUM extended Minerals4EU classification
template that enables the separation of mining waste from mining and processing activities. To
our knowledge final recovery has not yet been addressed in existing MIN classifications.
Because existing classifications are still “fresh” and related data collection procedures are only
in the initial stages it is hard to judge their suitability and usefulness in general as well as in
case of mining waste compositions or ProSUM MIN flow separation (mining, processing
activities).
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Compositions/content
- Map Member States MIN case studies (a representative geochemical characterisation
of the deposit must be available) and provide examples of reported information by
using existing classifications. Decribe workflow and stress issues and therefore
evaluate the suitability/ usefullness of developed terminology and framework for
chemical composition and in general.
- Critically review and compare the existing MIN classifications (focus on terminology
and framework) with intention to recognise synergies, potential for improvements and
best practices.
- Monitor progress of MIN data collection, which are based on the recently developed
classifications, and recognise operability, data gaps, advantages or disadvantages. With
time it will probably become clear, which classification will serve its purposes in
practice.
- Based on existing practices establish one common user friendly MIN classification
related to one collection practice that would ideally be officially acknowledged.
Stocks and waste flows
- Improve knowledge base of MIN flow by focusing on examinaton of the active
mining and processing sites, where mining waste is being produced and elaborate
mining waste from mines to waste rock dumps and from plants to tailing dams.
- Develop terminology and framework for inclusion of MIN flow data in existing
classifications.
Final recovery rates
- It is recommended to improve knowledge base of MIN final recovery rates and to
develop terminology and framework to include estimated and actualised final
recovery rates in existing classifications.
6.5.2.2 Stakeholder Involvement
Brief overview: Three previous projects (ProMine, ProSUM & SmartGround) aimed to
collect MIN secondary resource information, which resulted in the dispersion of existing
national datasets at EU level as well as data providers. Because different harmonised
classifications were used for dataset collection, different reporting formats of datasets
exist, hindering their comparison. Furthermore ProMine collection of information for the
platform was a one-time thing. In ProSUM collection of information is based on a data
harvesting system that automatically collects information from data provider’s databases.
In SmartGround collection of data is open-source based – anyone can register and upload
the information into the platform. The reporting approach in all projects is similar and it is
based on the development of a web-based platform, however the ProMINE platform was
established only to share information gathered during the project, while ProSUM and
SmartGround platforms were designed as long-term reporting systems, where availability
of existing information will grow and missing information on deposit level will be updated
with time. The assessment of the existing datasets in mentioned systems showed they are
still very scarce. Moreover there is a lack of deposit level data (majority of existing datasets
contain basic deposit information, such as spatial occurrence, commodity or type, while
important detailed information, such as chemical content or volume is missing) and poor
spatial coverage (datasets for most countries addressed in this study are available in
ProMINE (n = 18) followed by ProSUM (n = 7) and SmartGround (n = 3)). It has become
clear that operational phase of the existing collection frameworks has not flourished yet.
Furthermore it has been indicated that due to existence of different collecting and reporting
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systems confusion about how, where, to whom, and most importantly, with what purpose
MIN resource potential data are shared at EU level. Dissemination of knowledge,
stakeholder awareness and consultation is a crucial step prior making any improvements
on existing practices.
Compositions/content
- Disseminate knowledge on existing long-term MIN secondary resource collection
frameworks and raise awareness about:
o

o

-

existing datasets – acknowledge their existence and emphasize there is no composition
information attached to it. Organise workshops and invite stakeholders; in this case
data providers and research organisation that would be interested in characterising the
MIN deposits, which were reported as interesting in the existing platforms. New
projects could be established dedicated to MIN deposit characterisations. As a result
information on composition and other important information to estimate secondary
potential should be gathered. Afterwards the existing datasets should be updated.
lack of datasets and spatial coverage – motivate existing and new data providers to
share data in the existing reporting systems, but clearly emphasize only the deposits
with proper characterisation (having composition and volumes defined) should be
reported.

Create workshops on geochemical MIN characterisations by inviting competent experts
and mining and ore processing companies.
Elaborate the idea that chemical composition would be defined prior the disposal of the
waste, to facilitate its potential recycling process. The composition should ideally be
publically accessible and shared at EU level.

Stocks and waste flows
- Raise awareness that MIN flow knowledge is relatively unknown/ insufficiently
understood, but very important to understand logistics for future MIN recovery.
Organise workshops and invite targeted stakeholders: mining and ore processing
companies. Address their waste management practices and create a basis for MIN flow
knowledge.
Final recovery rates
Raise awareness that MIN recovery knowledge is scarce. Organise workshops and invite
targeted stakeholders (mining and ore processing companies) and address mining/processing
companies as potential recyclers of MIN.
6.5.2.3 Monitoring
Monitoring of MIN secondary resources to our knowledge presently does not exist. Although
monitoring of MIN from permitting to rehabilitation and post-closure monitoring of
environmental impact exist for environmental safety purposes in the scope of the Directive
2006/21/EC. Since July 2017, 3,462 closed and abandoned waste facilities were registered in
18 Member State inventories and 3,754 extractive waste permits were recorded across the EU
(Cherrier et al. 2017). If we consider them as output registrations we have one suggestion with
regard to composition.
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Compositions/content
- It would make sense that for MIN waste, which is officially registered in the EU in the
scope of the Directive 2006/21/EC, obligatory reporting of waste chemical
characterisation would be included.
Stocks and waste flows
- Elaborate the monitoring of MIN secondary resources.
Final recovery rates
- Elaborate the monitoring of MIN final recovery rates.
6.5.2.4 Research
Brief overview: The work in tasks D2.1 and D2.2 showed majority of existing available MIN
datasets reported at EU level lack chemical compositions/ content data. Based on the results of
MIN questionnaire surveys (Rotter et al. 2016; Ladenberger et al. 2018) and examples of
national MIN data sources and collection systems in D.2.1 (Wagner et al. 2018) it is indicated
that lack of information about chemical content in existing EU datasets is a consequence of the
lack of such information already within the existing national databases, which were a source
of information for EU reported datasets. The major reason for this is that most information in
existing datasets has been gathered with the purpose of estimation of environmental impact
rather than secondary potential of the waste. Consequently characterisation of the deposit
surroundings (i.e. geochemical characterisation of downstream sediments, water and soil) was
in focus and not the characterisation of the deposit itself. Therefore most important further
work regarding chemical content actually concerns national data providers and their networks
and is related with research investigations on characterisation of potentially interesting MIN
deposits. The need for such investigations has been identified and recommended already in
ProSUM and SCRREEN project. Some national projects (Bellenfant et al. 2013; Guézennec et
al. 2013; Bertrand et al. 2015; Carvalho et al. 2016; Mc Grath, E. 2016) have been found that
aimed to establish a list of interesting deposits with regard to secondary potential. They were
selected from larger datasets either compiled for environmental assessment, monitoring or
management. Furthermore in the EU project SmartGround six extractive waste facilities were
investigated as pilot sites in order to obtain results for estimation of secondary potential (Valjus
et al. 2017) and present existing good practices for site investigations. All cited projects could
be used as existing good practices; therefore more details are presented in the Section 6.5.3.1.
In addition in order to decide, which deposits are interesting regarding secondary potential, a
useful priority list of potential sites has already been established during ProSUM (Table 60),
which can help data providers to select the deposits in their datasets, which are potential
candidates for future investigations.
Table 60: Priority list for data provider established in ProSUM by Chancerel et al. (2017)
Priority 1: Size of the waste deposit
The deposit must be large enough to justify investment in infrastructure, extraction facility and permitting
processes. A very large MIN deposit can compensate for a low grade.
Priority 2: Metal and/or mineral content
The deposit must contain sufficient concentrations of metal or mineral, common commodities as well as new
commodities (CRM), to enable future extraction.
Priority 3: Critical raw materials – CRMs
MIN deposit with sub-economic levels of CRM that must be extracted due to an acute shortage of supply. The
reason why CRM are not given a top priority is that most of the data available are limited to those commodities
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that gave economic viability to the mine or processing plant, i.e., common commodities such as iron and alloy
metals, base metals and precious ones. Since mining in Europe and in the world has been and remains focused
on these commodities we have a lot of good quality data for those. More rare metals and minerals with lower
economic or environmental importance, including several of the CRM, were seldom analysed and reported.
Most of the CRM occur together with common commodities for which they have physical and/or chemical
affinities (e.g., Verhoef et al. 2004) and there are methods to estimate the CRM content from knowledge of the
get around these obstacles.
Active mines and processing plants
An active industrial site with access to an industrial infrastructure, skilled work force and some of the necessary
environmental and land use permits in place is of interest since the wastes have not reached the stock yet but
are still in the process. It is highly probable that an emerging extraction of MIN will start or has already started
at active mines and plants.
Small MIN deposits
Small but metal-rich waste deposits can be of scientific and academic interest but are, in most cases, too small
to allow a profitable metal or mineral extraction. For those a combined metal and mineral recovery and a mine
site restoration, co-funded by environmental authorities and extractive company is a more realistic case. These
deposits will be considered but their small size give them a lower priority.
The unexpected
The efforts to collect data at the national level, including sampling and analysis, compilation of data from
literature and otherwise, may result in the discovery of MIN deposits with grades of metals and minerals that
were not expected. These deposits will also be considered but the search for them cannot be prioritised.

In EU, although as of July 2017, 3,462 closed and abandoned waste facilities were registered
in 18 Member State inventories and 3,754 extractive waste permits were recorded across the
EU (Cherrier et al. 2017). Regarding products 1,027 out of the 3,462 closed and abandoned
facilities (30%) were from mines extracting metallic minerals and the rest that could be
allocated were 3% non-metallic minerals, 2% fuels, 2% coal, 1% precious metals and 5%
combinations. In case of permits for 2,013 permits information was available and the majority
(79%) were related to non-metallic minerals, 10% to metallic minerals and the remaining to
coal, oil and gas, geothermal energy and ‘exploration’. In addition, 913 deposits have been
registered in the ProSUM harvesting database and 616 in Smartground database. In the frame
of the circular economy all the registered waste can be labelled as possible stocks of secondary
sources of mineral raw materials that could be re-used in the future with development of
appropriate processing technologies, legislation, social acceptance and other necessary tools
that would enable economic exploitation of such resources.
With respect to presently reported EU MIN deposit datasets it is in majority cases unknown to
which extent the remaining valuable resources (metals and minerals) can be recovered due to
lack of proper deposit characterisation. There are actually sparing data found at present about
recovery of mining waste in the European territory. One promising example of potential MIN
recovery has been related with Cínovec, a former Sn-W mine in the Czech Republic. There
mining operations already started in the 14th century and lasted until 1993, when the mine was
closed with a large waste stockpile remaining. At that time, the waste material was declared
uneconomic; however recent demand for Li prompted a re-examination of the stockpiles as
well as host rock deposits. A large Sn-W-Li in the Cínovec hard rock deposit has been
extensively studied since 2014 and preliminary feasibility study confirmed Cinovec as
potentially low-cost lithium carbonate producer (European Metals Holdings Limited 2017).
Furthermore, Rambousek and Jandová (2013) presented the research on tailings from the
former Cínovec mine and demonstrated a transformation of a Cínovec tailing pond to a
secondary raw material deposit, which was at the time prepared to be mined and estimated to
contain economically interesting concentrations of Li (0.27%). Moreover, it has been
mentioned in the project by McGrath (2016) that with regard to the Rambousek & Jandová
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(2015) approximately 670kT of material waste is located at the site with over 2000 tonnes of
lithium metal present and that licence has been granted to commence mining of the waste
stockpile as a lithium deposit over a 5 to 6 year mine life. The recovery of the Cinovec MIN
has been additionally reported in press (Figure 24).

Figure 24: Mine tailings containing lithium leftover from previous miningat Cinovec (Czech
Republic). Czech company, has already secured all necessary permission to extract lithium from
it. (AP Photo/Petr David Josek). (Source: ASSOCIATED PRESS 2017)

Compositions/content
- Deposit waste characterisations can be quite expensive and demand collaboration of
several expertises. Therefore it makes sense that national data providers would create a
list of interesting sites with lacking data. Such list should be formed in some kind of
register or database, which should be shared and help attract wider research networks
interested in such investigation, creating space for new EU research projects focused in
waste characterisation and estimation of secondary potential. There is a possibility that
ProSUM data model could be upgraded with some kind of attribute that would inform
the user that the deposit is interesting, but needs to be researched in detail in order to
estimate secondary potential. In this way the ProSUM database would extend the
stakeholder network to organisations interested in research of MIN deposits rather than
just in their recovery.
- Besides the selection of interesting sites, there is also a lack of common EU guidelines
for MIN chemical composition characterisation. It is believed that common guidelines
would be very useful and motivate future research of MIN. Therefore the formation of
expert teams and future projects are suggested, which would develop detailed strategies
for creation of such guidelines.
Stocks and waste flows
- Research of national and EU stocks and waste flows should be performed.
Final recovery rates
- A creation of an inventory of EU operating mining and processing companies as
potential recyclers should be performed.
- A network and cooperation across the whole value chain (deposit owners/ managers,
processing facilities, end-users, equipment providers, research institutions, legislators,
non-govermental institution etc.) should be established.
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-

Processing technologies, legislation, social acceptance and other necessary tools that
would enable economic exploitation of MIN resources should be investigated.

6.5.3 Prioritised actions
General remarks: For ORAMA consortium the ProSUM MIN harmonisation, collection and
reporting system practices are considered as a primary base for further developments towards
a single EU MIN reporting system, because they follow INSPIRE specifications for exchange,
sharing, access and use of interoperable spatial data and services, which is very important for
EC. Furthermore it is built as an extension of Minerals4EU data model from Minerals4EU
project, where a single long-term reporting system for sharing of data on primary raw material
resources was established and will be further developed within the Minetll4EU project.
Therefore MIN information is collected using the same technical tools as data about mineral
resources. In this way related mine and primary resource data from Minerals4EU platform can
be integrated into the ProSUM platform and can be viewed simultaneously with MIN
information. However further work needs to be carried out to make ProSUM reporting system
operational in practice.
The ProSUM project recommended to ORAMA a refinement of the data gathering procedures
(Recommendation 1 in Table 56; chapter 6.5.1.1). ProSUM project ended in December 2017,
just when ORAMA project started. During T2.1 inventory of data sources and assessment of
available MIN information it was shown that certain technical errors occurred in the collection
process of MIN information during the ProSUM project and no information could be found in
the established common database. Immediately communication with the MIN group of the
ProSUM consortium project and database developers was established to identify issues and the
potential solutions to resolve them with the intention to at least obtain the information that was
supposed to be available after the ProSUM project ended. It has become apparent that
confusion and misunderstanding occur when providing data to the common system based on
the extended ProSUM MIN data model. The exact information about which NGS from EGS
have agreed to provide the datasets to the ProSUM platform could not be obtained. It has only
been stressed that Norway, Sweden, Ireland, Denmark, Slovenia, Czech and Portugal have been
actively in contact regarding their data with the harvesting team during the project. Moreover,
in ProSUM final report (Huisman et al. 2017) examples of the type of MIN data from Ireland,
Sweden and Slovenia have been presented that will be available through ProSUM web pages.
However while data from Slovenia were available in the harvested database after the project,
the data from Sweden and Ireland were not. This is why also communication between WP2
MIN working group and WP3 harvesting team as well as with the harvesting team and existing
national data providers has been established during T2.2 and issue identification and solving is
ongoing. From the beginning of the task 2.2 to October 2018 the improvement of available
MIN data records is presented in the Table 61.
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Table 61: The status of M4EU & ProSUM MIN information harvesting results in the year 2018
Country

Croatia - HR

Czech - CZ

Denmark - DK

Norway - NO

Harvesting report date

06.04. 07.08. 06.09. 08.10. 06.04. 07.08. 06.09. 08.10. 06.04. 07.08. 06.09. 08.10. 06.04. 07.08. 06.09. 08.10.

# T able name

records records records records records records records records records records records records records records records records

miningwaste*

46

46

46

46

10

10

10

10

1

1

1

1

0

0

0

0

wastestorage*

46

46

46

46

10

10

10

10

0

0

0

0

0

0

0

0

prosumenvironmentalimpact

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

prosumminingactivity

46

46

46

46

10

10

10

10

3

1

1

1

0

0

0

0

prosumminingactivitytype

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

prosumminingwaste

46

46

46

46

10

10

10

10

0

0

0

0

137

137

137

137

prosumminingwastemeasure

0

0

0

0

10

10

10

10

0

1

1

1

137

137

137

137

prosumwastecommoditymeasure

0

0

0

0

14

14

14

14

0

1

1

1

0

0

0

0

prosumwastedimension

0

0

0

0

8

8

8

8

0

0

0

0

137

137

137

137

prosumwastestorage

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Portugal - PT

Country

Slovenia - SI

Sweden - SE

Ukraine - UK

Harvesting report date

06.04. 07.08. 06.09. 08.10. 06.04. 07.08. 06.09. 08.10. 06.04. 07.08. 06.09. 08.10. 06.04. 07.08. 06.09. 08.10.

# T able name

records records records records records records records records records records records records records records records records

miningwaste*

0

0

14

14

0

0

0

0

0

0

676

676

0

0

0

0

wastestorage*

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

prosumenvironmentalimpact

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

prosumminingactivity

0

0

0

0

19

19

19

19

0

0

676

676

0

0

12

12

prosumminingactivitytype

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

prosumminingwaste

0

0

0

0

19

19

19

19

0

0

0

0

0

0

12

12

prosumminingwastemeasure

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

prosumwastecommoditymeasure

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

prosumwastedimension

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

prosumwastestorage

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

*Mining waste features tables developed already within Minerals4EU project

In August 2018 the same data were available as in April 2018, meaning no new data have been
delivered from other NGS, which agreed to provide information during ProSUM project, and
no new data have been provided by the existing providers. In addition, it has also been stressed
out that the data (1 location) from Danish database are actually test data, which have been
inserted with the reason to test the collection process, when the system was established. In
September, the same findings apply to previously existing data. However, the data from three
additional countries (Ukraine, Sweden and Portugal; for Portugal only Minerals4EU developed
tables for MIN were filled) were successfully harvested. Harvesting is being improved within
ORAMA WP3 tasks and most probably errors that prevented successful harvesting of the data
were eliminated. Therefore database progress has been established and in September there were
data from 7 countries (CZ, NO, SI, HR, SE, UK and PT). In October the situation has not
changed.
Because the availability of data has improved, existing data analysis was carried out.
Harvesting team provided us with each ProSUM and Minerals4EU table of each country, where
MIN records were available (Table 61), in separate excel sheets. Afterwards data were
compiled into a single excel sheet with attributes that contain existing data. The review of level
of detail of data showed that 46 deposits were reported by HR, 9 by CZ, 137 by NO, 14 by PT,
19 by SI, 676 by SE and 12 by UA. With regard to the waste type, all deposits from SE are
from mineral excavation. All deposit from Norway are from mineral metalliferous excavation,
except 3 are from non-metalliferous excavation. All deposits from Croatia are from mineral
metalliferous excavation, except 1 deposit is defined as leach residues. In Slovenia 9 deposits
has been defined as mineral metalliferous excavation and 10 as physical chemical process
220

Funded by
the European Union

metalliferous minerals tailings. In Czech 6 deposits are defined as materials from mineral
metalliferous excavation and 4 deposits as materials from mineral dressing. In Ukraine 2
deposits are defined as gravel and crushed rocks, 8 deposits as other sludge muds chemical
liquid products, 1 deposit as physical chemical process non-metalliferous minerals and 1
deposit as mineral dressing metalliferous wash tailings. In Portugal 3 deposits has been defined
as mineral metalliferous excavation, 2 deposits as other sludge muds chemical liquid products,
2 deposits as physical chemical process metalliferous minerals, 2 deposits as mineral dressing
metalliferous, 1 deposit as mineral excavation, 1 deposits as mineral dressing metalliferous
flotation tailings and 1 deposit as mineral dressing metalliferous wash tailings. In general,
based on September status, most deposits (74 %) are from mineral excavation, followed by
mineral metalliferous excavation (22 %), while the rest 4 % belong to other type of deposits
(Figure 25).

Figure 25: Type of mining waste in ProSUM database (data obtained on 06.09 from the
harvesting database, based on 7 countries)

Besides type of MIN following detailed information were reported: SI reported the time period
(begin and end time) of deposition of the waste (mostly old waste from the first half of the 20th
century), SE reported the time period (begin and end time) of deposition of the waste and the
amount of processed ore (in t), PT reported volumes (m3) (only for 3 deposits), NO reported
the volumes (m3) based on non-compliant resource estimate MIN classification and CZ
reported volumes (m3) and areas (m2) as well based on non-compliant resource estimate MIN
classification. CZ additionally reported that amount estimation method used was field
measurement and composition estimation method used was random sampling, although no
composition data was reported. Five countries have also related the MIN data to the mine
information, which are stored in the Minerals4EU model. It should be noted that the presented
available data are the status of information based on the current operability of the system and
actual or correct implementation of the national ProSUM extended databases of the data
providers in practice. The system is a matter of progress, while which data providers have
implemented the ProSUM database, but the data have not yet been successfully harvested, is
still not clear due to limited responsiveness of the data providers.
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The work has improved the information with regard to spatial coverage, but the analysis of
existing information illustrates that information about MIN deposits still stays as very basic
and no potential for secondary use can be estimated. However, it is expected that in the longterm future, when deposits will be characterised in detail and existing datasets will be updated
with important information about composition and volumes by data providers, estimates will
be possible. Although it is not yet clear what attribute data will be available in the future in the
web-based platform to the end user. It has been stressed that the web-platform has not been
finalised during ProSUM project, because of lack of resources.
In conclusion the database has promising potential to provide statistical data about secondary
sources of materials from MIN, but further work needs to be performed.
6.5.3.1 Overview of actions and case studies
Strategies suggested for further work, which were described in the previous Section 6.5.2, are
summarised in Table 62 and elaborated according to stakeholders involved, time-frame,
priority and feasibility.
Table 62: Overview of MIN prioritized recommendations
Action

Stakeholders
Involved
Identify technical errors in Database experts,
the ProSUM harvesting data providers.
system
and
existing
harmonised
national
databases.
Elaborate
the
future Database
and
ProSUM application/web application
portal for MIN data sharing. developers, end
users
Transform/ upload existing Database
ProSUM datasets into the developers.
web-platform and make
them accessible to the end
user.
Create clear and user- European
friendly guidelines for Commission,
ProSUM based MIN data MIN
experts,
sharing to attract new data research
providers
organisations

Time
Frame
Short
term

Priority

Feasibility

High

Depending on available
resources. Consider ORAMA
and Mintell4EU project as
possible resources.

Short
term

High

Requires human resources.

Short
term

High

Requires human resources
and low to medium funding
for operational platform
development and support.

Short
term

High

Monitor progress of MIN Data collectors
data collection in existing
systems.
Map existing and new data Data collectors
providers.

Long term Medium
term

Financial support for the
creation of guidelines and
their
dissemination..
Consider ORAMA and
Mintell4EU
project
as
possible resources.
Medium human and financial
resources.

Middle
term
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This can be implemented
having
a
common
understanding
among
Member States and having
low to medium human and
financial resources.
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Create a list of interesting National
MIN deposit sites of lacking authorities,
data.
European
Commision

Medium
term

Medium

Create
common
EU
guidelines
for
MIN
characterisation with regard
to secondary potential.

European
Commission,
Resarch
organisations

Medium
term

High

Perform interesting deposit Research
characterisations and report organisations
data to existing systems.

Medium
term

High

Use existing classifications Classification
for reporting - establish case developers
studies and identify best
practices.

Medium
term

Medium

Review existing reporting ProSUM,
platforms and recognise ProMINE,
best practices.
SmartGround
platform
developers
Creation of a single system European
and centralized organisation Commision,
for
classification,
harmonisation, collection
and reporting of MIN
secondary
resource
information.
Map knowledge of MIN National
stocks and flow.
authorities,
European
Commision,
Mining comanies,
Processing
companies
Map knowledge of MIN National
recovery.
authorities,
European
Commision,
Mining comanies,
Processing
companies
Map potential recyclers of Processing
MIN
companies,

Medium
term

Medium

Long term Medium

This can be implemented
having
a
common
understanding
among
Member States and having
low to medium human and
financial resources.
This can be implemented
having
a
common
understanding
among
Member States and having
medium human and financial
resources.
Depending on the funding
availability. It is estimated a
high amount of financial and
human resources is required
due to expertise and analysis
required.
This recommendation can be
implemented once all parties
have
a
common
understanding. In order for
this recommendation to be
feasible a low amount of
financial
and
human
resources is required.
In
order
for
this
recommendation
to
be
feasible a low amount of
financial
and
human
resources is required.
This recommendation can be
implemented once all parties
have
a
common
understanding. In addition
medium amount of human
and financial resources will
be required.
Depending on available
resources. In order for this
recommendation
to
be
feasible a low amount of
financial
and
human
resources is required.

Medium
term

Medium

Medium
term

Medium

Depending on available
resources. In order for this
recommendation
to
be
feasible a low amount of
financial
and
human
resources is required.

Medium
term

Medium

Depending on available
resources. In order for this
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Develop and implement a
mining waste recovery
legislative
document/
official guidelines.

Unite
MIN
recovery
knowledge, activities and
players under the same roof.

Establish a MIN recovery
network and cooperation
across the whole value
chain.

equipment
providers,
research
institutions,
Policy
makers,
NGOs, National
authorities,
European
Commision,
Mining comanies,
Processing
companies
National
authorities,
European
Commision,

Longterm

Medium

Longterm

Low

Deposit owners/ Longmanagers,
term
Processing
companies
Mining
companies
Research
institutions,
Policy
makers,
Non-govermental
institutions

Low

recommendation
to
be
feasible a low amount of
financial
and
human
resources is required.
This recommendation can be
implemented once all parties
have
a
common
understanding. In addition
medium amount of human
and financial resources will
be required.
This recommendation can be
implemented once all parties
have
a
common
understanding. In addition
medium amount of human
and financial resources will
be required.
This recommendation can be
implemented once all parties
have
a
common
understanding. In addition
medium amount of human
and financial resources will
be required.

6.5.3.2 Case study proposals
As described in the previous Section (6.5.3) the refinement of the data gathering procedures in
the ProSUM MIN database has been carried out and the availability of data has been improved
in the on-going ORAMA project. However the quality of existing datasets turned out to be
moderate to low. In the scope of ORAMA project the quality of existing dataset is defined by
the level of detail of data reported. Therefore to use the existing datasets as possible case studies
to apply identified new or existing best practices to another waste sector, Member State or
country, where not implemented previously, is presently not feasible. However in the scope of
the inventory some national projects with regard to assessment of secondary potential of MIN
or potential MIN valorisation have been found and reviewed that could be presented as good
practices and are summarised in the Table 63. Detailed description of the projects is given in
the subSections.
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Table 63: Summary of good practices in national and international projects, which are relevant
for ORAMA case study selection
Project
VALODEM (France)

An Economic Assessment of Irish
Mining Waste (Ireland)
Potential recovery of mineral
resources from mining tailings of
abandoned mines in Portugal

Good practice
Methodology to select interesting mine sites out of existing national
databases that were compiled with other purposes, such as waste
management or environmental concerns.
Methodology on how to use an Inventory of closed and abandoned
mining sites for examination of secondary potential of the MIN and
selection of deposits, interesting for resource recovery.
An example on how to use an national inventory of mining sites with
regard to environmental impact in order to select interesting sites for
further investigation with regard to resource recovery.

Future Potential from Mining
Wastes: The Role of the National
Inventory of Closed Mining Waste
Facilities in the Service of the
Potential Assessment of Secondary
Mineral Raw Materials
Red Mud Valorisation (Hungary)

A case study on how to use information from national inventories of
closed mining waste facilities to support the estimation and assessment
of secondary raw material potential.

SmartGround project

Several good practices exist: MIN deposit characterisation
methodology validated through pilot case studies, geochemistry
prediction models, open-source databank platform with a web frontend (portal).

A good practice on deposit characterisation research - how much
information is needed to give a good evaluation on MIN deposit (in this
case on red mud).

VALODEM project
In France a project entitled VALODEM was carried out dedicated to identify interesting
national mining wastes that could possibly be reprocessed to recover metallic commodities
(base- but also strategic or critical metals). The final objective was to select case studies for
further sampling, laboratory experiments and pilot operation, to test modern recycling
processes for metal recovery. The project results and related methodology were presented in
several papers (Bellenfant et al. 2013; Guézennec et al. 2013; Bertrand et al. 2015) and are
summarised here. The selection of interesting sites consisted of three main steps: (1) selection
of pertinent criteria (waste quantities, metal content, waste age, metallogeny, mineralogy,
process characteristics, etc.) to select wastes deposits for re-processing; (2) combination of data
from several databases (ProMINE, Dechminue; BDSTM); (3) selection of a limited number of
pertinent sites through expert knowledge and gathering additional data from BRGM archives.
As a result 12 sites out of 86 documented former mining sites, which have been selected by
querying and cross-analysis of the databases, have been defined as interesting deposits. The 12
sites represent together approximately 20 Mt of interesting mining waste (the main
commodities which were exploited: Ge, Pb, Sn, Ta, W and Zn; minor critical, metals associated
being: Ag, Co, Ga, Ge, Li, Sb, Ta and W; strategic metals being Cr, Cu, Ni and Mo). As a pilot
case study former lead and silver mine site was chosen The whole study allowed evaluating
the possibility to recover significant amounts of Pb in a few % of the volume and a part of the
Ag content; also As which causes environmental issues was recovered to a certain amount.
The project VALODEM could be considered as a good existing practice methodology to select
interesting mine sites out of existing national databases that were compiled with other purposes,
such as waste management or environmental concerns. It is a fact that 18 EU countries have
created an Inventory of closed and abandoned mining waste in their country (European
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Commision) and thus have established a database with MIN information in some form.
Therefore existing practice can be used to encourage other Member States to select interesting
sites and report them to the common ProSUM MIN database. Furthermore French data have
been INSPIRE aligned, although have not yet been shared.
An Economic Assessment of Irish Mining Waste
In Ireland in the scope of the project entitled Characterisation of Mining Waste an economic
assessment of Irish mining waste was carried out. The project was dedicated to analyse samples
of mining waste from sites across Ireland, with an emphasis on their economic potential.
Samples were obtained from the previous Historic Mines Site - Inventory and Risk
Classification project (HMS-IRC) (Environmental Protection Agency Ireland 2009). The study
focused on Europe’s Critical Raw Materials (CRMs) and one of the aims was also to provide
an INSPIRE compatible dataset that can be directly contributed to the ProSUM project by
Geological Survey. Total of 176 samples from 9 mining districts were analysed after four acid
digestion with multi-element ICP-MS including Rare Earth Elements. In addition to the
standard analyses, numerous samples with high values of Pb, As, Cu, Zn, and Ag were analysed
for ore-grade values to ensure a complete dataset. Samples from one (Avoca) district were also
analysed for Au, Pd and Pt content via fire assay and ICP-AES finish. Estimates of the volume
of
mine
waste
material
at
each
site
were
adopted
from the HMS-IRC study. The examination of results showed that the majority of the discussed
historic Irish Mine Waste stockpiles can be dismissed as of no economic value, with exception
of the ones from Avoca mining district. In Avoca an interesting assemblage from an economic
point of view (high gold, silver, copper and Rare Earth contents) has been recognised, which
deserve further analysis in order to fully assess the quantity and value of the Avoca material.
In addition some other recommendations for further work have been given.
This project represents a good practice of how to use an Inventory of closed and abandoned
mining sites for examination of secondary potential of the MIN and selection of deposits,
interesting for resource recovery.
Potential recovery of mineral resources from mining tailings of abandoned mines in
Portugal
In Portugal a priority list of mining waste sites for further examination with respect to
estimation of their secondary potential has been carried out based on existing data and the
creation of the list is presented in the conference paper by Carvalho et al. (2016). Here a
summary is presented. The national EDM (Empresa de Desenvolvimento Mineiro) company is
covering the environmental rehabilitation of 175 abandoned mining areas identified in Portugal
and has gathered MIN datasets in the scope of the development of the inventory and
characterization studies of abandoned and degraded mining areas, followed by a risk ranking
assessment, as well as the development of environmental remediation projects and its
implementation ranking in to consideration the risk assessment prioritization. Because it is
believed that some of the sites have secondary potential a methodology was developed to select
interesting sites out of their inventory. For these two criteria were established; the exploited
commodity and the available volume of mining wastes. It was decided not to
include mining wastes from radioactive ores due to its specific environmental and legal
issues. Therefore waste from mining of polymetallic massive sulphides and gold-bearing quartz
veins were considered, where Au, Cu, Fe, Mn, Pb, Sb, Sn, W and Zn rich minerals were
exploited. Out of these datasets the ones more strategically or economically relevant in the
context of the secondary sources of raw materials were selected. As a result, 21 mining districts
having interesting waste deposits have been selected as the most promising for potential
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secondary sources of metalliferous minerals. It has been stressed that the selection of
interesting sites is of preliminary nature and future work is needed for proper secondary
potential estimation.
The presented study again represents a good practice of how to use a national inventory of
mining sites with regard to environmental impact in order to select interesting sites for further
investigation.
Future Potential from Mining Wastes: The Role of the National Inventory of Closed
Mining Waste Facilities in the Service of the Potential Assessment of Secondary Mineral
Raw Materials
Kiss and Horváth (2013) and Kiss et al. (2015) illustrated, with a case study in Hungary, how
the information (the quantity of material, environmental information, etc.) in national
inventories of closed mining waste facilities could support the estimation and assessment of
secondary raw material potential.
Red Mud Valorisation
The Alumina Plant in Almásfüzitő was the largest alumina plant in Hungary, it operated
between 1950 and 1997, producing tonnes of bauxite. The total area of the seven deposits in
Almásfüzitő is 1.76 km2 where over 15 million tonnes of red mud was disposed. MBFSZ
partners recommended an ongoing research project on the mentioned red mud in Hungary that
can be regarded as possible case study on mining waste valorisation. Basic information about
the red mud research can be found at http://redmud.hu/. The thickness of the deposited bauxite
residue is between 6-10 m depending on the exact location. These red mud deposits are owned
by a company (Tatai Environment Protection Co.) which has been dealing with
rehabilitation/remediation and the recycling of hazardous and non-hazardous waste. The
MFBSZ partners had the pleasure of visiting the red mud deposit with the participants of the
EGS MREG Meeting, where the owner company staff talked about the results on valorisation
and possible utilization of red mud. In the past few years they started a systematic step-by-step
exploration and research activity, in close cooperation with the universities. The detailed
investigation considers the mineralogical & geochemical features, the spatial distribution and
geostatistical parameters, the leaching studies and the possible utilization methods of the red
mud. In addition, MBFSZ partners attended a meeting of petrology and geochemistry where
the University of Szeged presented new results on red mud valorization. The new results
showed that the red mud is enriched in light rare earth elements and Sc, and the host mineral
of these elements is the cancrinite which formed during the Bayer process. So, the cancrinite
can be separated from the other parts of the red mud the extraction will be more effective.
Although this research project seems far from the goals of the ORAMA projects for the first
sight, if it is considered how much data stands behind this research (drilling& sampling,
chemical analyses) it can give a good practice on deposit characterisation research - how much
information is needed to give a good evaluation on MIN deposit (in this case on red mud).
SmartGround project
As mentioned in the Section 6.3 in the SmartGround project six extractive waste facilities were
investigated as pilot sites in order to obtain results for estimation of secondary potential. The
pilot site characterisation and results are available in the project deliverable D1.3 - Modelling
of potential sites (Valjus et al. 2017) and research papers (Dino et al. 2017, Rosseti et al. 2017)
and are summarised in this Section. The facilities from Finland, Italy and Hungary were
exhaustively studied. In Finland, for mine tailings of Aijala Cu mine, results from previous
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research has been reviewed and applied for visualisation, topographic surface of the site has
been produced, geophysical measurements to determine the dimensions and inner structure of
the tailings pond were used and geochemical characterisation of the samples collected with the
use of drilling was performed. In Italy two sites related with metal mining and 1 site related
with granite exploitation has been chosen. With regard to metal mining, Campello Monti
extractive waste from former Fe-Ni-Cu-(Co) mining and Gorno extractive waste and tailings
from Pb and Zn mining. For these sites no specific deposit data from previous research was
available, although for Campello Monti some geochemical data from subsurface (1 to 2 m
deep) samples near to the investigated sites were available indicating local concentrations of
Ni, Cr, Cu and some high concentrations of other elements were found. Therefore at both sites
deposit samples have been collected for geochemical characterisation for the first time with the
use of a hand shovel and hand drilling according to carefully prepared sampling plan. For both
sites volume was calculated based on IMAGEO data. With regard to granite exploitation
Montorfano EW site was characterised. Structural, granulometrical and stability properties of
the EW facilities, petrologic characterization of the bedrock and sampling was conducted in
order to describe the general characteristic of the waste deposits, evaluate the volume and carry
out geochemical characterisation. For all three Italy pilot sites also mineralogical and
petrographic characterization was carried out. In Hungary Rudabánya extractive waste from
sulphate exploitation and Pátka waste from fluorite ore processing plant were investigated. For
Rudabánya waste morphologic and topographic characterization has been carried out and
results from previous geophysical studies have been compiled to estimate volume. However
detailed compositional data are not yet available (some previous studies were found, but are
confidential). For Pátka waste morphologic and topographic characterization and surface
sampling and drilling was carried out for geochemical characterisation and volume estimation.
For all six study sites the results were used as input data for the mineral resource estimation
and for modelling. Modelling presented the basis for development of the SMART GROUND
Databank (SGD) and a databank platform with a web front-end (portal), where information
about the deposits has been shared publicly with the end-users after the project ended.
Similarly as in ProSUM in Smartground project a data model and platform for sharing datasets
of secondary resources was accomplished although the type of resources differ with exception
of MIN, which are included in both platforms. Both data models (ProSUM and Smartground)
were created based on knowledge from previous projects and existing national datasets,
however in Smartground project pilot case studies were additionally used for databank and
platform development. Such bottom up approach took into account the diversity of individual
deposit sites. SmartGround project consortium has several good practices to share with
ProSUM consortium and sharing of their datasets, data providers and stakeholders would be
very important in the future. Good practices in SmartGround are also related with deposit
characterisation methodology and geochemistry prediction models.
6.5.3.3 Selected MIN case study
Therefore, based on recommendations, proposed strategies and initial review of good practices,
it is suggested the mining waste case study focuses on examination and elaboration of national
MIN secondary resource datasets and relate them to ProSUM MIN collection and reporting
system, which has, due to poor dissemination and rather complexed harmonising protocols and
technical procedures, not yet been sufficiently understood by data providers.
As a result, the case study will attempt to create a non-technical practical roadmap for creating
and sharing national data sets into ProSUM database based on existing practices, which should
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be useful to WP4. The case study will support the action of creating clear and user friendly
guidelines for ProSUM based MIN data sharing, which will be the focus of WP4.
The case study will compose of two basic tasks:
Task 1: Acknowledge existing ProSUM datasets and describe the processes of data sharing by
gathering practical examples.
The ProSUM harvesting database review showed 7 countries have provided data. Further steps
to improve the shared datasets will be suggested as well as some of the existing data providers
will be contacted and asked to share their experiences with data sharing as examples in order
to recognise the operational flow practices. The practices will be summarized and described.
Task 2: Map examples of secondary resources national datasets that have not yet been shared
yet to ProSUM and elaborate their potential to be shared to ProSUM.
The references that have already been found and reviewed showed list of interesting deposits
has been created in France, Portugal, Ireland and Hungary. It has also been recognised some
countries have been involved in ProSUM, but the datasets were not yet successfully shared. It
is intended to work on these issues and address them within this case study.
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7 CONCLUSIONS AND RECOMMENDATIONS
7.1 Conclusions
7.1.1 Batteries
For batteries, a single well-structured source of battery products and compositions information
is missing. The data inventory shows that Eurostat publishes data with a very low level of detail
which is not designed to describe material content and does not allow quantifying material
flows. Moreover, data on industrial and automotive batteries are excluded from the scope of
the reported data. Besides coverage, the major data gaps in Eurostat relate to harmonisation
issues.
Alternatively, based on data from private organisations and research institutes, the Urban Mine
Platform provides a comprehensive picture of the stocks and flows of batteries and their
material content. The main challenges identified are related to the interoperability and internal
consistency of the data, leading to significant uncertainties in the estimates of the amounts of
secondary raw materials contained in batteries and waste batteries. The outcomes of the data
inventory is assessed and complemented with recommendations available in literature to
formulate recommendations and strategies to improve the data availability and make a robust
estimation of the materials stocks and flows associated with batteries possible in the future:
Next steps for WP3 (INSPIRE and Demonstration)
Due to the level of details of the data available in Eurostat, the lack of harmonisation and due
to significant data gaps, the existing official statistics on batteries do not enable to quantify the
amounts of materials available in the urban mine or expected to get available from the urban
mine. The data structure developed in the frame of PROSUM remains the most suitable for
representing stocks and flows associated with batteries. This structure includes a twodimensional classification of batteries distinguishing the electrochemical battery systems and
the applications with different levels of details. The codelists can be completed in case of the
market introduction of new applications and new electrochemical systems. The main
conclusion to keep the proposed classification without changes and focus on further fill the
main data gaps. Therefore, making no changes to the ProSUM Unified Data Model for batteries
is recommended for WP3.
Next steps for WP4 (Guidelines and Training Materials)
WP4 aims at sharing data and practices with actual data providers. For the closely related case
studies on electric vehicles and batteries, the main data providers are the manufacturers of
batteries for electric vehicles or their representatives like industry associations, the
manufacturers of electric vehicles or their representatives like industry associations, and the
public authorities in the member states responsible for the data collection. Technical guidelines
will be developed to explain to the different groups of stakeholders the goal of the data
collection and the concrete recommendations on how to collect the relevant the data and ensure
the quality. This includes clear guidance on the methods used to gather consistent data on
different stocks and flows of vehicles and vehicle batteries, the needed level of detail or
aggregation, and the documentation of the data collection.
Next steps for WP5 (Consultations and clustering activities)
ORAMA will contact the persons responsible for the projects listed at the end of Section 0. For
instance links with internal project mapping activities of the European Commission will be
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created or strengthened. Moreover, the battery team will support the linking at project level of
ORAMA to initiatives like the JRC - RMIS and the EIT Raw Materials.
7.1.2 ELV
First of all, it should be noted that none of the reviewed data sources have been established for
the purpose of quantifying secondary raw materials. It should therefore come as no surprise
that together they do not provide data that are adequate for producing a reliable estimate of the
amount of secondary raw materials, in particular scarce or critical metals, found in vehicles or
ELVs. For example, the ELV statistics provided by Eurostat, although giving some information
about selected materials and components, lack the level of detail to allow element-specific
calculations. Many rare and/or critical metals are used in car electronics, for which there is no
information in the ELV statistics. The statistics contain data on the main outputs of the ELV
treatment processes, e.g. shredder light fraction. These data are relevant but not sufficient for
quantifying specific metals. To produce such estimates it would be necessary to conduct largescale sampling and analysis campaigns in each country, as treatment processes differ
substantially.
Composition data included in this analysis (Auto-i/DAT) are also limited by their scope, as
they only include data on the presence of specific functions or devices in vehicles. Further data
on the composition of devices do exist in a structured format, e.g. through IMDS. However,
data in IMDS is owned by the individual manufacturers and is not made publicly available.
The reviewed data sources generally have a large geographical coverage and good timeliness.
The most important issues are related to interoperability and the internal consistency of the
datasets. The main issues identified are:
1. Interoperability between Eurostat fleet data and trade data (Comext and Comtrade) is
hampered by the use of different classification systems. Specifically, the Eurostat data
uses a different differentiation engine sizes than what is used in the trade data.
Moreover, the trade data only include differentiation of alternative drive train
technologies in very recent years.
2. Eurostat ELV statistics are for several reasons internally inconsistent, leading to a lack
of comparability between different countries. This is due to different practices in the
collection and calculation methods used. Specifically, some countries (France,
Germany, Ireland and the United Kingdom) use the "metal content assumption" to
calculate reuse and recycling rates, while the rest do not. It has been shown that the two
approaches can lead to very different results. Moreover, the transparency regarding
methods is low, since 1) the quality reports submitted with the data are not publicly
available, 2) as pointed out by Eunomia and others: even if they were made available,
they often would not provide sufficient information, as there are few requirements
concerning content and structure.
3. The data on presence of components or functions available through Auto-i-Dat/DAT
exist for individual vehicles or models. When aggregating to the entire fleet of a
country, it would therefore in principle be necessary to also have data on individual
vehicles or models registered in use. Although such data exist (every country has a
detailed database on registered vehicles), they are not publicly available. The same goes
for the Auto-i-Dat/DAT data, although access has been granted for a study on critical
and precious metals in vehicles in Switzerland.
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4. The Auto-i-Dat/DAT data lack internal consistency. The data is originally prepared for
the purpose of looking at the equipment level of single vehicles, not for analysing the
entire data set. Hence, devices or functions that are in reality the same are often named
differently by different manufacturers, leading to difficulties of aggregation.
A set of prioritised recommendations was developed based on a review of recent research
reports and stakeholder feedback related to the ELV directive (see chapter 7.2.2). Most of these
recommendations are targeted towards industry itself and institutions that collect data (such as
Eurostat) and are on a general level (e.g. to establish working groups).
Next steps for WP3 (INSPIRE and Demonstration)
In the proposed case study on electric vehicles and batteries there will be a particular focus on
the structure and level of detail in the classification of vehicles. It is foreseen that the case study
will lead to a concrete recommendation to revise the vehicle keys used in ProSUM so that they
are suitable for estimating SRM content in electric and hybrid cars (e.g. by replacing the current
engine size classes with power classes instead).
Next steps for WP4 (Guidelines and Training Materials)
As stated above, it is expected that the case study will lead to some concrete recommendations
regarding revision of the vehicle classification systems used e.g. by Eurostat and ProSUM,
which would also feed into the guidelines and the training materials. Further guidelines and
training materials will focus on establishing the data framework necessary for managing and
forecasting future electric/hybrid vehicle battery flows.
Next steps for WP5 (Consultations and clustering activities)
In terms of consultations and clustering activities (WP5), we emphasize the need for increased
communication and involvement between different stakeholders, especially the automotive
industry itself and representatives of the European Commission.
7.1.3 WEEE
The inventory of data collection methods currently used in national registries and across
Member States provided an overview on how they are reporting (W)EEE information and who
the key data providers are.
Placed on Market data are generally available for the EU Member States due to the reporting
obligations of the WEEE Directive for many years. However, the data quality and completeness
of this data need to be improved in order to be able to produce data for the SRM content in
(W)EEE. The ProSUM project indicates that ideally data at UNU key level is gathered for both
the market inputs as well as outputs, in order to link and estimate with compositional
information how much CRM are present in each relevant flow (POM, collected, waste
generated, metal scrap, waste bin among others). Therefore, in the course of the last years the
ProSUM used classification is aligned with the common methodology established by the
European Commission (Implementing Regulation 2017/699). However, on Member State
level, there is no common reporting mechanism in place that is describing all information for
each life-cycle stage for the 54 categories used as UNU-keys. Additionally, ensuring updates
of the data in the future is also not arranged.
In the assessment inconsistencies are found in the definition of WEEE collected among
Member States hindering the comparability. The unclear boundaries between various stages
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and actors within waste management systems make it difficult to monitor the full whereabouts
of the WEEE streams. The most noticeable data gaps, and gaps in monitoring protocols are:
 Conversion of classifications. A standardize methodology for all Member States to
convert WEEE data from 10 to 6 categories would be advisable as some Member States
choose to report in a different manner to the main categories. The European
Commission however, made available a tool for Member States to estimate the WEEE
generated in a standardized way which in the future will require some further
improvements such as for example better national customisation of the figures,
lifespans and product composition of the POM data used to calculate the WEEE
generated. Next to that, the tool contains data to 2014, and future updating of the tool
is uncertain.
 The SRM content is difficult to calculate with the currently available data sets, due the
fact that current collection reporting is done (as averages) per collection category and
not at product level. This is a clear obstacle for quantifying material losses, since in
many cases valuable components from products are missing before being treated and
thus not reported. Currently the value of the output fractions (material, composition,
flow) before and after the treatment of products cannot be determined due to this data
gap. ProSUM highlighted the relevant impact of scavenging in WEEE data reported.
Obviously, more detailed reporting is costly, however, the economic relevancy is
equally high (Magalini and Huisman 2018).
 Complementary flows form a very relevant data gap, since it includes all waste flows
that are not reported at national level under official compliance systems and potentially
represent both a significant leakage as well as source for recovery of SRM due to their
value. By quantifying and reporting these flows, better material flow analysis and
monitoring of circular economy and collection indicators can be made. This in turn
supports identification of potential gains and losses and interventions were needed
mostly. Member States in turn can then develop measures how to bring stakeholders
active in the non-reported flows to become part of the legal system and to adhere to the
treatment requirements in particular to avoid an uneven economic level playing field
(Magalini and Huisman 2018).
The CWIT and ProSUM projects provided estimated data of WEEE flows at Member State
level, including Switzerland and Norway. There is no official data on complementary WEEE
flows. One of the main gaps analysed from this inventory is that there is no clear connection
between reported collection and actual treatment volumes. The latter also includes
complementary recycling flows originating from scavenging of both components and products
with relatively high reuse and recycling values. Some indirect Eurostat data is provided
intermittently regarding the volumes of metal scrap and household waste containing certain
percentages of WEEE, but the totals do not possess sufficient granularity to characterise waste
flows.
In the case of composition Eurostat WEEE data is obviously not designed to describe nor
collect data on the composition of the collection volumes from Member States. Here,
compliance schemes are a valuable source of information for the composition of the (W)EEE
as they collect existing information and sometimes carry out further studies and benchmarking.
However, such data is not centrally collected, not classified consistently and rarely exchanged
between countries.
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Next steps for WP3 (INSPIRE and Demonstration)
The demonstration of the feasibility of recommendations provided in this document will be
basis of Deliverable 2.3 which will serve as proof of concept for construction of protocols and
market survey to potentially improve the data collection of SRM, by execution of a case studies.
This will be the groundwork for WP3 as a proof of concept for the elaboration of guidelines
and improvement of data models, and classification systems.
Next steps for WP4 (Guidelines and Training Materials)
The templates, classification and protocols for conducting more in-depth research, in particular
in the form of national country studies are a key ingredient for the training materials and
guidelines to be produced for WP4. The case study and other existing materials, tools, survey
templates and experiences in organising such studies with many cooperation can provide a
good basis or toolbox for individual countries that can conduct various levels of country studies
(European Commission Workshop 2018).
Next steps for WP5 (Consultations and clustering activities)
Projects listed in Section 4.1.5 will be contacted in order to exchange information regarding
recommendation on how to improve data collection at a national and European level.
Moreover, communication with the projects identified and the ORAMA team will help in the
identification of the needs and potential synergies among them. Furthermore, their input will
be included in the next steps in WP 3, 4 and 5 and in the elaboration of guidelines and
workshops where they can participate and provide further input. An additional WEEE – all
actors report workshop is already planned for December 2018, with ORAMA presentation and
exchange of recommendations.
7.1.4 PV panels
PV panel data on POM, waste collected, treated, recycled, recovered, and prepared for reuse is
included in Member State’s WEEE data since the respective implementation of the recast
WEEE Directive (2012/19/EU). However, it is not separately reported, but included in the data
for category 4 among other large WEEE appliances. For this reason, the Eurostat guidance on
WEEE reporting asks for voluntary reporting of PV panels as sub-category. This was done by
four MS in 2015 (reporting for 2016 has to be done until 30 June 2018 – while writing this
report it therefore was unknown if further MS will report PV panel data). However, since PV
panel are quite a different product compared to other EEE and collection and treatment paths
are equally different compared to other WEEE, it can be assumed that the key data on POM,
WEEE collected, treated, etc. is to be identified at the level of PROs/ producers and collection/
treatment facilities.
A reliable data source for POM data on PV panels are the national statistics on renewable
energy. This information is usually provided as the installed capacity and not in weight. For
making a direct and meaningful conversion, a time dependent conversion factor from MWp to
tonnes has to be defined. Due to technological development this correlation changes from year
to year as well as per PV panel technology type. Concerning future available SRM amounts,
the PV panel type as well as the technical development over the time both have a strong
influence on the composition.
Another key and uncertain parameter necessary for determining PV panel waste volumes is the
residence time. Stocks and waste potential can be calculated with sales and residence time.
Several studies developed Weibull functions for this purpose and dealt with the question of
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early losses. However, since these panels have a long lifespan, still relatively little information
is available here.
Since the amount of PV panels strongly influence POM as well as waste collected data, separate
reporting should be conducted on the influence of relatively delayed waste generated volumes
on the collection rate ratio for category 4 together of Annex III of the Recast WEEE Directive.
Since POM can be quite high for certain Member States and PV waste collection is bound to
long residence time, the reported collection rates for category 4 can be much lower than for
categories with saturated markets and comparatively short lifespans. This influences the overall
collection rate although this does not mean necessarily that PV Panel waste is not collected.
Hence, the recommendation to split the reporting and collection rate into a category 4a large
equipment and category 4b PV panels, like done in some countries like France. Concerning
composition data, as well as the conversion factors from MWp to ton changes over time, this
should be further analysed and taken into account when forecasting the SRM potential of PV
panels.
Next steps for WP3 (INSPIRE and Demonstration) and next steps for WP4 (Guidelines
and Training Materials)
The prioritized recommendations and the discussion of their feasibility provided in this
document will be basis for the PV Panel case study of D2.3. This case study will serve as proof
of concept for dynamized data on composition and weight-to-power ratio as well as further
investigate the possibility e.g. to get more detailed information on POM (level of PV Panel
technology type).The obtained results will prospectively support the work of WP3
(classification/characterization; dynamized data) and WP4 (guideline composition data,
sampling campaign protocol). Furthermore, it will provide more elaborated recommendations
concerning official and industry statistics.
Next steps for WP5 (Consultations and clustering activities)
Concerning the work of WP5, from the projects listed in Section 0, especially those still
ongoing will be contacted and – due to the need of harmonized data – be asked on their opinion
on providing data following the revised classification/ characterisation. Further, they will be
asked for delivering concrete data. Moreover, industry associations providing reports regularly
will be contacted.
7.1.5 Mixed Metal Scrap
With regard to POM of metals, data from globally acting metal associations exist. Although
classification systems on alloy type level exist, this knowledge is currently and foreseeably not
linked to production and use statistics.
Concerning data on waste collected and treated reporting according to the LoW gives some
further information on amounts of different metals, but again this knowledge cannot be linked
to the level of alloy types. Further, the reporting of the Member States to Eurostat only follows
three different categories for MSCRAP according to the EWC-stat categories.
Similar to ProSUM, the MinFuture project emphasizes the urgent need for harmonization of
classifications in order to correctly interpret and use existing data in (Petavratzi et al. 2018).
Although the use of metals and the arising of metal waste are highly relevant with regard to the
circularity of CRMs, this topic was not further addressed in D2.2 and will also not be addressed
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in D2.3 since data availability remains poor, inhomogeneous and too costly and time
consuming to be tackled. Hence, a sound analysis would mean a too large effort which is not
achievable within the ORAMA project. However, further research projects should deal with
this issue and try to track the use and waste generation of metals in mixed metal scrap per alloy
type.
7.1.6 Mining Waste
The examples of national data sources and collection practices (Hungary, Ireland, Norway and
Slovenia) showed that mining waste data information and its handling in the involved countries
are very diverse. Although in Hungary, Ireland and Slovenia comprehensive datasets of closed
and abandoned mining waste facilities have been gathered to comply with Article 20 of the
Directive 2006/21/EC, the datasets structures and information gathered in the involved
countries are different due to the inconsistency of application of the criteria for classification
of waste facilities. Moreover, the review of EC studies on extractive waste showed that data
about closed and abandoned mining waste facilities have been gathered in additional 16
countries (Belgium, Bulgaria, Cyprus, Czech Republic, Estonia, Spain, Finland, France,
Greece, Italy, Portugal, Romania, Sweden, Slovakia and England) and is accessible online in
different formats (pdf, excel or web page), although mostly in national language, which greatly
limits the assessment of national mining waste information. Nevertheless, in depth assessments
of the inventories have been made by EC, which showed over 3,400 closed and abandoned
waste facilities have been officially registered in EU in the scope of the Directive 2006/21/EC.
The inventory of EU data sources showed many completed and ongoing projects attempted to
improve knowledge on mining waste with regard to secondary resource potential. The
information found is very diverse and is related to various topics, such as critical raw materials,
environmental impact, data harmonisation and infrastructure, data classification, etc.
A review and assessment of EU collection methods in the scope of the Directive 2006/21/EC
revealed that the national information about extractive waste facilities with environmental
impact is inconsistent due to the lack of official guidelines for classification of mining waste
facilities, which pose particular health and environment risks. Consequently, national level
information still lacks being collected in a harmonised way at EU level.
Assessment of EU collection practices applied in ProMINE, Minerals4EU and ProSUM project
revealed substantial progress has been made to establish an INSPIRE complied collection
framework and a common database for harmonised mining waste information. The collection
framework has been developed to such a level that information is collected directly from the
competent organisation national database and as such information is of high reliability, which
is very important to the end user.
Assessment of EU collection practices also revealed two different long-term frameworks for
MIN data collection have been created, one within ProSUM and the other within SmartGround
project. Both were released in 2018. This is relatively inconvenient, because as a consequence
different harmonised classification templates, collection frameworks and reporting platforms
were established and existing datasets and data providers got dispersed. In addition, a basic
weakness of both platforms is that the developed collection framework is not official.
Consequently, data provided to the common database are scarce and are coming from the
organisations, which are interested to provide information to the common database, either on a
voluntary basis or in the scope of EU projects. Furthermore, existing datasets are in majority
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of poor quality (only basic information is provided) and therefore estimation of secondary
potential is not possible, with exception of few case studies in SmartGround project.
Taking into account the inventory of national and EU data sources, MIN data collection
practices and the review of existing and general recommendations, strategies for further work
were suggested with the intention to help enhance MIN secondary potential data quality and
availability in existing EU collection practices. The recommendations for further work are
focused on four different topics (classifications, stakeholder involvement, monitoring and
research) that were divided in 3 different categories (composition content, stocks and flows,
final recovery rates). The recommendations of stocks and flows were very basic, because the
mentioned two topics are still very poorly understood with regard to MIN secondary resources.
ProSUM existing practices have been examined in detail and following work is for WP3 and
WP4 in suggested.
Next steps for WP3 (INSPIRE and Demonstration)
Because MIN deposits have a spatial dimension, the ProSUM based INSPIRE compliant
framework for MIN data collection and reporting is reasonable in the long-term future. Due to
lack of MIN information in existing datasets no suggestions of improvements of existing MIN
data model structure have been foreseen for WP3. As described in the Section 6.5.3 the
communication with existing providers, identification of errors in harmonised national
databases and improvement of harvesting methods has already been established within
ORAMA and is ongoing. Therefore, the WP3 should continue improving operational flow of
ProSUM data collection and reporting, especially:
 Identify technical errors in the harvesting system and harmonised national databases;
 Describe and summarise the technical errors in harmonised national databases for
future data providers (in order to avoid making the same errors, when establishing new
national databases);
 Elaborate the future ProSUM application/web portal for MIN information sharing and
explain better its future use with regard to the end users. To this date the information
from seven data providers has been successfully harvested, but is still not reported in
the on-line application as it was aimed in ProSUM. The issues of why is that so should
be clearly explained, addressed and resolved as soon as possible in order to share the
information with the end users (stakeholders). When this will be accomplished the
current status of MIN dataset availability and related issues will be more easily
communicated with the interested stakeholders as well as existing and future data
providers.
Next steps for WP4 (Guidelines and Training Materials)
The inventory of MIN data collection practices and existing data availability has shown that
primarily it is still a challenge to engage data providers, motivate them to conduct national
datasets of interesting deposits as well as to harmonise and share the datasets with INSPIRE
compliant framework developed within ProSUM. It has been shown that presently only some
of the EGS members have been identified as organisations who aspire to share the MIN datasets
from their existing national databases. Therefore the priority task for WP4 is:
 Develop a strategy to attract new data providers.
 Develop clear and user friendly guidelines for sharing of national datasets to ProSUM
database accordingly with ProSUM data model is necessary. It has been shown that
confusion and misunderstanding occurs when providing data according with ProSUM
system. For example current information about how to share national MIN data to the
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common database is fragmented within the cookbooks, software and scripts, which are
found on SVN-server at GEUS (http://data.geus.dk/svn/m4eu/) as well as in various
ProSUM project deliverables. Consequently a lot of effort is needed from a data
provider’s point of view to understand why and how to share data.
Next steps for WP5 (Consultations and clustering activities)
Undoubtedly many interesting clustering projects with MIN content interesting to ORAMA
tasks are identified in WP5, but some prioritisation is needed.
It would make sense that developers of ProMINE, ProSUM and SmartGround platforms would
unite experiences, knowledge and networks (data providers, stakeholders) and strive toward
only one common EU MIN secondary resource classification, collection framework and
reporting system. Therefore, clustering of the mentioned project networks (project consortium,
data providers, and stakeholders) is crucial to share best practices. As a result (long-term)
clustering should help to create a single model for data harmonisation and a single collection
and reporting system that would be united under a single organisation.
Important clustering project is also RESEERVE project (a RIS (Regional Innovation Scheme)
project within EIT (Education, Innovation Technology) Raw Materials programme). Synergies
of the project are foreseen with regard to improving spatial coverage and data availability in
existing ProSUM platform. RESERVEE has been carrying out activities related with
identification of relevant data providers and examination of data quantity, quality and format
for mining and metallurgical waste in the ESEE region. In addition, RESERVEE tasks include
synthesis and creation of common datasets as well as harmonisation of datasets according to
existing EU guidelines. Therefore, the RESERVEE intermediate results will be interesting for
ORAMA WP4 workshop.
Consider the RIS RECOVER project, which aims to, among other things, identify the present
conditions of selected mining and metallurgical waste deposit sites (Pb, Zn, Cu, As, Cr ..) of
Republic of Macedonia and examine how much metals remain within the deposit and how can
the remaining metals be technologically (identification of possible processing techniques) and
cost-efficiently recovered (Mladenovič et al. 2018). An important aspect of the project is as
well “zero waste approach”, which means the material, which would remain after metal
recovery, would be used for applications in construction.
Consider also the RE-ACTIVATE project that aims to establish a Network of Infrastructure
(NoI) of experts throughout EIT Raw-Materials community, developing superior technical
infrastructure to create synergies to merge and further develop advanced technologies and
methodologies for re-activation of former mine sites. The NoI will also be the single point of
contact for any relevant expertise in the particular fields.

7.2 Recommendations
In general, the publication of data on stocks and flows of batteries, electronics and vehicles
depends on the interlinked efforts of a chain of stakeholders, including the experts and
organisations collecting and provide data (e.g. public authorities, manufacturers, industry
associations, market research institutes), the persons responsible for preparing, compiling and
consolidating the data (e.g. research organisations) and organisations that develop, create,
operate, maintain and update the databases and platforms making the data available (e.g. public
organisations like Eurostat or private organisations like the Urban Mine Platform). To make
the chain working on the long term, both the willingness of the stakeholders to participate and
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the corresponding funding are required. A general recommendation is therefore to make sure
that the necessary incentives and funding are available.
7.2.1 Batteries
For batteries, the harmonisation of definitions and methods used to collect data is a key issue
to make data comparable and useful to estimate material flows. This concerns for example the
classification of batteries as portable, automotive or industrial. The data collection efforts done
by the European Commission should be extended to industrial and automotive batteries,
especially considering the future importance of batteries in electric vehicles in terms of mass
and content of CRMs. Furthermore, the level of detail and the representativeness of the data
can be increased, because quantifying the flows of CRMs requires linking composition data
with data on quantities of batteries, differentiating the different types of chemical systems of
batteries. This implies a systematic collection of data on composition of batteries in cooperation
with producers.
Very little data are available on unregistered batteries, including the batteries sold by free
riders, imported and re-exported, on batteries integrated in EEE and vehicles and on waste
batteries in further waste flows (municipal solid waste, packaging waste, etc.). A closer
cooperation with the WEEE and ELV reporting obligations would be helpful, for example by
implementing mandatory requirements for EEE producers to provide information on weights
on integrated batteries (Hogg et al. 2017).
Gathering knowledge on the stocks and residence times of batteries in households requires
periodic and systematic surveys of households by means of sampling campaigns to measure
the age and types of waste batteries collected in the member states. Efforts are done in some
countries. They should be improved and extended to further countries.
Beyond the collection of data, data checks, compilation and consolidation are needed to
identify discrepancies, understand their origin and improve the data. This task could be
performed by researchers.
7.2.2 ELV
Lack of comprehensive and reliable data on the composition of vehicles remains the main
limitation. This greatly inhibits the accurate estimation of secondary raw material potentials,
especially for geochemically scarce, critical and/or strategic metals. Moreover, the absence of
detailed information on the location of SRMs in vehicles (hot-spots) prevents the design of
appropriate policies to encourage material-specific recovery and may lead to lost opportunities
for car dismantlers to target SRM-rich components. There are two ways of obtaining data on
the composition of vehicles (or any other product): 1) obtain the data from manufacturers (e.g.
through bill of materials), 2) take samples of waste components and perform chemical analysis.
Due to the complexity and diversity of car components, the cost of analytical procedures, and
unavoidable uncertainties, the only feasible route to comprehensive data is via manufacturers.
Although huge amounts of data are being collected by car manufacturers (e.g. in the
International Material Data System (IMDS)), these data are subject to strict confidentiality
agreements with suppliers of parts and are generally not available to inform research or
policies. As a first step towards utilizing the existing (but confidential) data to improve the
circularity of specific materials in the sector, it is recommended that a working group is
established. This working group should include representatives from the European
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Commission, the European Automobile Manufacturers' Association (ACEA), the European
umbrella association for the national associations of automotive recyclers (EGARA), the
International Material Data System (IMDS), the International Dismantling Information System
(IDIS) and researchers in the field of ELV management and recycling.
Composition data for vehicles generally suffers from lack of harmonized classification systems
(for vehicle subsystems, components and materials). This applies not only individual studies
with different data sources (e.g. based on IMDS data vs. based on data from sampling and
analysis), but also within industry databases such as the IMDS or the data systems offered by
the DAT group. In general, there is a need for standardized data formats to facilitate cumulative
research based on reuse of data, to enable data to be used in other fields. Considering these
needs, we recommend the development of an online data repository for composition data,
covering any anthropogenic (human-made) materials and objects. Such a data repository would
provide an opportunity to define standardized data formats and thereby contribute to the
harmonization of data on secondary raw materials.
The integration of more SRM-related data in the International Dismantlers Information System
(IDIS), using IMDS as a source, would improve the possibility for dismantlers to take
recycling-oriented decisions. To make this possible, it is recommended that a harmonization
effort between these two systems takes place. This development will have to be driven by the
industry itself.
The main limitations of stocks and flows related data on vehicles in Europe are the lack of
harmonized data collection procedures, accurate information the registration status of vehicles
and other information related to unknown whereabouts of ELVs. It is therefore recommended
to mandate improved reporting on the stock of vehicles and status of registrations. This would
among other things involve a more detailed classification of vehicles by Eurostat, e.g. taking
into account the power of electric vehicles. In general, it is recommended that the tracking of
vehicles of "unknown whereabouts" is improved. Finally, it is recommended that the quality
of data is improved through the implementation of robust data verification procedures.
7.2.3 WEEE
Based on the identification of data gaps/ barriers and on the analysis of recommendation of
projects mapped in WP5 the following recommendations can be drawn:
Member States ideally should report using standardized and harmonized classification system
and methodologies, furthermore, disseminate them among the corresponding actors, provide
quality reports. For instance, to a centralized agency that could validate data, perform gap fillers
estimations, and coordinate the development of guidelines on SRM.
Reporting of information to Member States should be extended to EEE composition and
complementary flows (waste bin, exports, scavenging). Exports, Scavenging of components
and complementary recycling of products should be reported by recycling facilities in order
to identify what type of products and valuable materials prior processing following the socalled all-actors report concept (See the CWIT report: Huisman et al. 2015).
WEEE data reporting framework should be further integrated with other frameworks of
national statistics. Such as the national Material Flow Accounts (MFA), the System of National
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Accounts (SNA) and Multi-regional Input-Output (MRIO) databases, such as EXIOBASE or
WIOD. This will enable to calculate societal, financial and environmental impacts of the SRM.
Next to compositional data per product, manufacturers should start to report on the use of
recycled material used in manufacturing process, and the origin of the volume. This would
greatly facilitate the monitoring of the circular economy and it’s indicators for WEEE in
Europe. Such data can be obtained and better incorporated from business statistics, or
environment statistics.
Better traceability of imports and exports of e-waste in Europe, but also imports and exports of
used-EEE appliances and re-imports for final treatment in Europe from other continents.
Countries could set up a register for that, or at EU level, international trade statistics can be
adopted for example to better distinguish waste from 2nd hand appliances in this respect (See
the CWIT report: Huisman et al. 2015).
7.2.4 PV Panels
Since PV Panels will influence the future WEEE waste stream and the collection rate strongly
and do contain relevant amounts of metals (e.g. Al, Ag, In, Ga, Cd and Te) it is necessary to
better understand the dynamics of its stocks and flows – in total numbers as well as on material/
element level.
Important strategies are to receive separate figures on PV Panels under the monitoring
according to the WEEE Directive and to evaluate the need of country specific values for the
share of the different PV Panel technology types. If this is necessary in order to conduct sound
MFA’s, it should be investigated if such data can be provided voluntarily first by producer
organisations or by official energy statistics.
Concerning the change of the material composition of PV Panels over time, the dynamics in
the composition and weight-to-power ratio data seem useful to be described to improve
prospections of future SRM potential.
Concerning the generation of concrete data, researchers as well as producers and operators of
treatment/ recycling facilities should be provided with guidelines and protocols that enable
them to contribute data for platforms like the UMP.
Last but not least, concerning the fulfilment of the WEEE collection rate target, the influence
of PV Panels should be shown per MS and based on this and the stock and flow modelling
separate collection targets should be derived and discussed (based on assessments there were
already conducted by EU COM/ DG ENV).
7.2.5 Mining Waste
Relevant recommendations from the completed projects ProSUM, SCRREEN, COST MINEA,
MinFuture and SmartGround are reviewed and in summary following future work was
recommended:
1. Collection of new data that would enable estimation of resource potential- research of
MIN (deposit characterizations),
2. Improvement of data/ information exchange,
3. Establishment of key organisation in charge of data harmonisation, and reporting,
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4.
5.
6.
7.
8.

Investigation of MIN stocks and flows,
Identification of recycling system for MIN (processing sites),
Creation of a functional database for MIN related information,
Development of a classification system for MIN resources,
Development of guidelines for MIN characterisation (methodology).

ORAMA has focused of the recommendation from ProSUM project (refinement of data
gathering process) with intention to improve the quality of datasets in ProSUM database. The
spatial coverage has already been improved although the improvement of quality of datasets is
not possible, since datasets are already of low quality within national databases – in majority
cases no composition information or volumes is available, just basic information, such as
spatial occurrence and type of mining waste. Therefore, an important barrier towards
assessment of secondary resource potential of registered deposits is a lack of representative
chemical characterisation and in some cases volume information. Proper characterisations of
deposits are crucial future step toward improved national datasets and their usefulness for
interested stakeholders. In parallel potential processing techniques and recycling companies
should be elaborated. In order to improve spatial coverage data providers must be identified
and trained by ProSUM database experts.
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Annex 1: Detailed description of the UNU product classification
UNU
KEY

Description

0001
0002
0101
0102
0103
0104
0105
0106

Central Heating (household installed)
Photovoltaic Panels (incl. inverters)
Professional Heating & Ventilation (excl. cooling equipment)
Dish washers
Kitchen equipment (e.g. large furnaces, ovens, cooking equipment)
Washing Machines (incl. combined dryers)
Dryers (wash dryers, centrifuges)
Household Heating & Ventilation (e.g. hoods, ventilators, space
heaters)
Fridges (incl. combi-fridges)
Freezers
Air Conditioners (household installed and portable)
Other Cooling equipment (e.g. dehumidifiers, heat pump dryers)
Professional Cooling equipment (e.g. large air conditioners, cooling
displays)
Microwaves (incl. combined, excl. grills)
Other small household equipment (e.g. small ventilators, irons,
clocks, adapters)
Equipment for food preparation(e.g. toaster, grills, food processing,
frying pans)
Small household equipment for hot water preparation (e.g. coffee,
tea, water cookers)
Vacuum Cleaners (excl. professional)
Personal Care equipment(e.g. tooth brushes, hair dryers, razors)
Small IT equipment (e.g. routers, mice, keyboards, external drives &
accessories)
Desktop PCs (excl. monitors, accessoires)
Laptops (incl. tablets)
Printers (e.g. scanners, multi functionals, faxes)
Telecommunication equipment (e.g. (cordless) phones, answering
machines)
Mobile Phones (incl. smartphones, pagers)
Professional IT equipment (e.g. servers, routers, data storage,
copiers)
Cathode Ray Tube Monitors
Flat Display Panel Monitors (LCD, LED)
Small Consumer Electronics (e.g. headphones, remote controls)
Portable Audio & Video (e.g. MP3, e-readers, car navigation)
Music Instruments, Radio, Hi-Fi (incl. audio sets)
Video (e.g. Video recorders, DVD, Blue Ray, set-top boxes) and
projectors
Speakers
Cameras (e.g. camcorders, photo & digital still cameras)
Cathode Ray Tube TVs
Flat Display Panel TVs (LCD, LED, Plasma)
Small lighting equipment (excl. LED & incandescent)
Compact Fluorescent Lamps (incl. retrofit & non-retrofit)
Straight Tube Fluorescent Lamps

0108
0109
0111
0112
0113
0114
0201
0202
0203
0204
0205
0301
0302
0303
0304
0305
0306
0307
0308
0309
0401
0402
0403
0404
0405
0406
0407
0408
0501
0502
0503
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EU-6: recast
Directive
(2012/19/EU)
4
4
4
4
4
4
4
4

EU-10:
Directive
(2002/96/EC)
1
4
1
1
1
1
1
1

1
1
1
1
1

1
1
1
1
1

5
5

1
2

5

2

5

2

5
5
6

2
2
3

6
2
6
6

3
3
3
3

6
4

3
3

2
2
5
5
5
5

3
3
4
4
4
4

5
5
2
2
5
3
3

4
4
4
4
5
5
5
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0504
0505
0506
0507
0601
0602
0701
0702
0703
0801
0802
0901
0902
1001
1002

Special Lamps (e.g. professional mercury, high & low pressure
sodium)
LED Lamps (incl. retrofit LED lamps)
Household Luminaires (incl. household incandescent fittings &
household LED luminaires)
Professional Luminaires (offices, public space, industry)
Household Tools (e.g. drills, saws, high pressure cleaners, lawn
mowers)
Professional Tools (e.g. for welding, soldering, milling)
Toys (e.g. car racing sets, electric trains, music toys, biking
computers, drones)
Game Consoles
Leisure equipment (e.g. sports equipment, electric bikes, juke boxes)
Household Medical equipment(e.g. thermometers, blood pressure
meters)
Professional Medical equipment (e.g. hospital, dentist, diagnostics)
Household Monitoring & Control equipment (alarm, heat, smoke,
excl. screens)
Professional Monitoring & Control equipment (e.g. laboratory,
control panels)
Non- cooled Dispensers (e.g. for vending, hot drinks, tickets, money)
Cooled Dispensers (e.g. for vending, cold drinks)
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3

5

3
5

5
5

5
5

5
6

4
5

6
7

6
4
5

7
7
8

4
5

8
9

4

9

4
1

10
10
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Annex 2: Overview of data availability of WEEE in Eurostat
Data inventory for WEEE on Eurostat (green – data available; yellow - data (partially) available, but not always publicly available; red - no data
available; grey - for certain fractions, there was no data available in all years)
Gen.

1) COLLECTION
Officially reported collection

0 a)

2) TREATMENT (sorting, pre-processing,…)

Complementary flows

Mass and specification of waste

3) RECYCLING (i.e. material recycling)

Plant information

Mass and specification of waste

Plant information
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Annex 3: General overview of data availability for WEEE
General data inventory: overview and evaluation of data availability for WEEE EoL information for EU28+2 (green – data available; yellow - data
(partially) available, but not always publicly available; red - no data available)
Gen.
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Officially reported collection

2) TREATMENT (sorting, pre-processing,…)
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3) RECYCLING (i.e. material recycling)
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on Member s tate l evel

AUT
BEL
BGR
CYP
CZE
DEU
DNK
ESP
EST
FIN
FRA
GBR
GRC
HRV
HUN
IRL
ITA
LTU
LUX
LVA
MLT
NLD
POL
PRT
ROU
SVK
SVN
SWE

Austria
Belgium
Bulgaria
Cyprus
Czech Republic
Germany
Denmark
Spain
Estonia
Finland
France
United Kingdom
Greece
Croatia
Hungary
Ireland
Italy
Lithuania
Luxembourg
Latvia
Malta
Netherlands
Poland
Portugal
Romania
Slovakia
Slovenia
Sweden

CHE Switzerland
NOR Norway
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Annex 4: Total WEEE treated per Member States in tonnes
Country
/
Time
Austria
Belgium
Bulgaria
Cyprus
Czech
Republic
Germany
Denmark
Estonia
Greece
Spain
European
Union
Finland
France
Croatia
Hungary
Ireland
Iceland
Italy
Liechtenstein
Lithuania
Luxembourg
Latvia
Malta
Netherlands
Norway

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

19,296
68,234
:
3,487

62,629
76,115
:
4,510

64,525
81,842
19,654
:

74,754
88,969
32,962
:

75,562
99,478
32,299
2,285

74,255
103,823
44,948
2,336

75,464
110,196
38,977
2,725

77,402
112,230
37,637
2,514

76,835
116,775
33,077
2,191

77,726
116,345
41,457
2,194

80,246
112,281
58,313
:

:
:
:
:
255
:

:
741,920
57,034
4,814
9,815
:

35,732
580,550
96,622
5,155
28,932
277,792

41,793
684,986
86,517
5,018
47,260
296,009

53,822
821,980
83,378
4,816
63,858
129,845

54,225
768,162
81,731
5,628
51,525
140,164

55,297
699,482
85,903
5,964
42,722
153,867

48,494
678,866
72,549
5,195
37,024
157,994

54,472
714,005
79,263
3,634
38,727
208,106

56,316
707,416
71,306
5,140
43,409
169,134

68,099
718,126
71,247
5,647
49,359
203,507

:
13,341
:
:
15,543
:
:
135
:
2,279
:
:
0
89,783
:

:
37,982
5,283
:
24,048
:
:
0
:
8,700
3,848
:
0
94,473
100,018

:
48,633
145,528
:
35,502
51,642
:
429,191
51
10,503
4,116
5,784
0
98,190
108,881

:
54,628
278,877
:
44,427
49,200
:
504,400
49
11,557
4,243
5,507
0
103,319
113,290

:
53,035
371,996
:
46,199
44,109
968
852,867
62
7,611
4,817
4,655
676
108,286
111,971

3,683,967
50,684
412,102
:
39,764
43,612
1,548
837,675
61
9,161
4,823
4,016
916
128,053
106,653

3,737,407
52,156
469,441
16,808
36,972
38,637
1,973
798,188
158
11,605
4,985
4,499
2,446
125,222
108,751

3,570,386
52,341
463,588
16,493
42,002
40,266
2,518
694,583
140
13,908
5,010
4,462
1,174
118,534
104,068

3,654,502
56,539
470,279
15,207
49,708
42,008
2,265
637,611
290
15,922
5,176
4,749
1,843
113,244
103,778

3,427,156
64,425
522,793
15,432
51,732
43,623
3,279
326,946
308
21,184
5,518
4,921
1,860
137,013
105,392

3,784,689
62,544
617,401
22,679
52,047
48,624
:
363,181
428
15,957
5,901
4,835
:
139,066
99,540

264

Funded by
the European Union

Poland
Portugal
Romania
Sweden
Slovenia
Slovakia
United
Kingdom

:
39
:
44,556
:
3,488

26,266
4,216
42
118,813
:
8,612

25,155
25,851
727
141,880
4,314
14,975

49,790
41,232
7,913
149,740
5,384
19,388

100,196
44,690
36,685
152,915
8,012
20,795

104,908
46,673
26,247
160,640
8,339
22,153

151,853
57,397
21,008
175,950
8,281
23,555

159,409
43,589
23,083
168,257
9,222
22,579

160,290
49,765
33,165
176,574
7,749
21,811

162,363
59,659
32,159
144,858
9,687
22,732

168,942
63,135
:
143,955
6,882
23,923

:

:

:

:

445,813

440,276

467,807

461,980

465,778

509,809

643,054
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Annex 5: Total WEEE treated in Member States in tonnes
Country
/
Time
Austria
Belgium
Bulgaria
Cyprus
Czech
Republic
Germany
Denmark
Estonia
Greece
Spain
European
Union
Finland
France
Croatia
Hungary
Ireland
Iceland
Italy
Liechtenstein
Lithuania
Luxembourg
Latvia
Malta
Netherlands
Norway

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

19,285
68,234
:
0

62,534
76,080
:
0

64,376
81,278
19,654
:

73,833
85,576
32,962
:

75,462
95,517
32,141
2,282

72,140
97,609
44,902
2,291

73,330
102,967
38,650
2,422

77,215
94,573
37,300
1,974

75,365
111,111
33,039
1,574

76,954
110,401
40,616
1,826

79,923
104,659
56,972
:

:
:
:
:
255
:

:
722,865
38,809
1,081
9,806
:

31,426
573,082
61,552
2,511
28,912
277,792

36,149
678,346
62,362
3,331
47,248
296,009

47,246
814,028
66,286
3,838
63,846
129,845

48,137
755,588
56,746
5,133
51,425
140,164

45,091
680,774
59,036
4,187
42,640
153,855

38,208
672,553
44,561
4,430
36,936
157,994

46,862
694,976
61,635
2,301
38,568
208,106

47,845
660,239
52,532
3,920
43,346
169,134

61,835
638,190
52,053
4,096
49,092
203,507

:
13,341
:
:
10,629
:
:
:
:
2,225
:
:
0
89,091
:

:
37,816
3,558
:
17,708
:
:
:
:
8,534
:
:
0
90,693
53,039

:
47,134
141,454
:
25,577
40,704
:
349,348
0
10,391
0
4,638
0
94,239
56,124

:
50,297
271,948
:
28,541
22,396
:
408,794
0
11,397
0
4,206
0
99,332
71,450

:
43,214
368,294
:
30,169
21,948
6
739,661
0
7,435
0
3,214
0
106,726
73,605

3,456,120
43,950
408,059
:
20,674
22,707
16
725,343
0
8,201
0
3,600
80
126,285
61,484

3,483,575
43,302
460,057
16,808
18,517
19,553
29
700,421
0
10,738
0
4,410
359
103,932
62,762

3,337,436
45,795
455,390
16,493
19,380
23,202
22
610,893
0
13,329
0
4,425
290
98,972
53,248

3,415,467
48,743
466,358
15,207
18,075
27,716
107
555,651
0
15,347
0
4,749
504
80,349
56,920

3,212,307
56,454
514,763
15,432
27,220
25,400
264
309,582
0
20,271
0
4,840
519
103,635
39,482

3,546,357
54,808
608,216
22,679
28,080
31,353
:
350,788
0
14,753
0
4,835
:
107,613
34,120
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Poland
Portugal
Romania
Sweden
Slovenia
Slovakia
United
Kingdom

:
38
:
44,487
:
3,487

26,266
4,216
42
118,630
:
8,611

25,155
25,851
267
138,767
3,794
14,975

49,790
41,231
6,477
149,310
4,122
19,388

100,196
44,690
34,634
152,839
6,081
20,795

104,908
46,673
25,280
160,517
6,166
22,135

151,853
57,391
20,110
175,915
5,896
23,555

159,409
42,185
22,535
168,182
6,908
22,323

160,290
46,983
31,983
176,566
6,492
21,140

162,363
52,470
30,959
144,847
6,753
20,177

168,942
58,820
:
143,918
3,957
21,330

:

:

:

:

445,813

440,276

467,807

461,980

465,778

509,809

643,054
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Annex 6: Total WEEE treated in another Member States in tonnes
Country
/
Time
Austria
Belgium
Bulgaria
Cyprus
Czech
Republic
Germany
Denmark
Estonia
Greece
Spain
European
Union
Finland
France
Croatia
Hungary
Ireland
Iceland
Italy
Liechtenstein
Lithuania
Luxembourg
Latvia
Malta
Netherlands
Norway

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

11
0
:
3,487

95
34
:
4,510

134
565
40
:

921
3,394
42
:

99
3,961
53
3

2,115
6,214
46
44

2,134
7,229
326
137

163
17,657
337
378

1,417
5,664
38
424

473
5,944
258
276

271
7,622
230
:

:
:
:
:
0
:

:
19,055
18,224
3,733
9
:

4,261
7,468
35,069
2,644
20
:

5,387
6,640
22,657
580
12
:

6,456
6,023
17,073
978
12
0

5,907
10,386
24,985
495
100
0

10,159
17,202
26,867
1,389
82
12

9,458
3,827
27,988
765
88
0

7,332
17,593
17,628
1,333
159
0

8,343
38,391
18,774
1,221
63
0

6,208
77,717
19,194
1,551
267
0

:
0
:
:
4,907
:
:
135
:
54
:
:
0
692
:

:
146
1,611
:
6,316
:
:
0
:
146
3,848
:
0
3,780
21,226

:
1,172
3,980
:
9,893
10,938
:
7,021
0
103
4,116
1,147
0
3,937
29,225

:
3,290
6,844
:
15,795
26,804
:
13,633
0
160
4,243
1,301
0
3,985
32,136

:
9,821
3,689
:
15,091
22,162
962
15,193
0
58
4,817
1,441
0
1,560
28,632

:
6,616
4,033
:
17,461
20,841
1,532
22,433
0
821
4,823
416
328
1,768
32,939

166,109
8,726
5,415
0
18,116
19,001
1,944
16,835
0
705
4,985
89
2,087
21,290
34,378

170,696
6,498
5,810
0
22,459
17,009
2,496
27,786
0
431
5,010
37
838
19,562
40,751

176,316
7,636
3,920
0
31,551
14,243
2,158
24,201
0
408
5,176
0
1,307
32,873
39,907

182,582
7,810
5,701
0
24,282
18,185
3,015
3,194
0
643
5,518
81
1,310
33,211
59,190

220,240
7,645
7,722
0
23,663
17,244
:
1,776
0
1,134
5,901
0
:
31,374
61,378
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Poland
Portugal
Romania
Sweden
Slovenia
Slovakia
United
Kingdom

:
1
:
69
:
2

0
:
:
183
:
1

:
:
460
3,113
520
0

0
1
1,437
430
1,262
0

0
:
2,051
76
1,931
0

0
:
967
123
2,172
12

0
6
899
35
2,385
0

0
1,404
548
75
2,314
256

0
296
1,181
8
1,257
671

0
2,205
1,200
11
2,934
2,554

0
2,481
:
37
2,924
2,593

:

:

:

:

:

:

0

0

0

0

0
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Annex 7: Further projects identified and assessed in D2.2
Project acronym

Full project name

Start year

End year

CHROMIC

EffiCient mineral processing and Hydrometallurgical
RecOvery of byproduct Metals from low-grade metal
contaIning seCondary raw materials

2016

2020

CREEA

Compiling and Refining Environmental and Economic
Accounts

2011

2014

EMFIS

European Material Stock and Flow Intelligence Service

2017

2019

HISER

Holistic Innovative Solutions for an Efficient Recycling and
Recovery of Valuable Raw Materials from Complex
Construction and Demolition Waste (HISER)

2015

2019

LIFE M&M Man and Metal

New business model to increase efficiency of resources aimed
at products great durability with use of recycled materials

2015

2018

MICA

Mineral Intelligence Capacity Analysis

2015

2018

Minfuture

Global material flows and demand-supply forecasting for
mineral strategies

2016

2018

REMAGHIC

New Recovery Processes to produce Rare Earth -Magnesium
Alloys of High Performance and Low Cost
Turning waste from steel industry into a valuable low cost
feedstock for energy intensive industry)

2015

2018

2015

2019

SNOW-LIFE

Slag NO Waste: Innovative system for 100% recycling of white
slag and for ZERO WASTE electric steel production

2014

2018

REE Value Chain

Rare Earth Supply Chain and Industrial Ecosystem: A Material
Flow Assessment of European Union

2015

2017

ReSlag
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