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PURPOSE

This report documents the activities undertaken in Task 2.4 to produce update protocols and
quality assessment procedures for composition data for products placed on the market.

The primary purpose of the report is to document the processes and data templates used to work
with product composition data in ProSUM, to ensure that future work adopts the same
harmonised approaches, and data is, therefore, comparable. A secondary purpose is to provide
recommendations to the scientific community and others who publish product composition data
on how to represent data in a way that facilitates sharing and inclusion in the EU Urban Mine
Knowledge Data Platform (EU-UMKDP).



EXECUTIVE SUMMARY

Protocols

Product compositions change rapidly. It is therefore essential for the future relevance of the EU-
UMKDP that the data on representative compositions are updated to include the best available
information. It is proposed that the composition data be thoroughly updated once every 3-4
years.

Future updates to the composition data in the EU-UMKDP will need to go through the following 8
steps:

Initial control

Record raw data

Data quality (DQ) assessment of raw data
Transfer to consolidation files
Re-consolidation

DQ assessment of consolidated data
Transfer to portrayals

Harvest to UMKDP

NGO ®DN PR

In step 1, an initial quick assessment should be made to decide whether the data is to be further
processed at all. Following this, in step 2, relevant data and metadata is recorded in the so-called
“CRM parameter templates” Excel sheets. These are used to store raw data for each of the three
product categories, and the original source documents are then stored together with their
metadata in the UMKDP. In step 3, a data quality level is assigned to each datum based on the
metadata recorded in the CRM parameter templates. Following this, in step 4, the data must be
transferred to the “consolidation files”, which are then in step 5 used to compare data from
different sources, compute averages, calculate overall product compositions, and perform
manual checking of data. After the new representative data have been generated in the
consolidation files, an assessment of their data quality and uncertainty is conducted in step 6.
When the consolidation is completed, the new data must be transferred to portrayals (step 7)
from which they can be harvested to the UMKDP (step 8). If the parameters in question had been
estimated before, and the update is merely an improved estimate, the old data in the UMKDP will
be overwritten.

Recommendations for future work

A large amount of data on the composition of EEE, batteries and vehicles have been collected,
harmonized and consolidated within ProSUM. For all the steps required, the general approach
was to first define the necessary procedures (e.g. code lists, templates for recording data), and
then implement it in practice for the available data. Each step was automated as far as possible,
e.g. by writing scripts to transfer the data from one template to another. Initially, it was thought
that a substantial part of the consolidation work could be automated. This proved to be difficult,
amongst other things, due to the need to identify errors in the raw data and to choose a
reasonable aggregation level when combining data from different sources. The consolidation of
composition data is therefore a time-consuming process that requires a certain level of technical
understanding and experience with the topic of critical raw materials.

We have produced the most extensive dataset on secondary raw materials contained in EEE,
batteries and vehicles to date, which can be used to estimate the total stocks and flows of a
large number of metals contained in these products. Nevertheless, there is room for
improvements, firstly to make the consolidation process more efficient, and secondly to produce
datasets with a higher level of detail in terms of materials and components. We therefore
propose a set of recommendations for future work with composition data for the EU-UMKDP. The



upcoming Horizon 2020 project ORAMA, which is focused on procedures to generate data on
primary and secondary raw materials, may offer an opportunity to develop and test some of the
recommended measures.

1. Continue improving the code lists for components and materials. Due to the complexity
of the products covered in ProSUM and the number of different representations found in
data sources, it was not possible to provide complete detailed definitions and
correspondence tables for all components and materials. In the future, these code lists
should be improved by refining the definitions, e.g. including pictures of important
components.

2. Revise the data quality assessment procedure. The data quality assessment procedure
may be improved in the future by incorporating some of the findings from D2.6/D4.3
regarding methods for sampling, sample preparation and chemical analysis. This would
enable identification of data with systematic errors e.g. due to the use of wrong digestion
acid. Amendments to the data quality assessment procedure may nevertheless be limited
by lack of detailed information in the original data sources.

3. Introduce statistical data reconciliation for consolidating composition data. The data
consolidation process (calculation of representative compositions) may be improved
through statistical data reconciliation. The current approach leads to loss of information
as data from different sources are aggregated to a high level in terms of components and
materials. Statistical data reconciliation could mitigate some of this information loss.



DELIVERABLE REPORT
1. Introduction

1.1.Aim and scope of the Deliverable

Within Task 2.2, a large number of data on the composition of products, components and
materials were collected, recorded, analysed and consolidated. The result of the task was three
datasets of “representative” compositions for all the product keys covered in ProSUM, one for
each product category: electrical and electronic equipment (EEE), batteries (BATT) and vehicles.

Product compositions change rapidly. It is therefore essential for the future relevance of the EU-
UMKDP that the data on representative compositions are updated to include the best available
information. In this deliverable report, we explain how to include new data in the EU-UMKDP in
the future through a detailed documentation of how to: i) record the data; ii) assess data quality;
and iii) estimate representative compositions. Whilst the technical and mathematical aspects of
these procedures were largely covered in D2.2, the present report focuses on the practical
aspects, such as how to use the Excel templates for recording data. We also provide product-
specific and general recommendations for the continued work with composition data for the EU-
UMKDP, as well as recommendations for the scientific community and other data providers on
how to represent composition data to facilitate their inclusion in the EU-UMKDP.

D5.1 End-user

requirements WP2 Characterisation of the Urban Mine
Start: M1 Finish: M9 Start: M1 Finish: M34

D5.3 Review and D5.6 Creation of the
Harmonisation metadata system
Start: M1 Finish: M9 D2.1 CR‘_M F:arar_neters D2.5 Consolidate data into Start: M7 Finish: M30
SChara.cterIl;sgt:;o’;l (incl. DD22.24 N CRM database
creening, D2.3 Factors, D2. . o

D3.1 Product Stocks Trends) Start: M1 Finish: M24 Start: M7 Finish: M24 LE A L L

[ T Start: M10 Finish: M30
¥

D2.6 Identify and validate D2.7 Update + quality
characterisation methods L] assessment protocols

Start: M1 Finish: M12

1
e eda-

D4.1 Waste flow studies
Start: M1 Finish: M12

1
A 4

T5.3: Development of
Start: M4 Finish: M30 Start: M19 Finish: M34 |_. the EU-UMKDP

Start: M1 Finish: M34

D4.3 Waste & Tailings
characterisation

Start: M4 Finish: M30

D3.4 CRMs Stocks and
Flows Model

Start: M19 Finish: 30

D6.4
Recommendations

Start: M10 Finish: M36

Figure 1 Pert chart showing the relationship between D2.7 and other ProSUM deliverables.

Figure 1 gives an overview of the deliverables in WP2 and their connections to other ProSUM
deliverables. D2.7 is highlighted in green. The update protocols and quality assessment
procedures presented here were, to a large extent, developed during the work with D2.5 (Lavik et
al. 2017), with updated common project procedures updated since then, and including the
assessment of data quality. D2.6 on characterization methods provides valuable
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recommendations on the generation of primary data from sampling and characterization of
products and wastes.

1.2.0verview of update protocols and quality assessment

The UMKDP contains estimated representative compositions for a large number of EEE, batteries
and vehicles placed on the market, to some extent also including changes over time. These
representative compositions have been estimated by consolidation of data from many different
sources. Procedures for evaluation of data quality and for calculating representative
compositions were developed as part of D2.5 “consolidation of data into CRM database” (Lgvik
et al. 2017). Although these procedures facilitate the consolidation and ensure consistency
between the product groups, they do not remove the need for manual work and decision-making
during data consolidation. As an example, the components and materials used to describe the
composition of vehicles were selected based on the availability of data and the importance for
CRM content, and it was necessary to group all electrical and electronic components in one
component group called electrical and electronic system. When more detailed data becomes
available, a different set of components might provide a better representation.

Furthermore, the data quality assessment performed within ProSUM cannot capture all relevant
information: closer examination of the methods used to generate the primary data may
sometimes reveal a lack of representativeness or potential errors. Often, such problems are
identified through comparing data from different sources. For these reasons, it is clear that the
inclusion of additional data in the future cannot be automated to the level where one only needs
to enter the data in the right format in a template. This is a necessary step, but future updates
will also involve a substantial amount of hands-on work and critical reflection on the data and
calculations.

An overview of the procedure for including new data in the UMKDP is shown in Figure 2. New
data will first be subject to an objective quality assessment and, if meeting a certain quality
criterion, be recorded in the existing datasets for composition raw data that are used internally in
ProSUM (grey box). After this, re-consolidation of data can be performed to update the
representative compositions in the UMKDP. This re-consolidation may be as simple as adding
new data in cases where there was none already existing in the UMKDP, or it may involve a
reconsideration of all data used in the original consolidation together with the newly recorded
raw data. An example of the former would be to include battery electronics as a component of
batteries, which was not done in the original dataset. If the data becomes available, this is a
relatively simple addition to make. An example of the latter would be if more detailed data
becomes available for vehicle electronics: it will then be desirable to perform a complete
reconsolidation with the presently existing raw data.

10
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Figure 2 Overview of procedure for including new product composition data in the EU-UMKDP.

Chapter 2, explains how to include new composition data in the UMKDP, and chapter 3 presents
recommendations for working with composition data based on the experiences in ProSUM.
Chapter 2 will be important for anyone continuing the work of ProSUM in the future. For anyone
who wishes to supply data to the UMKDP, chapter 2.2 will be important, as it explains how to
record raw data in a format that facilitates consolidation. Chapter 3 is relevant for anyone
working directly with composition data for batteries, EEE or vehicles, be it in connection with the
UMHKDP or in other projects.

2. Update protocols

2.1.Update protocols detailed process overview

A detailed overview of the procedure to include new data is shown in Figure 3. New datasets can
come in many different formats and sizes. The majority of data sources used in ProSUM have
been journal articles or research reports available as pdfs. In step 1, an initial quick assessment
should be made to decide whether the data is to be further processed at all. Following this, in
step 2, relevant data and metadata is recorded in the so-called “CRM parameter templates”
(Excel sheets used to store raw data for each of the three product categories, and detail the
original source documents which are then stored together with their metadata in the UMKDP). In
step 3, a data quality level is assigned to each datum based on the metadata recorded in the
CRM parameter templates. Following this, in step 4, the data must be transferred to the
“consolidation files”, which are then in step 5 used to compare data from different sources,
compute averages, calculate overall product compositions, and perform manual checking of
data.

11
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Figure 3 Detailed overview of procedures to include new data in the UMKDP.

After the new representative data have been generated in the consolidation files, an assessment
of their data quality and uncertainty is conducted in step 6. When the consolidation is completed,
the new data must be transferred to portrayals (step 7) from which they can be harvested to the
UMKDP (step 8). If the parameters in question had been estimated before, and the update is
merely an improved estimate, the old data in the UMKDP will be overwritten.
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2.2.Initial control of new data

An initial control of new data should always be performed to avoid unnecessary work and
cluttering of the CRM parameter template with irrelevant or dubious data. The decision will be
somewhat subjective, but should be guided by the following questions:

Are the data addressing products within the scope of the UMKDP?

In principle, the data should refer to a product within one of the three categories: batteries,
EEE and vehicles and it should be possible to allocate it to one of the product keys in the
respective code lists. There are exceptions, such as standard material compositions that may
be needed for consolidation although they cannot be allocated to a specific product.

Are the data useful for calculating compositions?

For example, data may not need to be recorded if they are very aggregated compared to the
existing datasets. Still, it should be considered that they may be useful for checking and
controlling of results even if they are not used directly in the consolidation.

Are there obvious reasons to doubt the validity of the data?

Data that are clearly wrong should not be recorded. There may be information available that
reveals mistakes in the data collection, or extreme uncertainties (e.g. when data are based
on researchers’ guesses or own assumptions). Since the subsequent data quality
assessment only captures selected aspects of the data generation process, it is important to
filter out any dubious data immediately when such issues are discovered.

2.3.Recording raw data and metadata in the CRM parameter template

After the initial control of the new data to confirm its relevance, it should be recorded together
with metadata in the CRM parameter template. In parallel, the document from which the data
originates should be stored, along with its metadata, in the digital library of the UMKDP, from
which it can be searched and accessed (unless restricted by copyright issues). The process for
storing the document and its metadata is described in chapter 3.6 in the report on Task T5.3.1 in
ProSUM, part of deliverable D5.7 (Cassard et al. 2016).

The recording of data in the CRM parameter template is done to ensure that all raw data exist in
a common format, so that they can easily be extracted and analysed. If somebody outside of
ProSUM wishes to supply data to include in the UMKDP, the same template should be used. The
empty template is supplied as Annex 1 to this report. It contains 5 sheets:
e “0.Contents” - Contents and instructions for using the template;
e “1.Data” - Where data should be recorded;
o “2.  References” - The references to the data sources should be provided in full detail
here;
e “Aux 1. Code lists” - Contains all code lists that are relevant for recording composition
data; and
e “Aux 2. DQ_settings” - Contains settings for the automatic specification of data quality.
Only sheets 1 and 2 should be modified by the user. In practice, the data for BATT, EEE and
vehicles are kept apart in three CRM parameter templates with the same structure.

The sheet “1. Data” contains 44 fields that may be filled for each datum. Each row in the
template corresponds to one datum, i.e. one value, such as the mass fraction of gold in a printed
circuit board. A list of all fields and instructions for how to fill them are provided in Table 1.The
field names correspond to column headings in the template. The second column of Table 1
indicates what type of input is required, i.e. codes from code lists (code), free text strings (txt), or

13



a number (#). The fields which should be completed or filled out depend on the type of data
recorded,! and what information is available. Some fields are mandatory for any type of data
(indicated by an “X” in Table 1), some are required for certain types of data (indicated by the
relevant parameter subscripts in Table 1), and some are required for a complete data quality
(DQ) assessment. If information for the DQ assessment is missing DQ will still be estimated, but
the missing information is treated as the lowest possible category in the calculations.

Table 1 Fields used in the CRM parameter template.

field name input type required instructions

Prod. Id # # X number the separate entries: 1, 1, 1, 1, 2, 2, 2, 3, 3,... to
keep track of which measurements were made for the
same object. Example: The material composition of an
individual car was found, divided into 5 materials. These 5
entries should have the same Prod Id #. Start the
numbering from 1 for each new template. Note that all
entries must have a product Id even if they do not refer to a
particular product.

Product category code X “EEE”, “BATT” or “VEHICLE”", as applicable to the recorded
data

Key code X product code that closest correspond to the product in
question, from one of the product key code lists.

Sub-key code product sub-key code that closest correspond to the
product in question, from one of the product sub-key code
lists. Only applicable for EEE and BATT.

Sub-sub-key code product sub-sub-key code that closest correspond to the
product in question, from one of the product sub-key code
lists. Only applicable to EEE.

Description txt X description of product as in the original source

Similarity between code X “high”, “medium” or “low”. This is to account for disparities

description and ProSUM key between definition of product code and object investigated
in original study.

# of products in batch # DQ if data originates from batch tests or similar, enter the
number of products in the batch

Production year (product) # the year of production of the product. This is preferred over
model year and design year

Model year (product) # the model year of product

Design year (product) # the design year of product

Comp. Id # # c, C-p, e-c, ID number for components, (see Prod. Id #). All component

m-c data must have a comp. Id #.

Component group code component group describing the type of component
investigated

Component code c, C-p, e-c, component code that closest correspond to the component

m-c in question, from the component code list

Similarity between code c-p, e-c, m-c  “high”, “medium” or “low”. This is to account for disparities

component description in DQ between definition of component code and object

reference and ProSUM investigated in original study.

component

# of components in batch # DQ if data originates from batch tests or similar, enter the
number of components in the batch

Production year # the year of production of the component. This is preferred

(component) over model year and design year

Model year (component) # the model year of component

Design year (component) # the design year of component

Material type code material type code that closest correspond to the material
in question

Material code e-m, m-c, material code that closest correspond to the material in

m-p question

Similarity between material code e-m, m-c, high”, “medium” or “low”. This is to account for disparities

description in reference and m-p, DQ between definition of component code and object

'Fora description of the different types of composition data (physical quantities and parameter subscripts),

we refer to D2.5.

14



field name input type required instructions

ProSUM material investigated in original study.
Element code e-m, e-c, chemical element
e-p
Parameter code X indicates what physical quantity was measured, e.g. mass,
mass fraction, volume. Refer to the parameter code list
Param. Subscript code X indicates which entities are measured by the parameter,

e.g. mass fraction of Ag in a printed circuit board would be
assigned e-c while the mass fraction of lead alloy in a
vehicle would be assigned m-p

Value # X the observed value of the physical quantity in question

Value type code type of statistic: “mean” or “median”, in the case of several
observations aggregated

Value lower limit # lower limit of confidence interval (type of interval specified
later)

Value upper limit # upper limit of confidence interval (type of interval specified
later)

Value units code X units used for the recorded value

Uncertainty # uncertainty

Uncertainty units code units of the uncertainty value

Uncertainty or range type code type of statistic used to

Modelling method code DQ modelling method used to obtain general data in original
study. We mainly distinguish between “hot-spot” and “non-
hot-spot”

Digestion method code digestion method use for chemical analysis

Measurement method code DQ measurement method, including wet chemical
measurement methods as well as producer data

Original measurement code yes/no. yes only if the measurement was conducted as part
of the work reported in the given document

Measurement year # year of measurement

Location code country in which the measurement was done

Notes txt any other important information, esp. with respect to data
quality, should be mentioned here.

Rights code X rights for the document: “Confidential”, “Copyright”,
“InternalUseOnly”, “Public”

Reference #, txt X 2 columns: reference number and reference name. All

references are to be recorded in sheet 2. References. Add

a new (and higher) number for each new reference.
Original data source ref. #, txt 2 columns: reference number and reference name. All

references are to be recorded in sheet 2. References. Add

a new (and higher) number for each new reference.
Recorded by txt name of the person who did the recording

2.4.Assessment of raw data quality

An automatic assessment of data quality will be performed for each datum entered in the CRM
parameter template using the information recorded. The data quality assessment takes into
account a maximum of five evaluation categories: sample size, temporal scope definition,
consistency of descriptions, modelling method (only for e-c, e-m, e-p) and measurement method
(only for e-c, e-m, e-p). In each category, a score is given based on the information recorded in
the raw data sheets. These scores are added up to a total data quality score, which is finally used
to assign a data quality rating: highly confident, confident, less confident, and dubious. The
assigned data quality can be found in column AU in sheet “1. Data” in the CRM parameter
template. The columns AV to BD contain the numeric scores in the evaluation categories, and
should not be edited by the user. For a detailed description of the steps behind the data quality
assessment, refer to Deliverable report D2.5, Chapter 2.1.3.

The assessment of data quality is based on a limited amount of information regarding the origin
of the data and the interpretation made in ProSUM. This relatively simple procedure was
designed so that: 1) it does not require expertise regarding the methods used to generate the
data; 2) it is free of subjective judgement, to allow for consistency when conducted by different
people; and 3) it is applicable to different types of composition-relevant data. By abiding to these
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principles, the procedure emphasises consistency at the expense of accuracy. The procedure
only allows the defined types of information to be taken into account, and treats the information
the same way for all data sources. In practice, more information is nearly always available, and
the same type of information may have different relevance depending on the case. Detailed
investigations of sampling, sample preparation and measurement methods have been
conducted within ProSUM Deliverables D2.6/D4.3 (Rotter et al. 2017, Wager et al. 2017), for
example showing the importance of element/matrix-specific methods for digestion and
measurement when conducting wet chemical analysis. As an example, arsenic will tend to
evaporate as AsHsz or AsoHs when the sample is not allowed to cool properly after microwave
digestion, thus leading to a negative error in the subsequent measurement. Such considerations
could be incorporated the data quality assessment, but would require a very large amount of
information (which is often not available from the primary sources), and would therefore slow
down the consolidation process considerably. Despite this, it could be an option to make certain
amendments to the DQ assessment based on the experiences made in D2.6/D4.3. One possible
extension would be the addition of a “digestion method vs. element” indicator, as it appears to
be a common mistake that elements of interest remain undissolved due to improper selection of
digestion acid However, this and other possible extensions would first require a detailed mapping
of such pitfalls for all elements.

2.5.Transfer new data to consolidation files

The CRM parameter templates (one per product category) should contain all relevant data for
estimating product compositions. However, since this includes different types of data for many
different products, components, materials and elements, it is not practical to consolidate the
data directly in these files. Rather, the first step of consolidation is to extract the relevant data for
the product in question. This has been done differently for each product category.

For BATT, consolidation was largely based on confidential manufacturer’s data (which could not
even be shared among the ProSUM project partners). Effectively, this means that there is no
separate consolidation file for BATT. Depending on the openness of future BATT data, it may be
necessary to create such a consolidation file.

For EEE, a very large number of data were recorded in the CRM parameter template. Detailed
data was available for most UNU keys both on the m-p/c-p level and e-c level, sometimes
including time-dependent data. A consolidation template was therefore created specifically for
EEE. Each UNU key has its own file where consolidation is performed. This file has the same
structure for all UNU keys. A MATLAB/OCTAVE script was used to extract data from the CRM
parameter template to each UNU key consolidation file. The script queries the CRM parameter
template (serving as a database), for all data relevant to the particular UNU key and groups this
according to the data type (e-c, e-m, m-p, c-p, ¢c-¢c, m-c). It should be noted that the script is not
created to perform subsequent updates in the consolidation files. When new data become
available for a given UNU key, there are at present two options to transfer it to the consolidation
file:

1. Use the script to re-extract all data for the key in question. This will create a new
consolidation file and will thus erase any manual changes that have been made during
the first consolidation. This option is therefore recommended only if the new data
substantially outweigh the existing data, so that a complete re-consolidation is necessary.

2. Manually transfer the new data to the consolidation file. If done in parallel with recording
in the CRM parameter template and the amount of new data is relatively small, this will
be quite fast. Since it requires that the new data can be easily identified, it is
recommended to do it immediately. A third option to automatically update the
consolidation files with new data would be useful but would require a substantial amount
of programming and has therefore not been done. It is recommended to create such a
routine in the future.
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For vehicles, the amount of data which exists in the CRM parameter template is moderate. The
consolidation of vehicles data was tailored to the data availability and involves a “hybrid”
approach where the number of calculation steps to arrive at e-p varies between different
components and materials. The approach is less structured than for EEE.2 For these reasons, the
transfer of data from the CRM parameter template to the consolidation sheets was done
manually or semi-automatically in Excel. To reduce the “distance” between the raw data and the
consolidation, the spreadsheets from the CRM template and the consolidation file were compiled
in one Excel file. New data for vehicles must be transferred manually to the consolidation sheets
after recording in the CRM parameter template.

2.6.Re-consolidate data in consolidation files

As explained in section 2.5, the structure of the consolidation was different for each product
category. The procedures to re-consolidate data therefore also depend on the product category.

2.6.1. BATT

For BATT, reconciliation can be done via one of two routes:

1. Through access to the primary data that was used in the first consolidation, new data can
be compared and averaged with the existing raw data. This is the preferred route but
requires that the person working on the consolidation has access to the primary data.

2. If access to the original primary data is not possible, and the data reviewer can only see
the consolidated (representative) battery compositions, re-consolidation can be
undertaken by comparison and averaging between the existing representative battery
composition and new data. For components, materials or elements that are currently not
guantified, this would be as simple as adding the new parameters to the consolidated
data set, given that they are compatible with the existing data. The current data only
provides the mass fractions of elements in the battery cells. It is, for example,
unproblematic to add more components that do not overlap with the battery cell and
more elements can easily be added.

If the new data concern parameters that have already been quantified, a decision must be
undertaken how to weight the new data against the existing data. The following formula is
recommended:

— No1aXo1aDQora + i x;DQ;
new No1aDQoig + Xi DQ;

Where X,,.,, is the new weighted average, no is the number of data sources for the old estimate,
DQow is the data quality weight of the old estimate (the representative composition), x; are the
values of the new observations, and DQ; are the data quality weights of the new observations.
The data quality weights are, as explained in Deliverable D2.5, 1, 2, 3 and 4 for dubious, less
confident, confident, and highly confident data respectively. However, it is recommended to
exclude data that has been graded as dubious, as long as there are other data available.

? For example, in the consolidation template for vehicles, each material and component is treated in a
separate sheet. This is feasible due to the small number of components and materials (high level of
aggregation). For EEE, the number of components and materials with data is too large for such a customized
approach, and generally each parameter subscript (e-c/e-m, m-c/c-c, m-p/c-p) has its own sheet in the
consolidation file.
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2.6.2. EEE

For EEE, re-consolidation should be done in the existing UNU key consolidation files. For most
parameters, new data can simply be entered into the respective sheet, and will automatically be
taken into account in the computation of weighted averages. Including new data is therefore
simple as long as the new data relate to parameters that have already been estimated in the first
consolidation.

There are two ways in which new data may not relate directly to existing estimates: 1) data
concern products, materials, components or elements for which there was no estimate (e.g. the
mass fractions of elements in polymer materials have not been included yet); or 2) the data
concern components or materials on a different level of detail to that included in the original
estimates. If 1) is the case, re-consolidation is a simple matter of adding the new data. There is
no need to compute averages with existing data. If 2) is the case, a decision has to be made
whether to accommodate the new data in the existing set of components and materials, i.e. by
aggregation of either the new or the old data to a smaller set of components and materials.
Generally, it is desirable to keep as high a level of detail as possible but if this leads to exclusion
of much of the data (because it is too aggregated), it may be a better solution to aggregate. The
decision will have to be made on a case-by-case basis after a subjective evaluation of the pros
and cons of aggregation. See section 2.6.4 for guidance on how to choose the right level of
detail.

2.6.3. Vehicles

The vehicles dataset presently includes the following components and materials: EESystem,
CatalyticConverter,  ElectricDriveMotorMagnet,  BatteryCell3, MagnesiumAlloyUnspecified,
AluminiumCastAlloy, AluminiumWroughtAlloy, SteelStandardSteel, SteelHSS,
castlronUnspecified. A higher level of detail would be desirable both with respect to the accuracy
of estimates and to relevance for recycling, however, a lack of data prevents this. Although
individual sources do provide data on a higher level of detail, the lists of components and
materials used are not compatible, and a substantial aggregation was necessary to allow for the
inclusion of more than one data source. New data on vehicles is likely to suffer from the same
problem, as vehicles are highly complex products that can be described (i.e. broken down into
components and materials) in an almost unlimited number of ways. However, since the present
consolidated data is at a highly aggregated level and reliant on a relatively small number of
primary data with variable reliability, consideration should be given to the adoption of higher level
of detail should new data become available. It is recommended to read Deliverable D2.5, chapter
2.2.3 for more a detailed description of the existing consolidation for vehicles.

Inclusion of new data without changing the level of detail can be a simple matter of adding
another observation to a weighted average (e.g. mass fraction of elements in catalytic
converters), but it may also involve a more careful evaluation of the relevance of the data for the
parameter in question. For example, some of the data used for element mass content in
EESystem are based on overall estimates for the entire vehicle (i.e. from manufacturers data to
which we do not have access to the full detail) and an assumption that all of this mass resides in
the EESystem4. Such considerations are element specific and require detailed knowledge about
the methods with which the data were obtained.

The existing consolidation sheets for vehicles composition data only include those components
and materials that were used in the original consolidation. Each of these sheets is customized to

* Note that BatteryCell data is included in both the vehicles and battery datasets. To avoid double counting,
vehicle battery cells are included in the mass calculations of stock and flows of CRM of batteries and excluded
from that of vehicles.

* Data source indicates that most of the mass resides in the EE system.
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the availability of data in terms of representing different vehicle characteristics (which define the
vehicle keys) and/or time-dependent parameters for the given material/component, and does
not follow a common structure. The transfer of data from these tables to the portrayals was
undertaken sheet by sheet with a MATLAB/OCTAVE script written specifically for this purpose. For
these reasons, it is a somewhat cumbersome process to include new components and materials
in the vehicles dataset.

If new data allows for a larger number of components and materials, it would be worthwhile to
further develop the consolidation file for vehicles to harmonize the structure between the
different materials and components and thereby facilitate the transfer to the portrayal. New
components or materials that do not exist in the current dataset can be added by copying the
structure from one of the existing sheets, selecting the one that enables representation of the
desired vehicle characteristics. If new sheets are added, a corresponding update to the
MATLAB/OCTAVE script for transfer to the portrayal will have to be made, or another method to
transfer the new data must be devised.

It is very important to ensure that any nhew components or materials are not already covered by
one of the (highly aggregated) components or materials in the present dataset. If this is the case,
addition of the new component or material will lead to double counting.

2.6.4. General remarks

The main difficulty with including new data (as in the original consolidation) is to choose the right
level of detail, i.e. the list of materials and components to include. Some product group specific
aspects have been discussed above. In general, the choice depends on the amount and quality
of data available at different levels of detail; the possibilities of aggregation (sometimes a
common set of components cannot be found); and the usefulness of introducing more detail. The
choice has to be made after subjective evaluation of all of these aspects, and can only be done
case-by-case. Although we do not provide any hard rules for how to choose the right level of
detail, the following questions can serve as guidance:

Does the higher level of detail for materials and components contribute to an improved estimate
of total element content?

For example, it may not be worthwhile including 15 types of polymers if no information exists
on the CRM content in each of these polymers. Aggregation to 1 type may be better if it
allows for including more data sources.
Is the higher level of detail relevant for recycling?

For example, including aluminium in vehicles in separate components or component groups
rather than directly at the vehicle level may provide useful information for recyclers, as
separate dismantling of components can lead to separation of different alloys and thereby
higher quality of the recycled material.

Does the higher level of detail lead to exclusion of most of the data, or data with high quality?

If yes, it should be reconsidered.
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2.7.Assess data quality and uncertainty of estimated representative compositions

The procedure used for data quality and uncertainty assessment of consolidated data to date
should also be used in future updates. Data quality of consolidated data (estimated
representative compositions) is evaluated based on the humber of data sources, their estimated
representativeness and the extent to which temporal changes are included. Uncertainties are
estimated based on the assigned data quality and the absolute value of the physical quantity in
question (in relative terms, small quantities are much more uncertain than large quantities). See
Deliverable report D2.5, chapter 2.1.5 for details on the data quality assessment and uncertainty
estimation for consolidated composition data.

The data quality is automatically determined by filling in a table with the required information in
the consolidation files. The uncertainties are determined by running a MATLAB/OCTAVE script
over the portrayals (in practice, the uncertainty assessment therefore occurs after transfer to the
portrayals).

2.8.Transfer new consolidated data (representative compositions) to portrayals

Consolidated composition data is spread over a number of different sheets in the consolidation
files. An automatic extraction of the data to fill portrayals was implemented in a MATLAB/OCTAVE
script (one for EEE and one for vehicles). Without this or an equivalent process, the transfer
would be extremely time-consuming. For EEE the same scripts can be used in the future, also if
new components, materials or products are added. For vehicles the structure is less flexible, so
additions to the data and re-consolidation may require modification of the transfer script.

The empty portrayal template is attached as Annex 2 to this deliverable report. Instructions for
how to fill it are provided in Table 2.5

Table 2 Fields of the portrayal template and instructions for filling them. Not all fields are harvested.

field name input type  Instructions

Product key code product key for which the data applies. Taken from code lists for EEE,
BATT and vehicles products. Must be provided for all data.

productionYearStart # first year placed on market

productionYearEnd # last year placed on market (normally if data are provided over time, a

new value is entered for each year, and productionYearStart is set
equal to productionYearEnd.

CRM parameter code CRM parameter code, e.g. MassContent or MassFraction. See
instructions for CRM parameter template for more information.

CRM parameter subscript code CRM parameter subscript, e.g. e-c or m-p. See instructions for CRM

(u-v OR u) parameter template for more information.

u code a code that refers to the entity of the first letter in the CRM parameter

subscript. For example, for e-c data, an element code must be entered
here, and for m-p data a material code must be entered here. For Mass
data, which only has one subscript letter (c or p), the relevant should be
entered here.

v code a code that refers to the entity of the second letter in the CRM

> The actual data transfer may be done with a script, but it is nevertheless important to check that the fields
have been filled correctly.
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field name input type  Instructions

parameter subscript. For example, for e-c data, a component code must
be entered here, and for m-p data a product key (or sub-key) must be
entered here. The product key or sub-key will then be the same as in
the field “Product key”. For data that only has one subscript letter, this
field is left empty.

Value # the value of the physical quantity specified by the CRM parameter and
CRM parameter subscript

Units of measurement code units of measurement. Refer to code list in CRM parameter template.

Uncertain quantity (min) # minimum value of uncertainty interval (confidence interval)

Uncertain quantity (max) # maximum value of uncertainty interval (confidence interval)

uncertainty Type code type of uncertainty or confidence interval, e.g. conf90 for 90%
confidence interval. Refer to code list in CRM parameter template

ID_metadata # an ID to identify the metadata describing the data in the ProSUM
metadata catalogue

Original or estimate? code indicate whether the data is measured directly or estimated. For

composition data, all is considered an estimate as it is not possible to
observe directly the average composition of a given product

Data quality code data quality, as determined by the procedure described in D2.5,
chapter 2.1.5

Data quality comment txt comments to the data quality beyond the indicated level

Data consolidation txt comments to how the data consolidation was performed. It is

comment recommended to avoid long text, as the details of the consolidation can
be explained elsewhere (i.e. in the metadata catalogue).

Person who entered data txt name of person who entered (is responsible) for the data

2.9.Harvest data to the UMKDP

The harvesting of data to the UMKDP is covered in chapter 3.4 of deliverable report D5 (Cassard
etal. 2016).

2.10.Update frequency

A frequent update of composition data for products placed on the market is desirable, due to
rapid technological development. Unfortunately, data for products recently placed on the market
is for obvious reasons normally not available. Much of the available composition data is based on
waste sampling and characterization conducted in the last 3-7 years. This waste provides
representative compositions for products placed on the market much earlier, due to the lifespan
of products.

It does not make sense to define an update frequency out of the needs for up-to-date data which
cannot be met. Rather, updates should be made as more data becomes available and the
frequency should reflect the work required for each step. Recording data in CRM parameter
templates and consolidation sheets can be undertaken on a continuous basis as more data
becomes available. Re-consolidation is a time-consuming process, even for small updates.
Hence, it is better to wait for larger amounts of data to become available before re-consolidating.

We propose that the composition raw data is updated on a yearly basis (Steps 1-3 in Figure 3),

and that a thorough re-consolidation and harvesting is performed every 3-4 years (Steps 4-8 in
Figure 3).
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3. Recommendations

3.1.BATT composition data

Availability and type of data

A rather complete description of the batteries’ composition (mass fraction of elements in the
battery cell) was available in different documents originating from the battery industry:
o Batteries Material Safety Data Sheets;
e Handbook of batteries, based on scientific and historical description of the batteries
compositions; and
e Published data from the industry including recyclers’ data.

The estimated representative values for CRM and the main material content have been based
on these documents, providing the composition of the main battery designs. For each battery
sub-key, a representative value and a confidence interval for each of the selected elements have
been calculated based on these data sources.

The dataset derived has been used as representative batteries composition data for the ProSUM
diffusion database. Although the method used requires a good knowledge of the battery
technologies placed on the market, it achieved more complete and more precise information
than statistical analysis (e.g. based on sampling and chemical analysis) would have provided,
which is often impossible due to a lack of data.

The main limitations of the data are:

e Changes over time for defined battery sub-keys have not been taken into account. For
example, it is well known that the mixture of rare earth metals used in NiMH batteries has
changed over time with fluctuations in prices. Nevertheless, chemical composition
normally evolves slowly within each battery technology. Major product design changes are
linked to new applications: consequently, the most important change is the relative share
of different technologies in the market, which is taken into account through the data and
models of stocks and flows within ProSUM;

e Battery electronics are not included. 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;

e Certain minor elements are not included due to a lack of data: again, the elements used
in the battery electronics are not specifically identified. The impact of this may be
mitigated by the assessment of the battery electronic as a part of the equipment or
vehicle in which the battery is used. This has been done for Ag in electric vehicles, where
the battery electronics are considered part of the EE system in the vehicle.

When possible, a weighted average of the product composition, according to the market share,
has been applied e.g. for the usage of natural graphite (identified as a CRM) in the cathode of Li-
ion batteries. Based on published market share data (Avicenne 2016), natural graphite
represents 63%, and artificial graphite 37% of all the graphite used in batteries. As the different
type of graphite are generally not identified in the composition or analysis data, a ratio of 63%
has been applied by default to assess the quantity of natural graphite used in batteries.

Quality of data

As most of the data used were based on manufacturer information, they were assessed as
reliable (DQ level “confident”). The precision of the elements composition was in general low
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(particularly in the “safety data sheets”). Nevertheless, the comparison of several manufacturers’
data sources allowed for the assessment of a relevant representative values. A statistical
verification of the data quality was possible in the case of Lithium-ion batteries of LCO type. The
result has confirmed the validity of the approach based on the confidence interval. Further
acquisition of measured data may allow for more statistical comparisons in the future.

Recommendations for working with batteries data

The generation of new data (such as the composition of new battery technologies, based on
chemical analysis or producer data) and their introduction into the database should be carefully
reviewed with the following criteria:

e The statistical representativeness of the sample;

¢ The product application weight on the market, and the representativeness of this battery
technology in this product application;

¢ The definition of the product, for compatibility with the existing datasets. For example, the
electronic parts of the batteries have not been taken into account in the ProSUM Project.
A quantification of these parts would certainly provide an improvement to the content
quality, but would also have to be identified as a new component in the battery, and not
mixed with the battery cells composition;

¢ In cases where physio-chemical analysis methods are used for composition assessment,
a careful review of the method and the results is required. Based on the learnings of the
data analysis in this project incorrect results may be published for a number of reasons:

o Varying components or sub-set of cells may have been analysed (different
perimeter);

o Incorrect preparation of the sample (presence of electrolyte in the material
analysis of electrodes);

o Analysis of traces and impurities, not representative for the product;

o Graphite not identified or differentiated from other types of carbon; and

o Incoherent values (unrepresentative samples, incorrect analysis and various
other reasons),

e Other improvements in the data may be achieved with an assessment of the composition
change versus time. Again, compatibility with the existing data should be ensured. It is
expected that such an improvement would require a much larger set of raw data, in order
to achieve the expected reduction of the confidence interval per year.

3.2.EEE composition data

Availability of data:

WEEE composition data has been retrieved from a variety of sources e.g. academic and industry
studies, journals, and governmental statistics agencies. Generally speaking, all lack the
sophisticated data structure necessary for this work and lack harmonisation. The WEEE
composition data was recorded and consolidated according to the structure described in D2.5.
Despite the large number of individual data points gathered, retrieved, consolidated and stored,
a substantial number of data gaps remain:

e For newer types of products, like drones or intelligent refrigerators, hardly any information is
available specifically for new components. The same applies to the many types of
professional appliances under the UNU keys: 0602 Large Tools; 0802; Large Medical; and
0902 Large Monitoring and Control. Here, often very specific components and functions are
embedded but in low product quantities;

e For the most abundant materials (e.g. polymers and base metals) in products and those
materials with a high value (e.g. gold and silver), better data is available in the literature.
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There is a lack of, or insufficient information, for a wider range of elements (including many
CRMs) for lamps (UNU keys 0502-0504), cooled and non-cooled dispensers (UNU keys
1001,1002), central and professional heating (UNU keys 0001 and 0101), photovoltaic
panels (UNU key 0002), air conditioners (UNU key 0111), professional cooling (UNU key
0113) and professional tools (UNU key 0602);

Only for a select number of UNU keys, a relatively complete and detailed calculation has been
made from all elements to all materials to all components. For some key components, their
mass fraction in the product could be determined as a function of time. However, changes
over time for the element mass fraction in the component (e.g. in printed circuit boards)
could usually not be determined;

For most products there is a time dependent product weight available, but for some of the
more professional and less common products the information is limited;

Embedded electronics for communication, monitoring, etc. are being used in a much wider
range of products including those that are not traditionally seen as electronics, which make it
hard to quantify the composition of these (new) products.

Quality of data

A key issue is the description of the temporal and geographical scope and descriptions of the
sample size and nature of composition data. This counts especially for the academic sources.
Hence the recommendation is to not only provide researchers/data reviewers with the
developed code lists but also a more simple checklist/short recommendation when
publishing EEE composition data. Unfortunately, the EuP studies® that are supposed to cover
newer and rather representative products are also relatively poorly defined in this regard and
thus less useful than initially expected;

Consolidated datasets are structured, harmonised and reviewed by different members of our
consortium to ensure not only transparency but also good quality. While doing this, many
issues were encountered in the procedures that have now been resolved.

Recommendations for future work with composition data

It is important for the consolidations and the relation to the stocks and flows information that
the basket of goods for the composition data matches and is representative for the basket of
products (sub-keys to UNU keys) in the POM and WEEE flows data. During the consolidations,
products are frequently encountered that were already submitted in the CRM parameter
templates that actually belong to a different UNU key. For a repeated exercise, the basket of
products should be reviewed early on. Here, the developed UNU key catalogue in D2.4, the
contribution of sub-keys in sampling data (p-f data) from D3.2 and D4.4 as well as the
statistical data from D3.5 needs to be taken into account at the beginning of an update;

Most data on the content of components in products originate from dismantling appliances in
the return stream. Relatively recent data are rare. As components and products change
rapidly with all seeing a high level of miniaturisation, an idea can be to organize dismantling
sessions with recycling companies, universities, with entities like iFixit, among others, in
order to receive more knowledge on the composition of new products and for those whose
information was not available when consolidating;

A new CENELEC standard on declaration of CRM content in EEE is under development
(CENELEC 2017), and it can be expected that eventually, reporting will become mandatory for

® Refers to a number of product-specific studies conducted in preparation for the EU Ecodesign Directive. EuP =
“Energy-using products”. European Parliament (2009). "Directive 2009/125/EC of the European Parliament and
of the Council of 21 October 2009 establishing a framework for the setting of ecodesign requirements for
energy-related products (recast)." Official Journal of the European Union.
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selected substances and products. This can potentially lead to a large amount of very
valuable data for describing product compositions. The processes leading to such decisions
are generally slow, and no new data is expected in the short-term. Moreover, there is no
guarantee that such data will become available for the EU-UMKDP. Future work with EEE
compositions should nevertheless monitor this development closely.

Despite the data availability and quality limitations, the consolidation exercise and new
information sources added provide the most up-to-date EEE composition datasets internationally,
covering the most common and CRM-relevant products and secondary raw materials well.

3.3.Vehicles composition data

Availability and type of data

The availability of comprehensive data (i.e. covering a large set of elements, materials and/or
components) on the composition of vehicles with respect to CRMs is limited to a handful of
studies (Ministry of Environment Japan 2009, Ministry of Environment Japan 2010, Alonso et al.
2012, Cullbrand and Magnusson 2012, Widmer et al. 2015, Andersson et al. 2016, Restrepo et
al. 2017). Three of these studies (Alonso et al. 2012, Cullbrand and Magnusson 2012,
Andersson et al. 2016) retrieve their data from the vehicle manufacturers’ own databases
(containing detailed data on the composition of every component in the vehicle) and present
these in an aggregated form (i.e. content per vehicle or vehicle subsystem). The remaining
studies retrieve their data from direct measurements of components from end-of-life vehicles or
output fractions from automobile shredders. Additional data on specific components (e.g.
catalytic converters) or materials (e.g. steel and aluminium), originating from manufacturers’
data, are also available and have been used within ProSUM.

On the one hand, considering the complexity of the product, available composition data for
vehicles is far from satisfactory to obtain good estimates of average vehicle composition. On the
other hand, variability within the product group is lower in comparison to the product group of
EEE, so that the required sample size to obtain a good estimate of the average composition of
new vehicles is lower than for EEE.

Quality of data

The two types of data available (manufacturers’ data and independent measurements), are
obtained using entirely different methods, and their quality is therefore discussed separately in
the following.

The three studies with a comprehensive assessment of CRM content from manufacturers’ data
all utilize the International Material Data System (IMDS), a database that has been created by a
consortium of automobile manufacturers (Audi, BMW, Daimler Chrysler, Ford Motor Company,
Opel, Porsche, Volvo and Volkswagen) to facilitate compliance with European recycling targets
and other regulations such as REACH. The system lets each manufacturer access compositional
data on components relevant for their vehicle models, with detailed information about
components, sub-components and substances contained in these. This information is provided
through data sheets by the component suppliers. IMDS contains a vast amount of detailed data
on individual components. This data is normally only accessible to the manufacturers. In the
available studies, access was granted for research purposes, but results were only allowed to be
published on a highly aggregated level of components/subsystems. A number of quality issues
with using IMDS to quantify CRM content have been pointed out in the study by Cullbrand and

Magnusson (Cullbrand and Magnusson 2012):
e For newer vehicle models, all datasheets may not be present in the database, i.e. there
are components with no information on the e-c level. In Cullborand and Magnusson
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(2012), the missing information was either obtained by direct contact with the suppliers,
or excluded from the study;

e Substances may be reported as “confidential substances”, “misc. not to declare” etc.;

e There are few controls of the data reported by suppliers, so it is likely that some data are
reported incorrectly.

The remaining studies are based on direct measurements of the chemical composition of vehicle
components or shredder output fractions. Measurement of shredder output fractions has the
advantage that it in principle can achieve a close to full mass balance of the vehicle composition
by measuring from all output fractions. In practice, this is not possible, as many components are
dismantled before shredding, and there are losses in the shredder process, e.g. magnetic
materials may remain attached to the shredder equipment. The outputs are highly
heterogeneous, which means that in a first step, very large samples must be taken, homogenized
and subsampled to obtain a representative sample for chemical analysis. In practice, such large
samples sizes are normally not feasible. Moreover, analysis of shredder output fractions cannot
provide any information on the location of CRMs, i.e. component-level data.

Measurement of dismantled components has the advantage that one can obtain very detailed
information on the composition of individual components. The main disadvantage is that, due to
the resources required, it is only feasible to perform such a study for a small number of
components and vehicles. Therefore, such studies can only contribute with “hot-spot” data,
focusing on components where it is suspected that most of the metal in question resides. All
studies based on measurements from end-of-life vehicles will necessarily provide information
that is mainly relevant for vehicle models of a certain age, typically reflecting the average lifetime
of vehicles, and will not capture the latest technological developments.

Recommendations for working with vehicles data

Apart from the small amount of data available, the main challenge with vehicle composition data
concerns how to represent such a complex product in a way that allows for harmonization of data
from different sources. Unfortunately, there is no agreed-upon or standardized way of describing
and grouping different vehicle components, and the groups and subsystems used are not clearly
defined. Different studies present data with entirely different levels of detail, referring to a
different set of component groups, materials or subsystems?. As a result of these differences in
vehicle descriptions, the consolidation of data within ProSUM was performed at a highly
aggregated level, for example by grouping all electrical and electronic components into one
subsystem. This naturally affects the usefulness of data in cases where detailed information
about where to locate critical or valuable materials in ELVs are sought. It would improve the
dataset on vehicles substantially if (in the continued work on the UMKDP) this component group
(electrical and electronic system) would be disaggregated into its constituent devices or control
systems. However, this requires that more detailed data becomes available. To consolidate new
and more detailed data with existing aggregate data, it would be necessary to allocate
components from the new and expanded list to the subsystems and component groups used in
existing studies and perform statistical data reconciliation.

In future studies, efforts should be made to produce data that are compatible with existing
datasets, and to develop a standardized list of components and subsystems for vehicles (Du et

” For example, the study by Alonso et al. refers to the following 13 subsystems: info and controls; interior;
steering and brakes; suspensions; tires and wheels; transmission; closures; electrical; exterior; engine; fuel and
exhaust; HVAC; while the study by Cullbrand and Magnusson refers to the following 14 subsystems:
powertrain mounts; wheels and wheel suspension; climate system; doors, boot and hood; infotainment;
engine system; safety electronics; restraints and air bags; body structure; standard components; transmission;
seating; exterior lighting; security and body electronics.
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al. 2015). Some work has been done in this direction by Restrepo et al. (Restrepo et al. 2017),
who classify 300 automotive electrical and electronic devices as controllers, actuators or
sensors, and group them into 71 different control systems. This approach is useful, since it takes
the physical (or wireless) connections between components as the starting point for grouping,
rather than less clearly defined categories such as “safety electronics”. IMDS, although
confidential, is a potentially important future data source, and its structure should be taken into
consideration.

The following set of recommendations for future work on composition data for vehicles is
recommened:
e Ensure that new data are compatible with existing datasets;
e Provide clear definitions of subsystems or component groups used, by listing all
components included in the given subsystem;
o Make data gaps explicit: when a hot-spot approach is used, point out which components
and materials were not included in addition to those that were included;
e Provide extensive description of vehicles investigated, including brand, model, model
year, fuel type, mass and an indication of equipment level (class) if possible.

3.4.General recommendations

The work with product composition data in ProSUM has involved an extensive review of available
data, evaluation of data quality, harmonization of data from different sources and calculation of
representative product compositions. Throughout this work, the general working process was to
first define (as well as possible) a procedure for the work (e.g. templates and code lists), and
then implement it in practice. The first step is crucial, but is usually difficult to do without the
practical experience of the second step. In practice, revisions to the procedure were always
made. This iterative process of testing and revising the procedures is however time-consuming,
and due to the goal-oriented approach of ProSUM, it was often necessary to move on with the
practical implementation although further revisions to the procedure would have been welcome.
In this chapter, the most important experiences from the work with composition data are
summarised, and recommendations provided for how to continue the work in the future.

Code lists

Consolidation of data from different sources into a harmonized system rests on the use of code
lists to designate the meaning of the data. A large number of code lists were used for the work
with product composition data, the most important8 of which are the code lists for products (UNU
key, UNU sub-key, UNU device type, BATT key, BATT sub-key and vehicle key), components,
(component, component group) and material (material, material type), which are used to define
what object the data refer to. The definition of the UNU keys (for EEE) had been done prior to
ProSUM. They are (for the most part) clearly defined, allowing little room for interpretation. The
BATT keys follow logically from the different chemistries of the most common battery types. The
vehicle keys were defined within ProSUM, but were defined to match the description of vehicle
types used in EU statistics. They are also clearly defined.

The main challenge therefore lies in the code lists for materials and components. These code
lists should firstly, to conform with the objectives of ProSUM, allow for describing products in a
way that facilitates recycling though identification of CRM “hotspots” (Baldé et al. 2015).
Secondly, the code lists should facilitate the harmonization and consolidation of data from a wide
variety of data sources. While the first point could be reasonably addressed after an initial review

8 Important in the sense that the definition of these code lists largely determines the further work with
recording and consolidating data.
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of main data sources, the second point requires detailed knowledge of most of the data.
However, such detailed knowledge can only be obtained by systematically bringing data together.
This leads to a recursive problem: a good definition of code lists is difficult before recording the
data, but recording the data cannot be done well without the definition of code lists. In practice,
the code lists of ProSUM were first defined according to the objectives, and later revised to
accommodate data that did not fit in the existing lists. Proper definition of code lists is a very
time consuming process, as it requires clear definitions of every code. At the time of writing, the
ProSUM component code list contains 295 components, and the material code list contains 444
materials. Due to the complexity of the products of interest in ProSUM® and the number of
different representations found in data sources, it was not possible to provide detailed definitions
and correspondence tables for all components. This led to some difficulties in interpretation and
consolidation of different data sources later. However, even perfect definition of code lists would
not have resolved all such problems, as primary sources rarely provide unambiguous
descriptions in the first place. Based on these experiences, it is recommended to invest more
time in developing good component and material code lists.

Aggregation of materials and components

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. One data source may provide
the following composition of a laptop: 1% cables, 14.5% polymers, 6.5% printed circuit boards,
18.5% liquid crystal display, 1% LED backlighting, 35% metal alloys, 4% others. Another source
may provide this composition: 109g keyboard, 177g CD drive, 8¢ RAM, 206g motherboard, 4¢g
CPU, 800g display, 369¢g top casing, 292g bottom casing. It is clearly difficult to consolidate the
data from these two sources, as they refer to entirely different sets of materials and components.
In ProSUM, two different approaches have been used for consolidating data that refer to different
sets of components and materials. The first, most common approach has been to aggregate data
to a level that works for all data sources. This approach is illustrated for two different data
situations in Figure 4 and Figure 5. In the data example above, which is conceptually illustrated
in Figure 4, aggregation is difficult, since there is no common set of components and materials
that works for both sources. Data source A and B use component/material sets that are
incompatible. To take both data sources into account, one may aggregate all the way to the
product level, working only with the calculated e-p data, but this leads to a loss of most of the
information.

° A passenger vehicle consists of about 30’000 individual components.

28



Consolidated data
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Data source A Data source B

Figure 4 Consolidation of data from two incompatible sources. Data sources A and B have similar levels of detail, but
the sets of components/materials used are incompatible. To take into account data from both sources, they are both
aggregated to the product level, leading to a loss of information. In this case the component/material level disappears
altogether. Alternatively, one of the sources could be discarded.

In more fortunate cases, sets of components and materials from different sources are
compatible, so that one source may be aggregated to the level of the other. This data situation is
illustrated in Figure 5. Here, information is lost only from one source. The vehicles data set was
created using the approach illustrated in Figure 4 and Figure 5. For example, the component
electrical and electronic system does not appear in any of the primary sources, but was
introduced in ProSUM to accommodate data from several sources with data on a more detailed
level.

Consolidated data
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& o : %2
&g Aggregation %»z%
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Data source A Data source B

Figure 5 Consolidation of data from two compatible sources. Sources A and C use different sets of
components/materials. Source C provides a higher level of detail than source A, using a set of components/materials
that is compatible with the smaller set from source A (i.e. the components/materials of source A can be obtained by
grouping the components/materials of source C). To utilize both sources, data from source C are aggregated, leading
to a loss of information from this source only.

The second approach, which was used for the EEE data works in the following way: instead of
aggregating, the details from all sources are kept in the calculation of the representative
composition. The approach is illustrated in Figure 6. All components and materials from all
sources are kept, but their masses are adjusted so that they still add up to 100% of the product
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mass. As a consequence, the components and materials of the consolidated data are not
mutually exclusive, rather there is some overlap (two of the car wheels in the example are
covered by the aluminium material instead). The advantages of this approach are that: 1) it
allows for a quicker consolidation of data from many different sources without going through the
time-consuming step of manually selecting a reasonable aggregation level; and 2) it allows for
retaining all information on the e-c and e-m level in the final consolidated data. The obvious
drawback is that the data on the m-p and c-p levels are meaningless in isolation. For EEE data,
the approach works well because the components that are most relevant for CRM content (e.g.
printed circuit boards) are nearly always included in the component lists of the primary sources,
and hence there is no bias introduced in their c-p data.

Consolidated data

§§ / « Keep \6\&2’%
b everything» >

Data source A Data source B

Figure 6 Consolidation of data from two sources with incompatible component/material sets. Think of the bottom left
car as two components (wheels and body) and the bottom right car as two materials (steel and aluminium). After
consolidation, we describe the top car as consisting of 2 wheels, half a body, some steel and some aluminium.
Obviously, this makes the consolidated m-p and ¢c-p meaningless in isolation as they grossly underestimate the mass of
each component/material. However, on the e-c and e-m level a lot more detail is retained and the overall estimate of e-
p should be more accurate due to full utilization of the data.

Both of the approaches used in ProSUM have the significant drawback that they lead to a
substantial loss of information. In the case of incompatible component/material lists, it is not
possible to retain the information from all sources in the calculation of an average composition.
In the case of component/material lists that are compatible, a more desirable outcome would be
as illustrated in Figure 7. Here, the consolidated data retain the level of detail from the most
detailed data source, while still including the more aggregate information from source A. This is
possible by performing statistical data reconciliation (Cencic and Frihwirth 2015). The method is
used for consolidating mass flow systems with redundant information (e.g. detailed inputs and
total output of a process are known), but could be applied in exactly the same way to composition
data (which also have to respect mass balance). Data reconciliation requires that the
correspondence tables between all components and materials are properly defined, and that a
probability distribution is specified for each input parameter. Due to the large amount of work
required, statistical data reconciliation was not implemented in ProSUM, but would be an
interesting alternative to improve the consolidated data sets in the future. It would still be
necessary to choose a level of detail for the consolidated data, and it would require a substantial
amount of work to define the correspondence tables between all components and materials.
There would still be some loss of information from sources that use component/material lists
that are incompatible with the list chosen for the consolidated data (as illustrated in Figure 4).
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Figure 7 Data reconciliation in the consolidation process. Data from two sources are consolidated. The data situation is
the same as in Figure 5, but instead of aggregating the data from source B, statistical data reconciliation is performed.
In effect, the data from source B are adjusted up or down based on the observations from data source A. The higher
the uncertainty of data source B, and the larger the difference between source A and B, the larger the adjustment to

the data. This procedure was not used within ProSUM.
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Annex 1 - CRM parameter template

The CRM parameter template used for recording composition data from primary sources is
supplied as Annex 1 to this deliverable report.

Annex 2 - Data portrayal template

The data portrayal template used to provide consolidated data sets for harvesting to the EU-
UMKDP is provided as Annex 2 to this deliverable report.
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