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Introduction

DESIRE will develop and apply an optimal set of indicators to monitor European progress
towards resource-efficiency. A combination of time series of environmentally extended
input output data (EE IO) and the DPSIR framework is proposed as basis for the
construction of the indicator set. This approach will use a single data set that allows for
consistent construction of resource efficiency indicators capturing the EU, country, sector
and product group level, and the production and consumption perspective including
impacts outside the EU. The project will
a) improve data availability, particularly by creating EE IO time series and nowcasted data (WP5).
b) improve calculation methods for indicators that currently still lack scientific
robustness, most notably in the field of biodiversity/ecosystem services (WP7)
and critical materials (WP6). We further will develop novel reference indicators for
economic success (‘Beyound GDP and Value added’, WP8).
c) explicitly address the problem of indicator proliferation and limits in available data
that have a ‘statistical stamp’. Via scientific analysis we will select the smallest set
of indicators giving mutually independent information, and show which shortcuts
in (statistical) data inventory can be made without significant loss of quality
(WP8)
The objectives of WP6 on Critical material indicators are:




To specify and define a number of indicators relevant for (critical) materials,
including for the stock and flow of materials in society;
To link those indicators in the project framework to Input Output analysis;
To calculate the indicators for a number of critical materials.

This report describes the results for Deliverable 6.3 and concerns mainly the second and
third objective, linking the indicators to Input Output analysis the calculation of the
indicators for critical materials.
This objective involves the following:
(a) Selection of a number of critical materials to assess. Since SFAs will be done as a
basis to calculate the indicators.
(b) Collecting data on those materials. Statistical data will be the first source. Additional
information will be required: (1) data regarding the material content in certain products,
(2) data to enable a sectoral specification of the SFAs, (3) additional data with regard to
socio-economic developments and other variables that determine the demand for such
materials.
(c) Calculating the indicators and subjecting them to the macro-scale references as
indicated in Task 6.1. Once the SFAs are available, they will provide the basic information
from which the indicators as specified in Task 1 can be calculated.
(d) Review of the preliminary set of indicators and revising this set if appropriate.
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As proposed in WP6.1 the indicators for critical materials are:
For the extraction phase
- Critical material footprint (by material or group of materials per country.
- Supply concentration (if possible as used by Graedel et al., 2012)
- Annual production compared to the economic reserves
- Overall material loss (over the extraction phase)
For the production phase & product demand
- Development of the critical material composition per product (gram/product as an
efficiency indicator)
- Dissipative use ratio (dissipative use over use in recoverable products)
- Apparent consumption by material (economy wide)
- Material demand growth index
- Total value of products containing a specific material (in order to better estimate the
economic importance, one of the criticality factors)
- Overall material loss (over the production phase)
For the use-phase & disposal
- Societal stock build-up
- Ownership rates of different appliances (driver related indicator)
- Value involved in critical material flows over total expenses (allows for a better
calculation of the economic importance too)
Wastes/recycling
- Recycling vs. total waste generation ratio’s
- Waste stream composition (for example for e-waste, see Duan et al. (2013))
- End-Of-Life recycling rates for specific materials
- ratio of primary vs. recycled material use

The structure of this report is as follows:
-

General introduction Desire Framework and Indicators (Chapter 1)
Reflection on suitability of IO for critical material indicators (Chapter 2)
SFA method, data and results of SFA case studies (Chapter 3)
SFA Case study results (Chapter 4)
Waste and recycling indicators (Chapter 5)
Discussion and conclusions (Chapter 6)
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Practical suitability of MRIO for
material criticality assessment

Summary: The task of work package 6 is twofold: a) to provide resource efficiency
indicators for critical materials, and b) to investigate the use the MRIO framework to
calculate those indicators. This section covers part b)

In D6.2, we describe a hybrid mixed unit MRIO model that is in principle suitable for
modelling the flows of critical materials in an IO framework and for determining flowbased resource efficiency indicators. The theory is ready, but is the data good enough to
allow us to build accurate hybrid IO models and to determine robust indicators beyond
proof-of-concept studies? This is the question this section is trying to answer.

We first comment on the conceptual differences between SFA and I/O models, and
continue by describing the multi-regional mixed unit I/O model that we built as basis for
the criticality assessment. We summarize our experience and give recommendations for
future work.
In the following, a ‘critical material’ is a material, typically a metal, which is produced in
much smaller quantities than the bulk materials. It is used in specific alloys and
applications and it is part of a large conglomerate of materials in the supply and use
table (SUT) or IO model. Examples include tantalum, indium, or niobium, which are all
part of the non-ferrous metals sector in typical IO tables.

2.1

Different system structures of SFA and I/O

Critical materials and indicators for material criticality are traditionally studied using
material and substance flow analysis (MFA, SFA) (Brunner and Rechberger 2004). The
typical setup of an SFA system of a metal cycle is shown in Figure 2-1. The black arrows
represent commodities or waste flows that contain the metal studied. They are typically
quantified in terms of the metal flows contained in these products or waste flows.
A central methodological aspect of DESIRE WP6 is to explore whether monetary and
physical MR-SUTs and the derived MRIO models are suitable tools for the quantification
of flows of critical materials and indicators for material criticality. Figure 2-2 shows the
system structures of a simple supply and use table (SUT), the CREEA SUT which is the
basis for the I/O modelling in DESIRE, and the derived I/O models.
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Figure 2-1. Typical system structure of an SFA model for a complete metal cycle. The
model is generic; it was developed from the cycle model of the STAF project (Lifset et al.
2002). In many case studies the process resolution is much higher for some of the four
basis processes depicted. In-use stocks and the waste handling industries are not always
included.
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Figure 2-2. System structure of supply and use tables and the derived I/O models.
Adapted from Pauliuk et al. (2015). a) Simple supply and use table (SUT) with supply
table V, use table U, value added v, and final demand y. b) CREEA-SUT, which also
includes waste accounts W, natural resources R , emissions to the environment B , and
trade N (Merciai et al. 2013; Schmidt et al. 2012). c) Multi-regional I/O model built from
the SUTs above. Waste treatment and trade is endogenized in the MRIO models using
the CREEA SUT, and emissions and natural resources are modelled as satellite accounts b
and r.
The systems in Figure 2-2 have two components: industries and markets. Each of them
represents a set of industries and commodities for a certain number of regions. SUTs and
MRIO models are commonly quantified in monetary units, and only few purely physical or
mixed unit SUTs and I/O models exist, including the CREEA PSUT (Merciai et al. 2013).
When comparing the SFA system structure (Figure 2-1) with the system structure of IO
models (Figure 2-2 c), four major differences between SFA and MRIO can be found:

1) Coverage of stocks: The MRIO framework does not contain stocks, and in
particular, the use phase of materials is not part of the model. Any indicator
relating to anthropogenic stocks, such as the ratio of metal in urban mines vs.
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natural mines, cannot be determined by an IO framework. Metal flows in EoL
products can be forecast to some degree using dynamic stock modelling, which,
however, is not part of the IO framework. For indicators on stocks and recycling,
especially including changes over time, a dynamic stock model is required (Pauliuk
et al. 2014).

2) Resolution: MR-SUTs and MRIO models contain information about the structure
of the world economy at a given point of time, classified into R regions, P product
groups, and I industrial sectors. The information contained in an MRIO model and
the one contained in an SFA of a critical material is often complementary. The
product and industry resolution of MR-SUTs and MRIO models is much coarser
than the industries producing and typical applications using critical materials. On
the other hand, the sector and product classification of an MRIO model is generic
and can be applied to all metals in a uniform manner. It sometimes offers a
higher resolution than the sectoral or end-use split in many SFA studies, which
comprises between one and ten end-use categories. Regional detail is sometimes
higher in MRIO than in published SFA studies, which often only cover single
countries or the global economy. The question is whether one can get new
insights on critical materials from combining SFA and MRIO models to a hybrid or
mixed unit model like the one presented by Nakamura and colleagues (2008) or
the one by Hawkins and colleagues (2007).

3) Unit of measurement: Another central difference between SFA and MRIO is the
unit of measurement. An MFA/SFA is conducted in physical units, either in the
natural unit of the material (kg or items), or in kg of the substance studied. MRIO
analysis is commonly performed in monetary units, and the available monetary
MRIO tables are considered mature models of the monetary aspect of society’s
metabolism. Due to price inhomogeneities and sectoral and product aggregation,
monetary IO is only of limited value to answer questions related to the physical
flow of materials through the economy. This problem has been described at many
places in the literature (Merciai and Heijungs 2014; Weisz and Duchin 2006;
Duchin 2009). To allow for better quantification of physical inter-industry flows in
an MRIO model, a mixed-unit MRSUT was developed as part of the CREEA project,
and we got the chance to study the suitability of these data for assessing material
criticality indicators.

4) Development over time: Because of the much smaller number of system
variables and the smaller effort required to quantify them, SFA/MFA systems are
much easier expandable into dynamic models than IO tables. This makes SFA
models more suitable for prospective modelling of critical material flows than IO
tables, especially when dynamic stock models are included into the former.
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The multiregional waste-SUT and waste-I/O model
(MR-WIO)

Two MR-SUTs with the same sectoral, product, and regional resolution were available to
us, and we had to make a decision on which to use or how to combine them. While the
monetary CREEA MR-SUT version 2.2.0 (mSUT) is a balanced table that is the latest
version of a mature family of MRSUTs (Wood et al. 2014), the mixed unit CREEA MR-SUT
(hSUT, which stands for ‘hybrid’ or mixed unit SUT) is the first of its kind (Merciai et al.
2013). On the other hand, many products and waste flows in the hSUT are described in
physical units, which makes this table more suitable for studying material flows. In a
mixed unit SUT is it not possible to formulate the industry balance, because the different
products entering and leaving the industrial processes are measured in different units.
This important balance equation is therefore not available when reconciling the raw data.
When testing the CREEA hSUT for consistency, we found a mismatch between supply and
industrial use for many products. In a global SUT, industrial use should not exceed
industrial supply except in some exceptional cases where products released from
inventories account for the difference. For the CREEA hSUT, however, we found that for
32 out of 79 primary products measured in tons, global industrial demand exceeded
global industrial supply. In 10 cases, the industry uses 50% more than what it produces.
This obvious discrepancy cannot be seen on first sight, because the hSUT appears to be
balanced. It turns out that negative inventory changes (releases from inventories)
account for the difference. Since the physical supply table was obtained from production
statistics and can be regarded as rather reliable, one can assume that most of the
imbalances are due to wrong numbers in the physical use table; many of these numbers
are too high. This means that an A matrix built with these data would overestimate the
intermediate requirements, as the technical coefficients would be larger than what one
would obtain from a balanced SUT. It is not reasonable to construct IO models from an
obviously and substantially imbalanced SUT, as large systematic errors are introduced
into the IO model. Instead, we base our MR-WIO model on the monetary SUT, and use
physical data only to describe the waste treatment sectors, were monetary data are not
available.
We now have a mixed unit MR-SUT with 200 products and 163 industries. The next step
is to aggregate different products to reduce their number to 163. The aggregation step
involves the different fuel types recorded in the SUT, all of which do not contain metals
and hence can be aggregated without reducing the model’s capability to track metal
flows. Aggregation involved the different types of coal, natural gas, coke products, and
refinery products into four new categories.
The full version of the waste-SUT contains 48 regions. Different aggregation of regions
can be applied to the pySUT. Regional aggregation includes a global model (1 world
region), a two-region model (Europe and the rest of the world), a five-region model, a
ten-region model, a 20-region model, and a 25-region model.
To convert the SUT into an I/O model, the byproduct technology construct (BTC) is
applied. This construct leads to a waste-I/O model similar to the one described by
Nakamura and Kondo (2002). The BTC allows to model the substitution of recycled
material for primary material, similar to SFA models. Since the SUT comes in mixed
units, the more established constructs CTC and ITC cannot be applied to the SUT as a
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whole, because the total industry output g is not defined for a layer with mixed units.
Depending on the level of regional aggregation, some waste treatment sectors may lead
to unreasonably high technical coefficients that dwarf all other entries in the matrix.
These processes and their corresponding main products are then deleted from the model.
This affects waste water treatment of food waste.
The result of this procedure is a multi-regional IO model where waste treatment sectors
are described separately from the main industries, and where the by-product technology
assumption allows waste treatment sectors to supply secondary products to the markets
for main products.
This MR-WIO model comes very close to the original WIO model developed by Nakamura
and Kondo. The difference between the original WIO model and the MR-WIO model
described here is the absence of an explicit waste allocation matrix S in the latter. Similar
to Lenzen and Reynolds (2014), our MR-WIO model is derived directly from a SUT in one
calculation step, and the S-matrix is part of the model. In the CREEA SUT, the output of
the waste treatment sectors is measured as treatment service which is purchased by the
waste supplying industries. That means that there is a 1:1 correspondence between
waste types and treatment processes and hence, the S matrix equals the unit matrix.

2.3

Practical suitability of MRIO for material criticality
assessment: Discussion

We discuss the central methodological question of this work package: Given the currently
available data and data quality of MRIO, is this model framework suitable to determine
robust indicators related to critical materials?
Our answer is largely negative. This has two reasons, which we discuss in turn.

2.3.1

Lack of data

The published material-related case studies with the (MR) I/O models contain novel
methodology and demonstrate the principal usefulness of the I/O framework to quantify
flows of potentially critical materials and determine associated resource footprints
(Hawkins et al. 2007; Nakamura et al. 2008; Ohno et al. 2014; Nakajima et al. 2013).
Those studies are based on disaggregated country-specific tables. Results of hybridized
I/O studies that are complementary to SFA study results include: the critical material
footprint of final consumption, the critical material concentration of the different final
demand categories, and an identification of major paths that involve critical material use.
Due to limited data availability in the multiregional case, results of hybrid studies
admittedly remain ‘first order estimates’ (Moran et al. 2014) and the case studies must
be seen as proofs of the concept. Large uncertainties are introduced by the need to have
several conversions between monetary and physical layer and the assumption of
homogenous products. This is especially problematic for critical materials and part of the
nonferrous metals group, which come with price variations of more than five orders of
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magnitude (Eurostat 2013) and which are used in very different concentrations in a wide
range of products, as shown below in this report.
We provide some more detailed explanations for our argument, focussing on conversion
between monetary and physical layer and the level of aggregation and the assumption of
product homogeneity, which are typical of MRIO:
Challenge 1: Monetary vs. physical data. Additional uncertainty is introduced by the
use of different layers. Many critical materials are traded on a global market, and one
might expect prices to be rather homogenous. However, this is only the case for metals
traded on a metal exchange. For critical metals, many transactions are private and for
some metals, especially those originating from conflict areas or from illegal or
unregulated mining and refining activities, a considerable black market exists (Moran et
al. 2014). This leads to price inhomogeneities, which makes the coupling between
monetary and physical coefficients more uncertain. The “downstream” coupling
coefficients (the coupling matrix of technical coefficients ‘background to foreground’) can
therefore not be estimated accurately, and the results fabricated by using pro-rated
coupling coefficients may not reflect the real situation.
Challenge 2: aggregation and product homogeneity. A second major challenge
related to assessing critical material flows in an I/O framework is the level of aggregation
of the data in the IO table. Typical flows of critical materials are much smaller than the
inter-industrial flows of the more aggregated IO categories. Most critical materials are
part of non-ferrous metals. Since the output of this sector, nonferrous metals, are
considered homogenous in the IO framework, it is not possible to say something about
the use of critical metals without additional information. Such information is rare,
however. Data are available for supply or production of critical metals for different
regions; they are commonly measured in physical units and seldom in monetary units.
Very few data exist on the input structure of different industries regarding specific
metals. LCA data could be used, but this would require a complete and highly
disaggregated MR-PIOT, which is not available. Next to the unknown input mix of
different metals for the industrial sectors, there is considerable inhomogeneity in the
product mix of the different industries, and in the purchase mix of these products. Hence,
the impact of aggregation on the uncertainty of the flow estimates for critical materials is
twofold: First, the specific input shares of critical materials in NFMs are not known and
second, the output distribution of critical materials into specific products is much finer
than the typical IO classification.

2.3.2

Uncertain detailed information is unsuitable for policy
relevant indicators

Policy-relevant efficiency indicators need to be robust and cover a policy-relevant section
of the industry. For critical materials, these two criteria are hard to fulfil with the results
of present hybrid MRIO case studies. These results are too specific on the one hand and
too uncertain on the other, which makes them little suitable to inform policy makers
about material criticality using indicators that fit into the general indicator scheme
developed in WP 4. More robust and more aggregated indicators are needed and we
recommend resorting to dynamic SFA/MFA to determine resource efficiency indicators for
critical materials.
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SFA: method, data needs and
formalized data sources

In order to derive critical material flows through Europe the EUROPROMS statistics
(EUROSTAT, 2014) are used to determine the apparent consumption of critical materialcontaining ores, materials and products (see figure 3-1 “production and trade statistics”).
Secondly, a review of critical material concentrations in those products is performed (see
figure 3-1 “product composition”). Combining these data and performing some additional
data processing steps yields the apparent consumption of critical material in various
European ores, materials and products, which were then categorized into production
stages to result in a highly detailed flow-diagram of critical material in raw materials,
semi-finished products as well as in products for final consumption (see figure 3-1
“Sankey diagram”).
Next, the apparent consumption of end uses of critical materials in products can be used
as input for a waste assessment model. With this model it is possible to assess the
expected future critical material recycling potential from consumer wastes by assuming
Weilbull life-time distributions. Figure 3-1 indicates how the method comprises of 13
subsequent steps, and how these are covered in the sections in this report. The scope of
this report is the compilation of the Sankey diagram. So this report will stop at step 11.
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Information inputs
1. Draft a list of relevant products

Data flow

See section:

2. Get trade & production data (Europroms)

3. Fill in data gaps (based on monetary flows)

production and
trade statistics

4. unit conversion (Eurostat data trade stats)

5. Review product compositions

6. Combine weight & composition into flows

product
composition

7. Disaggregate flows (BGS)

Sankey diagram
8. Expert opinion + optimization

9. Allocation of flows to production stages

10. Visualisation of Sankey diagram

11. Review of product lifetimes

12. Apply Weibull distributions

13. Visualisation of waste profiles

Results

Consumer
waste
assessment
Results

Figure 3-1. Overview of methodological steps in this study and the sections describing
them.

Practical demarcation of the SFA for this critical material case study
The scope of this SFA case study on critical materials is for practical reason delimited to
the regions “EU27” and “RoW ” and the year “2007”. However, note that the databases
that will be described in the next section contains detailed data for different reporting
countries in the EU27, different partners of trade in the Rest of the World (RoW) and
different years.
Case studies will be performed for Tantalum (Ta), Indium (In), Neodymium (Nd) and
several steel alloying elements Chromium (Cr), Manganese (Mn), Molybdenum (Mo) and
Vanadium (V).
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Production and trade statistics: Identifying critical
material containing materials and products

The first step that has to be taken is to identify which materials and products are
relevant for the particular critical material that is analyzed. Of course there is (yet) no
formalized step or database to do this.
However, recently a number of critical material studies have been commissioned by UNEP
and EC which give an overview of the application of a number of critical materials. (EC,
2010; UNEP, 2010, Polinares, 2012).
Next also the USGS and BGS yearly report commodity summaries in which also
information is given of the worldwide application of commodities in product groups
(USGS, 2014a).
Case by case, finally information can be gathered based on case specific literature
surveys and expert judgments.

3.2

Production and trade statistics: data gathering of
critical material containing materials and products

In the second step of the procedure, the identified materials should be matched to their
proper items in the available statistics. Statistics of production, import and export of
materials and goods are used to calculate the apparent consumption of materials and
goods in a region. The Europroms dataset (Eurostat, 2014) conveniently combines the
Eurostat production statistics, with the appropriate items of the trade statistics at a high
level of detail (identifying 88 products, at the 8 digit level of the Prodcom classification).
For the compilation of the SFA for Critical material the PRODCOM classification
“PRODCOM code 2007, NACEV1.1”1 is used. The production data are based on the
annually SOLD data, i.e. the production sold outside the company.
The matching of identified materials and products to the appropriate items in the
statistics is not straightforward. For example some of the applications are defined on the
level of intermediate materials. These materials also will be part of final products. In
these cases expert expertise is necessary to interpret in which final products particular
intermediate materials are applied.
In many cases the identified products are represented by multiple items in the available
data. For example, the automotive category is represented by a selection of data on 12
passenger car types, 4 public transport vehicle types and 6 freight vehicle types.
However, also the opposite might be the case. Sometimes the statistics are on an
aggregated level. This is particularly the case for the raw materials, like ores and
concentrates,and some intermediate materials, like articles of alloys. If the level of detail
1

This code is chosen to facilitate a possible linkage of the SFA data to IO tables from Exiobase.
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of the statistical item is insufficient, an additional breakdown of the item is necessary,
e.g. based on USGS (USGS, 2014) and or BGS information (BGS, 2011; 2015), as will be
discussed in the section on the Sankey diagram (step 7). The full link between the
selected product categories and the Europroms database is disclosed in the spreadsheets
that can be downloaded from the Desire website.

Apparent consumption data in Europroms
Eurostat compiles separate trade and production statistics (see appendix). However, also
combined balances are compiled by EUROSTAT, the Europroms database. Whereas Prodcom only
refers to production data, Europroms refers to the combination of production and external trade
data. The data are available for the indicators Value in Euros and Physical Quantity expressed in
different units (kg, m, m2, m3, pieces).


The data is displayed by Prodcom heading, and the equivalent CN headings are
aggregated to provide the data equivalent to the Prodcom heading.



For individual countries the trade with all partners, both Intra & Extra, is aggregated to
provide the total external trade for the country.



For EU totals, only Extra partners are aggregated, so that trade with the rest of the world
is reported

The data compiled in the Europroms database are of particular interest for the estimation of
apparent consumption of materials and products. The detailed trade statistics from ComExt are
selected, aggregated and linked to the appropriate Production statistics from Prodcom by
EUROSTAT. So this elaborate job already has been formalized and executed by the statistical
bureau.

3.3

Production and trade statistics: Filling in data gaps

The third step consists of filling in (some of) the missing data. Europroms provides
statistics on the production and trade of goods. The data are available for the indicators
Value in Euros and Physical Quantity expressed in different units (kg, m, m2, m3,
pieces). However, in a few cases the extracted Europroms data for trade in physical units
seems to be lacking while production data in physical terms are present. In those cases,
it is assumed that the European price is a representation of the price of the imports &
exports, in order to derive the physical amount of products from the given value of the
trade.
Other possible data gaps or miss matches between the identified list (step 1) and items
in the Europroms statistics (step 2) will be identified. However, in this case study no
attempts have been made to gather data from other sources than Eurostat Europroms
statistics.
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Production and trade statistics: Unit conversion

In the fourth step, the units are harmonized, so that all Europroms production and trade
data are expressed in kilograms. Roughly half of the data in the database provides
information on products in physical units, like pieces, volume (m3), area (m2) or length
(m). If available, the average weight as provided by (Eurostat, 2010) was used for the
conversion.
Because these general unit conversion factors were not available for all commodities,
additional factors appeared to be necessary. In this case study critical material specific
unit conversion factors are used based on literature reviews and expert judgments.
These case specific factors had to be compiled case by case. However, it has to be noted
that some of these unit conversion factors may be applicable for more than one critical
material. Naturally, in these cases the same factors should be used.

general conversion factors for commodities classified by the Combined Nomenclature (CN8)
The physical quantity of trade in the ComExt statistics is expressed in mass (kg). additionally,
quantities are sometimes also expressed in supplementary units.
The physical quantity of production in the Prodcom statistics is expressed in different units. Most
of the items are expressed in mass (kg) but also other magnitudes are used, e.g. number (pieces),
length (m), surface (m2), volume (m3) etc.
The content of critical materials (see section 2.5) mainly will be expressed in weight %, but
sometimes also other ratios will be given, like e.g. kg critical material per piece.
In order to align these different types of magnitudes and units one needs conversion factors, like
density and weight per piece etc. For this purpose the unit conversion factors of EUROSTAT for
the ComExt trade statistics is used.
These general conversion factors are given for the different commodities classified by the
Combined Nomenclature (CN8). The Eurostat conversion factors lists for 2011, 2010 and 2009 are
available on the Eurostat website (Easy Comext metadata):
http://epp.eurostat.ec.europa.eu/newxtweb/downloadobject.do?keepsessionkey=true&filename
Out=NOTA%20BENE%20FOR%20INTRASTAT%20NET%20MASS%20SINCE%202006.zip&mimeType
=application/zip&objectID=632&objectType=LOB&disposition=attachment
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Product composition: Critical material content of
materials and products

Given the list of kilograms of products imported, exported and produced, the next step is
to review the critical material concentrations for each of these materials and products. A
single number per product is assumed, thus assuming that the material content of
imports products is equal to the content in domestically produced goods. The critical
material content of materials and products is based on case specific literature studies
(e.g. Buchert et al., 2012; Oguchi et al., 2011; UNEP, 2013) and/or LCA databases
(Ecoinvent, 2014).
While compiling a database on concentrations of critical metals in materials and products
it is aimed to develop a tiered database. For example the tantalum and indium content is
given per semi-product (e.g. semi-conductor, LCD monitor), while the amount of semiproduct is given per product (e.g. car, television). In this way data can be made
applicable for many products and many different critical resources.

3.6

Product composition: Allocation of Europroms statistics
to concentration data

The list of critical material concentrations cannot directly be multiplied with the
Europroms statistics on product weights , because of two reasons.
First of all, in some cases only part of the considered product sales actually contain
critical material. For example, only very few semiconductors contain Tantalum while the
Europroms database does not distinguish “Tantalum containing semiconductors”, it only
provides the sold volumes of various semiconductors (diodes, transistors and others). If
one finds information on the composition of Tantalum containing semiconductors, one
needs to also provide an assumption on the market share of the sales of semiconductors
that contain Tantalum.
Secondly, also a conversion factor should be defined in case the Europroms data
considers products for which the concentration only applies to a specific subcomponent of
the product. For example, “central storage units” were considered relevant, because they
contain hard disks (HDDs), but as they represent the usually much larger professional
stacked server racks, the concentration found for a simple consumer HDD does not
apply. In such cases an additional assumption has to be made to determine the fraction
of the subcomponent in the product to which the available concentration data apply.
So the sixth step is about allocation of Europroms statistics to the items for which
concentration data are specified for the critical material. In this step conversion factors
are defined indicating the market share and/or part of the product of the Europroms
statistics to which the concentration data apply.
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The necessity of these type of conversion factors should be identified and compiled case
by case, ideally based on literature survey and expert judgment.
Sometimes trade statistics from the ComExt database using the CN-classification or other
classifications (HS, SITC) might contain a more detailed break down of items than the
items compiled in the Europroms statistics. These more detailed import and/or export
data might be used as an indication for the break down of the market shares of the
Europroms statistics, assuming a same break down for the production statistics.
(LCA) product databases (e.g. Ecoinvent, 2014) and studies might contain useful
information on the composition of products into subcomponents.

3.7

Sankey diagram: further break down of flows if possible

A Sankey diagram is a graphic illustration of flows, like energy, material or money flows.
Usually the flows are illustrated as arrows. The width of the arrow is proportional to the
size of the represented flow.
In this project the Sankey diagram will be used to represent the flows of critical materials
(kg) related to the raw materials, intermediate products and final consumer products in
the region of EU27 in the year 2007. Inflows into the region are the extraction of raw
materials and the import of raw materials, intermediate products and final consumer
products. Outflows from the region are the export of raw materials, intermediate
products and final consumer products. In the Sankey diagram also the transfer of raw
materials into intermediate products and subsequently final consumer products is
depicted.
In order to be able to draw up a Sankey diagram which relates raw materials to
intermediate materials and final products it might be necessary to further break down the
critical material flows. In this case additional assumptions have to be made to further
disaggregate & allocate the critical material flows.

3.8

Sankey diagram: Expert opinion and optimization

The distribution of raw materials over sub-component production and the subsequent
distribution of sub-components over final products was derived using an optimization
routine based on a linear programming simplex algorithm (Dorfman et al. 1958) in
combination with conditions set by the available qualitative studies. The applied
conditions are for example that specific raw material forms (e.g. metal form, metal
oxides) are attributed to specific intermediate materials. Furthermore, specific
intermediate materials are attributed to specific final products. The actual amount of
(raw) materials allocated to the specified applications is performed in the next step
“allocation”.
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Sankey diagram: Allocation of flows to production
stages

extraction

raw materials
ores
&
concentrates

A1

intermdiate products
sub-components

A2

exports

imports

exports

imports

exports

imports

Figure 3-2 represents the conceptual model of an SFA, where A1 & A2 are the two steps
requiring allocation of the flows. In the optimization and allocation procedure it is
assumed that the inflow into a production stage (box) is equal to the outflow of a
production stage. Furthermore it is assumed that the apparent consumption (production
+ import – export) of stage 1 is equal to the production in stage 2 plus possible losses
and/or accumulation in stage 1. Each box also has a balancing item.

final products

into use

balancing

balancing

balancing

direct use of materials to produce final products

Intra -EU
Figure 3-2. Schematic overview of the critical material flows considered in this study. A1
& A2 represent the flows that need further allocation, as described in the text.
The balancing item represents the off balance of the flows for each of the stages (boxes).
There are several possible explanations why the flows might be off balance:
-

statistical differences between the stages due to data gaps and/or inconsistencies
losses (emissions, waste)
accumulation of critical materials into (temporary) stocks

The inflows and outflows are based on the import, export and production statistics from
EUROPROMS combined with the concentration data of materials and sometimes
additional assumptions to allocate statistics to concentration data. Due to data gaps
and/or inconsistencies the flows between stages might be not in line. Ideally one should
try to minimize these statistical differences.
However, even when all data are complete and assumptions are in line with reality the
flows still might be out of balance. In these cases the balancing item represents a
meaningful indicator which represents an actual existing flow in the critical material
chain. In this case the balancing item either represents losses from the critical material
chain, that do not end up in subsequent products, due to emissions and/or waste.
Another possibility is that the balancing item is an indicator for the accumulation of
critical materials into stocks at producers. However, in general stocks at production
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stages are small and in this report accumulation of stocks in the upchain production
stages are neglected.

3.10

Results: Visualization of Sankey diagram

Using the condition of step 8 and the resulting allocation factors from step 9, a critical
material flow scheme for the European Union (considering the 27 member state
description, further referred to as the EU27) is constructed, while respecting the
conceptual representation as given in Figure 3.2.
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4.

Case specific assumptions, sources
and results

4.1

Tantalum

4.1.1

Identified Tantalum applications

As a first step, a list of materials is drafted, containing products and components which
are considered relevant for Tantalum. The list is based on the two most recent qualitative
studies on the Tantalum supply chain (Polinares, 2012) (EU, 2014).
Only the product descriptions that can be linked to a concrete product and a source on
their Tantalum concentration are used in this study, as can be seen in Table 4.1-1. That
means that in some cases, for example for broad categories like ‘tools and machinery’
and the various products with ‘corrosion resistant surfaces’, we did not include the
products listed in the qualitative studies, simply because the description is too vague to
determine which fraction of these tools, valves, tanks and so on actually contain
Tantalum and how much.
Some other products are excluded, because no information is found on the product
composition, even though the description was rather precise, like in the case of X-ray
film & diagnostic equipment, for example.
Two aggregate product categories were identified in order to accommodate the multiple
applications of Tantalum in both aerospace and automotive products.
Finally, since the application of critical material in GPS devices is mentioned, it is decided
to add them as a separate category, because GPS devices are available as independent
consumer electronics (one could think of the non ‘built-in’ use of navigational devices).
Altogether, this list of products covers the most relevant uses of critical material in
society, considering that most excluded products are minor or specialty applications,
while the bulk applications like consumer electronics and cars are covered.
Table 4.1-1 gives an overview of all the raw and intermediate materials and end-products
that are relevant for the compilation of the Critical material flows that are consumed by
an economy.
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End-product

High-temp. furnace parts

High-temperature alloys
3-11% Ta
Tantalum Carbide (TaCx)

Cutting tools

X = 0.4-1, so 94-97 wt. % Ta
TVs
Tantalum ingots

PDP TV: 0.0008 wt.% Ta
DVD players
0.001 wt% Ta (Oguchi)

Mobile phones
0.079-0.5 wt.% Ta
Tantalum metal
Laptops

Harddisks

Source: BGS, 2011

0.049-0.16 wt.% Ta

3,9 wt.%

Desktop PCs
0.016-0.16 wt% Ta
Video cameras
0.142 wt.% Ta (Oguchi)
Photo cameras
Tantalum oxide (LiTaO3)

Wave filters

0.16 wt.% (Oguchi)

12.7 wt%
GPS system
Tantalum oxide (TaO5)

Lenses

6 capacitors, 1 wave filter

9.2 wt.%
Prosthetic devices

Tantalum powder

Tantalum capacitors

Medical appliances

36,7 % tantalum

2 capacitors

Figure 4.1-1. Tantalum containing (raw) materials, components (intermediate
materials) and End-products
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Table 4.1-1. Materials, sub-components & products relevant to tantalum, mentioned in
previous studies.
Polinares, 2012
EU, 2014 (p.29, Table 4)
Used in this
study
Alloys
High Temperature Alloys
Yes
Surgical clips/medical
Prosthetic devices (hip joints, skull
Yes, as one
applications
plates, mesh, clips, stents)
category
hearing aids & pacemakers
Yes, separately
Capacitors
capacitors
Yes
Cutting tools
cutting tools
Yes
Aerospace and avionics
jet engine discs, rocket nozzles
Yes, as Aerospace
applications
Aircraft turbines
Aerospace/gas turbines
Yes, as Aerospace
Furnace parts
High temperature furnace parts
Yes, as Furnaces
Tantalum carbides
Yes
Glass (high refractive/low Lenses for spectacles, digital cameras
Yes, as Vision
scattering)
and mobile phones
correction lenses
& Other lenses
Surface acoustic wave
surface acoustic wave filters
Yes
filters
X-rays diagnostic
X-ray film
No, no
equipment
information
Catalysts
No, too vague
Ingots
Yes
Tools & Machinery
No, too vague
Micro-electronics for
Automotive ABS, airbag activation,
Yes, as
engine management
engine management modules, GPS
Automotive
Micro-electronics in safety Military explosive missiles
No, no
& military equipment
information
Corrosion resistant
lining, cladding, water tanks, valves,
No, too vague
surfaces
screws, nuts, bolts
laptop computers, mobile phones,
Yes, separately
digital cameras (video & still)
DVD players
Yes
mobile phone signal masts, oil well
No, no
probes
information
semi-conductors
Yes
Ink jet printers
No, no
information
Computer hard drive discs
Yes

4.1.2

Tantalum containing materials and products from the
Europroms statistics

In Step 2 of the process, the items on the list are matched to their proper representation
in the available statistics on imports, exports and total production for 2007 from the
annual Europroms reports (Eurostat, 2014).
The full link between the selected product categories and the Europroms database is
disclosed in the spreadsheet that can be downloaded from the Desire website.
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Identified data gaps in the Europroms statistics and filling
in the data gaps

Trade vs production statistics, estimates based on prices
Table 4.1-2 shows the commodities in Europroms for which trade statistics are lacking.
Based on the data for the production statistics, both given in values and physical units,
prices are derived. These prices are used to estimate the trade statistics.

Other gaps between identified list and Europroms items
See table 4.1-1
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Table 4.1-2. Estimated trade statistics in physical units for commodities in the Europroms statistics, based on price derived from
production statistics.
commodity

PRCCODE

EXP_QUANTITY

IMP_QUANTITY

761017,6

EXP_VALUE
(euro)
290137960

PROD_QUANT

46651,96066

IMP_VALUE
(euro)
17786060

UNIT

1600000

PROD_VALUE
(euro)
610000000

p/st

Price
(euro/unit)
381,25

Furnace burners for solid fuel or gas
(including combination burners)
Non-electric furnaces and ovens for the
roasting, melting or other heat-treatment
of ores, pyrites or of metals
Parts for furnace burners for liquid fuel,
etc…
Fixed tantalum capacitors

29211150
29211230

2053,326785

180065380

183,3014346

16074520

7420

650692880

p/st

87694,46

29211430

0

263813890

0

49198200

0

400000000

:

165533140

2012822000

90576990

8000000000

360000000

p/st

no
production
0,05

32101230

3678514222

Artificial joints

33101735

1717466,829

601113390

1996520,514

698782180

6000000

2100000000

p/st

350,00

Parts and accessories of hearing aids
(excluding for headphones, amplifiers and
the like)
Instruments and appliances for
aeronautical or space navigation
(excluding compasses)
Instruments and appliances for navigation
(including for marine or river navigation)
(excluding for aeronautical or space
navigation, compasses)
Parts and accessories for direction finding
compasses and other navigational
instruments and appliances
Mounted piezo-electric crystals (including
quartz, oscillator and resonators)
Semiconductor diodes

33101839

0

203496370

0

165442570

0

262123188

:

no
production

33201155

5052899,953

513137140

7241794,46

735425940

30000000

3046589947

p/st

101,55

33201159

440479,6203

244211840

243604,7503

135059970

1564245

867252722

p/st

554,42

33208110

0

285365710

0

273872890

0

1200000000

:

no
production

32105270

140006220,2

269718000

236700749,6

455997260

123868054

238628282

p/st

1,93

32105125

9857595257

455284050

13157082618

607674560

9724918419

449156222

p/st

0,05

Semiconductor small signal transistors
with a dissipation rate < 1 W
Semiconductor power transistors with a
dissipation rate >= 1 W
Semiconductor thyristors, diacs and triacs

32105155

33082963237

218653010

23843841139

157589500

14000000000

92529261

p/st

0,01

32105157

4041788611

602233510

4982248676

742363690

7071321027

1053639092

p/st

0,15

32105170

825347787,5

159634270

507640663,9

98185090

1800000000

348146188

p/st

0,19

Semiconductor devices (excluding
photosensitive semiconductor devices,
photovoltaic cells, thyristors, diacs and
triacs, transistors, diodes, and lightemitting diodes)

32105250

3874817375

776316780

894753208,4

179263140

3590049111

719263670

p/st

0,20
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unit conversion factors for Europroms statistics specific
for tantalum items

Because general unit conversion factors from Eurostat (Eurostat, 2010) were not
available for all commodities, additional factors appeared to be necessary. In this case
study Tantalum specific unit conversion factors are used based on literature reviews and
expert judgments. These Tantalum specific factors had to be compiled case by case, as
listed in the table below.
Table 4.1-3. weight conversion used, in case no weight conversion (Eurostat, 2010) was
available.
Production
commodity
Furnaces

weight
(kg/unit)
3000

Capacitors (fixed
Ta)

0.00014

Artificial joints

0.175

GPS

0.0195

Surface Acoustic
Wave filters
Semiconductors

3.7E-05

(Epcos, 2010)

0.00031

(Ecoinvent, 2007)

4.1.5

Source

Comments

(C.S.Aerotherm pvt.
ltd., 2014) & (Wisconsin
oven, 2014)
(Ecoinvent, 2007) &
(Guvendik, 2014)

Supplier specification of
large walk-in type ovens.

(Beamont Orthopedics,
2014)
(Recreation GPS
Review, 2014)

Average of tantalum
capacitor weight found in
two sources
Rough estimate (‘one or
two pounds’)
Average of 10 products,
based on commercial
specifications
Company data sheet
Average of SMD-type
diode & transistor

Tantalum concentrations in (subcomponents of) materials
and products

Since many of the Tantalum containing products are common household appliances, the
review of compositions of electronic and electrical equipment by (Oguchi, 2011) proved
very useful. Table 4.1-4 shows the full list of sources used, including a few company data
sheets. In case the sources only specified the volumetric or chemical composition, the
weight percentage of critical material was derived as elaborated in the spreadsheet that
can be downloaded from the Desire website.
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Table 4.1-4. Tantalum concentration in the selected products.

Product
description

concentrates
articles

carbides
capacitors

Concentration
(kg Ta/kg
product)

0.00211456
1

6.794E-05
0.367

HDD

0.019

Artificial joints
camera lenses

0.175
0.046

vision correction
lenses
other lenses

0.00184
0.00184

Mobile phones
Laptop PCs

0.00041
0.00103

Desktop PCs

0.00088

Cameras

0.00142

hearing aid

0.04667

pacemakers
GPS
DVD players
furnaces

0.0186
0.0029
0.00001078
6.2E-05

carbide tools
TVs
Automotive
(vehicles)
Wavefilters

0.0007966
0.0008

Semiconductors

5.8E-06
0.3305
0.286

Source of
concentration data

Assumptions

The content of tantalum concentrates is a
balancing factor on the raw material supply side, so
we increase the concentration in order to fulfill the
demand of tantalum ingots, powder, metal and
oxides.
Assuming tantalum articles are 100% tantalum
Derived
Based on the (BGS, 2010) we assumed that
tantalum articles represent 76% of tantalum
consumption, in addition, the carbide consumption
represents 7%, so the carbide concentration is
adjusted to match 100% of the consumption of
carbide tools, which was the only application of
carbides found in the tantalum supply chain matrix
in the (EU, 2014) study.
(Ecoinvent, 2007)
(Tunney et al., 2011),
Assuming a 10,5% weight of the data platter (Yan
(Hitachi, 2007)
et al, 2013). And an average tantalum content of
the (perpendicular recording) platter according to
the two sources.
(Zardiackas et al.
Based on new medical alloys discussed in source
2006)
(Kodak, 1939)
assuming 2% market share for glass lenses
(myeyeware2go.com), assuming Kodak glass
(same as ‘camera lenses’ , see below).
Same as vision correction lenses
(Christian et al., 2012)
Average of 39 phones in two studies (additionally
& (Oguchi, 2011)
assuming 130 grams/phone based on (GSM
Association, 2006).
(Oguchi, 2011) The values here, given by the study by Oguchi only
describes the tantalum content in the printed
(Oguchi, 2011)
wiring boards of notebooks & PCs (thus capturing
the tantalum content in the micro-electronics, but
not in the harddisk). The tantalum content in their
harddisks is accounted separately.
(Oguchi, 2011)
Similar to PCs, the tantalum composition of
cameras given here applies only for the printed
wiring board. The tantalum contained in the
camera lenses is simply added to the overall
camera composition in the results.
Based on (enginieeringprojects.com, 2014), we
assumed 3 tantalum capacitors of a weight of 0.14
g (average of two types, according to Ecoinvent,
2007) in a total product weight of 9 grams
(Alibaba.com, 2014)
Based on (Haddad, 2009), we assumed the use of
10 tantalum capacitors of a weight of 0.14 g
(average of two types, according to Ecoinvent,
2007) in a total product weight of 28 grams
(Medtronic, 2014).
(Philips, 2009)
(Oguchi, 2011)
(JRC, 2013)
Assuming that all tantalum carbides are used in
carbide tools, the tantalum content was derived as
the tantalum input divided over the mass of the
tools.
(Cullbrand &
Magnusson, 2011)
Epcos, 2010
(Ecoinvent, 2007)

average of "diode, glass-, SMD type, for surface
mounting, at plant" (32 mg) & "transistor, SMD
type, for surface mounting, at plant" (0.593 g)
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Allocation of Europroms statistics to Tantalum
concentration data

The sixth step is about allocation of Europroms statistics to the items for which
concentration data are specified for the critical material. In this step conversion factors
are defined indicating the market share and/or part of the product of the Europroms
statistics to which the concentration data apply.
So information on the composition of Tantalum containing (intermediate) products, e.g.
semiconductors, such as given in table 4.1-4, needs an additional assumption on the
market share of the sales of (intermediate) products that contain Tantalum, as indicated
in Table 4.1-5.
And also if concentration data represent only a subcomponent of a larger product an
additional assumption was made to determine the fraction of the subcomponent in the
product for which the available concentration data apply, as listed in Table 4.1-5.
Finally, these steps lead to the overview of critical material flows in imports, exports and
production, thus giving the derived apparent consumption of critical material as in Table
4.1-6.
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Table 4.1-5. List of representative fractions applied to link product weights and
Tantalum concentrations
Prodcom Product name

Prodcom code

Central storage units

30021730

Applied
fraction
0.112

Hard and floppy disk drives

30021757

0.268

Instruments and appliances
for aeronautical or space
navigation (excluding
compasses)

33201155

0.00157

Semiconductor diodes,
small transistors, thyristors,
diacs, triacs & other devices

32105120,
32105125,
32105155,
32105157,
32105170,
32105250

0.01

Assumption
assuming 5 disks in a
single central storage
unit of the given weight
of 5,65 kg
Given the estimates of
(Coughlin, 2006), this
represents the marketshare of harddisks using
perpendicular recording
by 2007.
Due to the high mass of
products in this category,
the factor adjusts the
tantalum concentration
assuming the
functionality, and thus
the tantalum content, of
a single GPS device.
1% of semiconductors
contains tantalum,
authors assumption

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 36 of 117

Table 4.1-6. Tantalum relevant products & their trade and production flows (expressed
in tons tantalum) for Europe in 2007 according to (Eurostat, 2014).

Product name
Concentrates
Carbides
Articles
wave filters
Semiconductors
other lenses
camera lenses
HDD
Capacitors
Cameras
TVs
DVD players
Artificial joints
hearing aid
pacemakers
GPS
vision correction
lenses
Mobile phones
passenger cars
public transport
vehicles
freight vehicles
carbide tools
furnaces
Laptop PCs
Desktop PCs

Product
stage
Raw
material
Raw
material
Raw
material
Subcomponent
Subcomponent
Subcomponent
Subcomponent
Subcomponent
Subcomponent
Final
product
Final
product
Final
product
Final
product
Final
product
Final
product
Final
product
Final
product
Final
product
Final
product
Final
product
Final
product
Final
product
Final
product
Final
product
Final
product

Export

Import

Production

149

6247

205

Apparent
Consumption
6303

3

12

37

45

345

493

254

401

14

24

13

23

46

39

32

25

3

6

5

8

21

151

16

147

129

713

15

599

183

100

398

315

16

196

5

185

25

57

195

226

0.1

2.2

0.3

2

53

61

184

192

7

12

13

19

1

2

3

4

0.3

0.4

2

2

3

18

12

27

122

213

216

307

7

16

90

98

0.5

0.1

0.3

0

4

3

26

24

54

78

79

103

6

1

15

9

21

149

61

189

138

123

209

195
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Tantalum Sankey diagram: further break down of flows if
possible

In order to be able to draw up a Sankey diagram which relates raw materials to
intermediate materials and final products the Tantalum flows are further broken down.
First of all, information on the raw material forms of critical material was available from
the (BGS, 2009), which allowed us to disaggregate the lump category of “critical material
articles” into different forms of critical material, being ingots, powders, oxides & pure
metal form.
Secondly, a detailed allocation of raw material forms into final & semi-finished products
was applied, using the allocation rules as discussed sections 4.1.8 and 4.1.9.

4.1.8

Tantalum Sankey diagram: expert opinion and
optimization

Except for the case of hard disks, the distribution of raw materials over sub-component
production and the subsequent distribution of sub-components over final products was
derived using an optimization routine based on a linear programming simplex algorithm
(Dorfman et al. 1958)) in combination with conditions set by the available qualitative
studies. An example of an applied condition is that the metal form of critical material is
only used in harddisks & artificial joints, while the critical material oxides are allocated
over lenses and acoustic wave filters. The full set of applied conditions and outcomes of
the optimization can be found in Table 4.1-7 and 4.1-8.
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Table 4.1-7. Allocation of the raw material (apparent) consumption over the production
of sub-components in Europe. Some raw materials are directly processed into final
products, as indicated with an (F).
Raw material allocation
From
To
(Raw Material
(Sub-component
apparent
production)
consumption)
Tantalum carbides
Carbide Tools (F)
Artificial joints (F)
Tantalum metal

Tantalum oxide

Tantalum powder
Tantalum ingots

Percentage
(Outcome of
optimization)

Fulfills production?
(supply/ demand)

100%
92%

100% by assumption
100%

HDDs

8%

100%

Vision correction lenses
(F)
Camera lenses
Other lenses (F)
Wave filters
Capacitors

35%

210%

54%
9%
2%
100%

245%
143%
114%
100%

Semi-conductors

58%

100%

High-temperature alloys

42%

100%

Table 4.1-8. Allocation of the (apparent) consumption of sub-components over the
tantalum demand from the production of final products in Europe. The numbers for hard
disks are based on the indicated study, the rest is an outcome of the optimization routine
as discussed in the text.
Capa
citors

Semiconductors

Wave
filters

Mobile
phones
Cameras

13%

39.4%

8%

1.5%

0.15%

Desktop PCs
Laptop PCs

17%
11%
(min.
10% by
condition
)

2.3%
49%

External
HDD
Central
storage
DVD Players
GPS devices
TVs
Hearing aid
Pacemaker
Vehicles
Furnaces
Aerospace

Hard disk
(given by
Coughlin,
2013)

Camera
lens

High-temp.
alloys

24%
100%

0.06%

100% (of Ta
in camera
bodies)
26%
79%

34%
39%

19%

<balancing
factor>
241%

8%
0.09%
1%
19%
8%
3%
19%

0.001%
0.9%

1%
82%
2%

2.5%

5%

Fulfills
production
?

65%
35%

99%
99%
31%
90%
97%
86%
100%
100%

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

Page 39 of 117

It can be seen from table 4.1-7 that for the raw-materials most of the critical material
demand is completely fulfilled using the derived allocation. In the case of Critical material
oxides the apparent consumption is larger than the demand expected from the
production of sub-components. This may be because we assumed a global disaggregation
of critical material raw materials, which could overestimate the use of oxides in Europe.

4.1.9

Tantalum Sankey diagram: allocation of flows to
production stages

Using the allocation factors in table 4.1-7 and 4.1-8, we constructed a Tantalum flow
scheme for the European Union (considering the 27 member state description, further
referred to as the EU27) while respecting the conceptual representation as given in
Figure 3.2, where A1 & A2 are the two steps requiring allocation of tantalum flows. We
assume that no losses occur and that the production of Tantalum containing products in
Europe is responsible for the apparent consumption of raw materials and subcomponents. Table 4.1-7 & 4.1-8 describe how well the demand is fulfilled in the rightmost column.

4.1.10

Tantalum Sankey diagram: visualization

The results of the substance flow analysis for tantalum as described in the previous
sections is shown by means of a Sankey-diagram in Figure 4.1-2. The diagram shows the
imported flows (in light-green), the exported flows (in light-red), and the intra-European
flows of tantalum (in light blue). It shows the cascading of the consumed tantalum in raw
material form (in the blue bars) through the demand for sub-components (in green) and
final products (where the colored bars indicate different categories). Careful
interpretation is required, as the size of the bars as well as the indicated volumes for
each product indicates the size of the tantalum flow through Europe (imports, exports +
intra EU inputs), so not its actual consumption. The actual consumption of raw materials
and sub-components is represented by the light-blue flows, and are based on the
allocation method as described for step 9 in the previous Chapter. The resulting apparent
consumption of final products is separately indicated using the grey bars in the lowerright corner. In the section below these results are discussed and compared against
existing studies.
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Figure 4.1-2. Annual Tantalum flows through the EU27 in 2007, expressed in tons
tantalum. The template for this Sankey-diagram was inspired by and adapted from
(Bostock, 2012). In the Sankey ‘extraction’ refers to ‘production of raw material’ (like
ores, concentrates, articles including waste/scrap).
Since no previous studies made an attempt to quantify tantalum flows in Europe at this
level of detail, it is difficult to compare the outcomes or even judge their quality.
Something can be said, however, for example to compare the output of European
tantalum processing industry (being the raw material production), which is 295 tonnes in
our analysis and corresponds quite well with the observation of (Polinares, 2012), who
states that this is “between 250 and 300 t tantalum per year”. The overall apparent
consumption of tantalum in Europe in final products, however, is much larger than
expected based on the total global consumption of concentrates. In fact, the European
consumption is twice the global consumption of concentrates as reported by the USGS.
This may have two reasons, either this study used assumptions leading to a too high
estimate for the tantalum concentration in products, or it may indicate that the real
volume of tantalum consumed is much larger than reported, which is not unlikely, given
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that tantalum is not traded on official spot markets [S.P.1] and sourced from conflict
areas.
The (EC, 2014) review of critical raw materials for Europe gives some more numbers that
could provide a perspective. It mentions the total tantalum imports to be 604 tonnes in
2010, but it remains unclear whether these are the raw material imports only (in that
case they compare to 814t in our study) or imports in all product phases combined (in
which case they compare to 2758t of tantalum). The EC study also indicates that 40% of
tantalum is used in capacitors. If we assume that they compare the use to the total raw
material consumption (i.e. the flow A1 in Figure 2), our study finds 44% of the tantalum
is consumed in capacitors. So even though some of the known tantalum flows are
comparable to our outcomes, the question is why the total tantalum consumption found
is so much larger than expected.
One of the items that stands out in our analysis is the large consumption of tantalum in
hard disks for storage of digital data. This is a category that has only been mentioned in
one of the qualitative studies (See table 4.1-1), and never as a crucial product. However,
the results in this study indicate that hard disks are responsible for 537t of tantalum,
when assuming a tantalum content based on a patent (Hitachi, 2007) and an X-ray
based composition analysis (Tunney et al., 2011) for consumer-type hard disks using a
perpendicular recording mechanism. Our study is the first to our knowledge to highlight
such a high importance of tantalum in hard disks, thus indicating a direction for further
research.
Another interesting finding is the relatively high importance of tantalum in artificial joints.
Though the assumption on tantalum concentration for this product category is based on a
selection of medical materials in a single source (Zardiackas et al. 2006), so insights may
be improved given further research, the fact that Europe would have a relatively high
demand for prosthetic devices seems plausible given the high occurrence of hip-and knee
replacement surgery (OECD, 2011) and the prominent demographic ageing trends
(Walker, 2014).
It is clear that the results presented in Figure 4.1_1 contain both expected and
unexpected elements, but the lack of quantitative data to check the outcomes shows that
the supply chain of tantalum, like many critical raw materials, is not well enough
understood still. An exercise like the one presented here generates valuable insights on
the relevance of individual products, or in the importance of product imports. The true
value of the SFA, however, lies in identifying ways to overcome the dependence on
tantalum in Europe and in solving it’s criticality through recycling, for example.
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As a first step, a list of materials is drafted, containing products and components which
are considered relevant for Indium. The list is based on the two most recent qualitative
studies on the Indium supply chain (Polinares, 2012; EU, 2014) and the yearly
commodity reports from USGS (USGS, 2014).
Table 4.2-1 gives an overview of all the raw and intermediate materials and end-products
that are relevant for the compilation of the Indium flows that are consumed by an
economy.
This list of materials and products that are considered relevant for Indium as identified in
this step is still a gross list. Due to data availability it might not be possible to actually
link all the items from this list to statistics and/or translate the product flows into Indium
flows. There are several reasons for this:
1) The application mentioned in the list is too broad and therefore not possible to
relate to specific (Europroms) statistics, or vice versa (see section 4.2.6)
2) A specific item is defined in sufficient detail in the Europroms statistics but the
record does not contain trade and/or production data, e.g. due to confidentiality
(see section 4.2.3)
3) There are no Indium concentration data available for a specific material/product
(see section 4.2.5)
4) The application mentioned in the list is not relevant yet/anymore (see section
4.2.6)
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Table 4.2-1. Materials, sub-components & products relevant to indium, mentioned in previous studies.
Polinares

2009
90%

USGS

2000

2007

65%

84%

eu critical
materials
report
20032009
74%

raw materials

component

end product

indium tin oxide coatings

coated glass/plastic
(transparent electricity
conducter)

LCD-TV

flat panel display (LCD)
touch screen
portables
LCD watches
laptop computer screens

7%

10%

indium tin oxide coatings

solar panel (increasing
market but still small, most
PVs use other materials)
architectual glass/energy
efficient windows

coated glass/plastic
(transparent heat
reflection)

windshields aircraft
windshields automobile
low pressure sodium lamps

4%

9%

8%

10%

indium metal alloys

low-melting point alloys
and solders

bonding agents nonmetallic
materials

glass
glazed ceramics
quartz
jewlery

fusible alloy in safety
devices

fire control systems
(temperature indicator)
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2009

USGS

2000

2007

eu critical
materials
report
20032009

raw materials
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component

end product

nuclear control rods
1%

precious metals alloys

1%

3%

9%

2%

2%

semiconductors

dental alloys

dental applications

white gold alloys

jewelry

Light-Emitting Diode (LED)

displays
optical data transmission

Laser Diode

fiber-optic communication
photomulipliers

2%

10%

1%

?

5%

Indium others
?

phosphors, plating, bearing

indium compounds

cathode ray tubes

monochrome CRT
sealed alkaline batteries

inter metallic
compounds???
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Indium containing materials and products from the
Europroms statistics

In Step 2 of the process, the items on the list are matched to their proper representation
in the available statistics on imports, exports and total production for 2007 from the
annual Europroms reports (Eurostat, 2014).
The full link between the selected product categories and the Europroms database is
disclosed in the spreadsheet that can be downloaded from the Desire website.

4.2.3

Identified data gaps in the Europroms statistics and filling
in the data gaps

Trade vs production statistics, estimates based on prices
Table 4.2-2 shows the commodities in Europroms for which trade statistics are lacking.
Based on the data for the production statistics, both given in values and physical units,
prices are derived. These prices are used to estimate the trade statistics.
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Table 4.2-2. Estimated trade statistics in physical units for commodities in the Europroms statistics, based on price derived from
production statistics.
PRCCODE

EXP_QUANTITY

IMP_QUANTITY

0

EXP_VALUE
(euro)
221795840

PROD_QUANT

0

IMP_VALUE
(euro)
192484860

UNIT

0

PROD_VALUE
(euro)
420000000

:

Price
(euro/unit)
no production

Dental cements and other dental
fillings
Toughened safety glass for use in
motor vehicles
Toughened safety glass for use in
aircraft
Inductors (excluding induction
coils, deflection coils for cathoderay tubes, for discharge lamps and
tubes)
Semiconductor diodes

24422360
26121215

3404748,675

70280830

5755331,689

118801570

66021872

1362823634

m2

20,64

26121219

229484,205

14416620

414362,4258

26031010

265211

16661043

m2

62,82

31105080

717259250,5

292176670

1218828836

496491820

2311252636

941492352

p/st

0,41

32105125

9857595257

455284050

13157082618

607674560

9724918419

449156222

p/st

0,05

Semiconductor small signal
transistors with a dissipation rate <
1W
Semiconductor power transistors
with a dissipation rate >= 1 W
Semiconductor thyristors, diacs
and triacs
Semiconductor light emitting
diodes (LEDs)
Photosensitive semiconductor
devices
Semiconductor devices (excluding
…)
Parts of cathode-ray tubes

32105155

33082963237

218653010

23843841139

157589500

14000000000

92529261

p/st

0,01

32105157

4041788611

602233510

4982248676

742363690

7071321027

1053639092

p/st

0,15

32105170

825347787,5

159634270

507640663,9

98185090

1800000000

348146188

p/st

0,19

32105235

809440467,3

246837840

1983018543

604718980

370497592

112982769

p/st

0,30

32105237

151399702,9

669228840

1167358541

5160049770

1142417469

5049803289

p/st

4,42

32105250

3874817375

776316780

894753208,4

179263140

3590049111

719263670

p/st

0,20

32107320

0

36051520

0

24246610

0

78577280

:

no production

Parts of diodes, transistors and
similar semiconductor devices, etc.
Dental fittings etc…

32107350

0

178955080

0

88547000

0

605126643

:

no production

33101759

0

100417140

0

391504510

0

2098510201

:

no production
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Other gaps between identified list and Europroms items
The following items (table 4.2-3) are not included while compiling the SFA for Indium,
because in Europroms trade and production statistics the items did not seem to be
available.
Table 4.2-3. Items for which production and trade statistics are lacking in Europroms
Prodcom Product name
Dental cements and other dental fillings

Prodcom
code
24422360

Other road lighting : for low pressure sodium lamps

31503447

Semiconductor diodes

32105120

Parts of cathode-ray tubes

32107320

Parts of diodes, transistors and similar semiconductor devices,
photosensitive semiconductor devices and photovoltaic cells, lightemitting diodes and mounted piezo-electric crystals
Dental fittings (including dentures and part dentures, metal crowns, cast
tin bars, stainless steel bars) (excluding individual artificial teeth)

32107350

4.2.4

33101759

unit conversion factors for Europroms statistics specific
for Indium items

Because general unit conversion factors from Eurostat (Eurostat, 2010) are not available
for all commodities, additional factors appear to be necessary.
In the case of Indium application finally used for the SFA only for light emitting diodes
(LED) a unit conversion factor was lacking. A LED is assumed to weight 0,00012 kg per
piece (Rohm, 2014).

4.2.5

Indium concentrations in (subcomponents of) materials
and products

Since many of the Indium containing products are common household appliances, the
review of compositions of electronic and electrical equipment by (Buchert et al., 2012)
proved very useful. Table 4.2-4 shows the full list of sources used.
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Table 4.2-4. Indium concentration in the selected products.
Product description

PRCCODE

13201530

Concentration
(kg In /kg
product)
5,00E-05

Tin ores and concentrates

Polinares, 2012

Zinc ores and concentrates

13201570

5,00E-05

Polinares, 2012

Bismuth, articles thereof,
powders, waste and scrap ..
Beryllium, .., indium, niobium
.., articles of these metals,
powders, waste and scrap
(excluding carbide)
Laptop PCs and palm-top
organisers

27453033

5,00E-05

Polinares, 2012

27453055

1,72435E-06

derived (see
'Sankey')

30021200

8,7941E-06

Buchert et al.
2012

Desk top PCs

30021300

0,000016

UNEP, 2013

Electric burglar or fire alarms
and similar apparatus for
buildings

31621157

1,0819E-08

Own
assumption

Indicator panels incorporating
liquid crystal display (LCD)

31621173

0,000174

Semiconductor light emitting
diodes (LEDs)

32105235

0,000241667

Buchert et al.
2012,section
2.1 (page 4)
Buchert et al.
2012

Telephones for cellular
networks or for other wireless
networks
Flat panel video monitor, LCD
or plasma, etc., without tuner
(colour video monitors)
(excluding with cathode-ray
tube)
Flat panel colour TV receivers,
lcd/plasma, etc. excluding
television projection
equipment, apparatus with
video recorder/player, video
monitors, television receivers
with integral tube
Automotive (vehicles)

32202025

0,000012

Oguchi et al.,
2011

32302049

1,14957E-05

Buchert et al.
2012

Original source reports 0,000079 kg
Indium per piece, assumed weight of
monitor is 6,9 kg/piece (Eurostat,
2014)

32302060

2,5694E-05

Buchert et al.
2012

Original source reports 0,000254 kg
Indium per piece, assumed weight of
TV receiver is 9,9 kg/piece (Eurostat,
2014)

341021 341023

2,55511E-07

Cullbrand &
Magnusson,
2011

Public transport type vehicles

341030

2,67064E-08

Cullbrand &
Magnusson,
2011

Goods vehicles

341041341042

8,13477E-08

Cullbrand &
Magnusson,
2011

Original source reports 0,000325 kg
Indium per piece, assumed weight of
automotive is 1272 kg per piece
based on (Eurostat, 2014)
Original source reports 0,000325 kg
Indium per piece, assumed weight of
automotive is 12169 kg per piece
based on (Eurostat, 2014)
Original source reports 0,000325 kg
Indium per piece, assumed weight of
automotive is 3995 kg per piece
based on (Eurostat, 2014)

4.2.6

source

assumptions

Average value, depends much on
type of ore

Original source reports 0,000039 kg
Indium per piece, assumed weight of
laptop is 4,4 kg/piece (Eurostat, 2014)
A sprinkler is assumed to contain the
same amount of Indium as a LED,
assumed weight of a sprinkler is 2,7
kg/piece (Eurostat, 2014)

Original source reports 0,000000029
kg Indium per piece, assumed weight
of LED is 0,00012 kg/piece (Rohm,
2014)

Allocation of Europroms statistics to Indium concentration
data

The sixth step is about allocation of Europroms statistics to the items for which
concentration data are specified for the critical material. In this step conversion factors
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are defined indicating the market share and/or part of the product of the Europroms
statistics to which the concentration data apply.
So information on the composition of Indium containing (intermediate) products, e.g.
semiconductors, such as given in table 4.2-4, needs an additional assumption on the
market share of the sales of (intermediate) products that contain Indium, as indicated in
Table 4.2-5.
And also if concentration data represent only a subcomponent of a larger product an
additional assumption was made to determine the fraction of the subcomponent in the
product for which the available concentration data apply, as listed in Table 4.2-5.
In the case of Indium some of the products which are originally identified as relevant for
Indium (step 1), such as energy efficient and frost free glass, are assumed to be not
relevant yet, because the type of indium application is not yet penetrated into the market
in 2007.
Finally, these steps lead to the overview of Indium flows in imports, exports and
production, thus giving the derived apparent consumption of Indium as in Table 4.2-6.
Altogether, this list of materials and products covers the most relevant uses of Indium in
society, considering that most excluded products are minor or specialty applications,
while the bulk applications like LCD screens, consumer electronics and cars are covered.
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Table 4.2-5. List of representative fractions applied to link product weights and Indium
concentrations
Prodcom Product
name
Tin ores and
concentrates

Prodcom
code
13201530

Applied
fraction
0

assumption

Non-wired sheets of
glass

2611

0

glass for use in
motor vehicles,
aircraft, ships

2612

0

Open glass
envelopes for
electric lamps,
cathode-ray tubes or
the like
Digital data
processing
machines: presented
in the form of
systems
Other digital
automatic data
processing machines
whether or not
containing in the
same housing 1 or 2
of the following
units: storage units,
input/output units
Central storage units

26152100

0

30021400

0

assumed to be NOT releveant,
these machines are assumed to
be exclusive a monitor

30021500

0.5

assumed to be partly relevant,
50% of the sales are assumed
to be inclusive a monitor

30021730

0

Inductors (excluding
induction coils,
deflection coils for

31105080

0

assumed to be NOT releveant,
these machines are assumed to
be exclusive a monitor
assumed to be not relevant.
The item refers to inductors
NOT used in cathode-ray tube

indium is present in Zinc and
Tin ores, however it is assumed
that Indium mainly is refined
during Zinc production
share of indium (ITO) coated
glass in total energy efficient
glass Market is assumed to be
0, ITO coated glass is assumed
to be not on the market yet in
2007.
http://corporate.evonik.com/en
/content/productnews/Pages/indium-tin-oxidewindows.aspx
assumption 0, in 2007 ice and
frost free windshields for
automotive and aircraft were
not on the market yet.
http://www.autoevolution.com/
news/ice-and-fog-freewindshields-explained26221.html
;
http://www.google.com/patent
s/US7928345
this type of glass is considered
not to be relevant for the
Indium case.
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Prodcom Product
name
cathode-ray tubes,
for discharge lamps
and tubes)
Electrical burglar or
fire alarms and
similar apparatus
(excluding of a kind
used for motor
vehicles, of a kind
used for buildings)
Electric burglar or
fire alarms and
similar apparatus for
motor vehicles
Semiconductor
diodes

Prodcom
code

Applied
fraction

assumption

31621153

0

assumed to be not relevant.
Only sprinklers for buildings
are assumed to contain
Indium.

31621155

0

32105125

0

Semiconductor small
signal transistors
with a dissipation
rate < 1 W
Semiconductor
power transistors
with a dissipation
rate >= 1 W
Semiconductor
thyristors, diacs and
triacs

32105155

0

32105157

0

32105170

0

Photosensitive
semiconductor
devices

32105237

0

Semiconductor
devices (other)

32105250

0

Helicopters

353031

0

Aeroplanes and
other aircraft

353032

0

assumed to be not relevant.
Only sprinklers for buildings
are assumed to contain
Indium.
assumed to be not relevant.
Only LEDs are assumed to
contain Indium.
assumed to be not relevant.
From the semiconductors only
LEDs are assumed to contain
Indium.
assumed to be not relevant.
From the semiconductors only
LEDs are assumed to contain
Indium.
assumed to be not relevant.
From the semiconductors only
LEDs are assumed to contain
Indium.
assumed to be not relevant.
From the semiconductors only
LEDs are assumed to contain
Indium.
assumed to be not relevant.
From the semiconductors only
LEDs are assumed to contain
Indium.
assumption 0, in 2007 ice and
fog free windshields for aircraft
are not implemented yet,
http://www.ppg.com/coatings/
aerospace/newsroom/news/Pa
ges/2010-02-04.aspx
assumption 0, in 2007 ice and
fog free windshields for aircraft
are not implemented yet,
http://www.ppg.com/coatings/
aerospace/newsroom/news/Pa
ges/2010-02-04.aspx
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Table 4.2-6a. Indium relevant products & their trade and production flows (in tons
Indium) for EU27 in 2007 according to (Eurostat, 2014).
Product
description
concentrates
articles
semiconductors
glass
HDD
inductors
monitors, flat panel
(LCD, plasma)
monitors with
cathode-ray tube
indicator panels
(LCD, LED)
road lightning
fire alarms
passenger cars
public transport
vehicles
freight vehicles
helicopters
aeroplanes
Laptop PCs
Desktop PCs
Mobile phones
dental articles
TVs

Product
stage
Raw
material
Raw
material
Subcomponent
Subcomponent
Subcomponent
Subcomponent
Subcomponent
Subcomponent
Subcomponent
Final
product
Final
product
Final
product
Final
product
Final
product
Final
product
Final
product
Final
product
Final
product
Final
product
Final
product
Final
product

Export

Import

Production

11,426

136,049

65,250

Apparent
consumption
189,873

0,700

0,802

1,403

1,504

0,023

0,058

0,011

0,045

0,000

0,000

0,000

0,000

0,000

0,000

0,000

0,000

0,000

0,000

0,000

0,000

0,143

1,373

0,162

1,392

0,000

0,000

0,000

0,000

0,228

3,283

0,176

3,231

0,000

0,000

0,000

0,000

0,000

0,001

0,002

0,003

0,328

0,695

3,980

4,347

0,015

0,003

0,009

-0,002

0,110

0,073

0,734

0,697

0,000

0,000

0,000

0,000

0,000

0,000

0,000

0,000

0,179

1,277

0,522

1,620

1,079

1,046

0,469

0,436

0,507

0,884

0,895

1,272

0,000

0,000

0,000

0,000

0,802

1,823

6,251

7,272
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Indium Sankey diagram: further break down of flows if
possible

In order to be able to draw up a Sankey diagram which relates raw materials to
intermediate materials and final products the Indium flows a further break was not
necessary.
A detailed allocation of raw material forms into final & semi-finished products is applied,
using the allocation rules as discussed sections 4.2.8 and 4.2.9..

4.2.8

Indium Sankey diagram: expert opinion and optimization

Indium from concentrates are assumed to be directly applied as Indium Tin Oxide (ITO)
in the TV producing industry. Furthermore Indium is used in the production of
intermediate materials, like semiconductors, monitors and flat panel (LCD, plasma) and
indicator panels (LCD, LED). Next the intermediate materials are applied in final
products, like fire alarms, vehicles, laptop PCs, desktop PCs and mobile phones.
Table 4.2-6b shows the balancing item (see section 3.9) between the calculated apparent
consumption of Indium as raw material for the production of TVs and semi-products.
Next also the balancing item between the calculated apparent consumption of Indium in
semi-products for the production of final products is given.
Table 4.2-6b. Balancing items of apparent consumption and given production between
production stages of Indium relevant products (in tons Indium) for EU27 in 2007.
Type
RAW

Product
description
concentrates
and articles

Export

Import

Production

12

137

67

Apparent
consumption
191

balancing
item

185
INT
END

semi-products
TVs

0
1

5
2

0,35
6

5
7
-2

END

other final
products (excl
TVs)

2

4

7

8

Table 4.2-6b shows that the apparent consumption of Indium as raw material is about
191 tons of Indium. This raw material is available for the production of semi-products
and TV screens (final product). However, the amount of indium used for the production
of these semi-products and TVs, based on the Europroms statistics, is about 6 tons. So
the balancing item is about 185 tons of Indium.
As discussed in section 3.9 there are several possible explanations for this off balance.
The balance item might indicate data gaps or inconsistencies. But the balancing item also
might refer to a real flow in the material chain, i.e. losses and/or accumulation in
temporary stocks.
In the case of Indium the off balance between the consumption of raw materials and the
production in the next stage to a large extend can be explained by the inefficient refining
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of Indium from ores and concentrates (Polinares, 2012). Furthermore the subsequent
very inefficient application of Indium Tin Oxide on LCD screens (in TVs and monitors)
during the so called spattering process also will lead to very large losses of Indium
(Yoshimura et al., 2013; Polinares, 2012). This will be further discussed in the results
(section 4.2.10).
According to table 4.2-6b the off balance between the consumption of Indium in semiproducts and the production in the next stage of final products is about -2 tons of
Indium. The balancing item is negative so it can’t refer to losses. Losses of indium during
the assemblage of semi-products into final products is very unlikely. So the off balance
between these stages is probably due to data gaps and/or inconsistencies. Another
explanation might be the change (negative thus decrease) in temporary stocks of Indium
in semi-products before the semi-products are assembled into final products.
The distribution of raw materials over sub-component production and the subsequent
distribution of sub-components over final products was derived using an optimization
routine based on a linear programming simplex algorithm (Dorfman et al. 1958)) in
combination with conditions set by the available qualitative studies. The full set of applied
conditions and outcomes of the optimization can be found in Table 4.2-7 and 4.2-8.
Table 4.2-7. Allocation of the raw material (apparent) consumption over the production
of sub-components in Europe. Some raw materials are directly processed into final
products, as indicated with an (F).
Raw material allocation
From
To
(Raw Material
(Sub-component
apparent
production)
consumption)
TV (F)
semiconductors
Indium
monitors, flat panel
concentrates and
(LCD, plasma)
articles
indicator panels
(LCD, LED)

Percentage
(Outcome of
optimization
)
95%
0.2%
2%

Fulfills
production?
(supply/
demand)
100%
100%
100%

3%

100%
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Table 4.2-8. Allocation of the (apparent) consumption of sub-components over the
indium demand from the production of final products in Europe. The numbers are an
outcome of the optimization routine as discussed in the text.
Semiconductors
fire
alarms
vehicles
Laptop
PCs
Desktop
PCs
Mobile
phones

monitors,
flat panel
(LCD,
plasma)

indicator
panels
(LCD, LED)

5%

Fulfills
production?
100%

70%
7%

6%
34%

86%
1%

61%
96%

14%

0.1%

14%

96%

4%

59%

93%

It can be seen from table 4.2-7 that by far the largest amount of indium as raw material
is directly used as indium tin oxide (ITO) in TV screens.
Table 4.2-8 shows that of the indium in sub-components most of the indium is applied in
vehicles, either as semiconductor or in indicator panels. Most of the indium in flat panels
end up in mobile phones, followed by laptop PCs.

4.2.9

Indium Sankey diagram: allocation of flows to production
stages

Using the allocation factors in table 4.2-7 and 4.2-8, an Indium flow scheme is
constructed for the European Union (considering the 27 member state description,
further referred to as the EU27) while respecting the conceptual representation as given
in figure 3-2, where A1 & A2 are the two steps requiring allocation of indium flows.

4.2.10

Indium Sankey diagram: visualization

The results of the substance flow analysis for Indium as described in the previous
sections is shown by means of a Sankey-diagram in Figure 4.2-1. The diagram shows the
imported flows (in light-green), the exported flows (in light-red), and the intra-European
flows of Indium (in light blue). It shows the cascading of the consumed Indium in raw
material form (in the blue bars) through the demand for sub-components (in green) and
final products (where the colored bars indicate different categories). Careful
interpretation is required, as the size of the bars as well as the indicated volumes for
each product indicates the size of the Indium flow through Europe (imports, exports +
intra EU inputs), so not its actual consumption. The actual consumption of raw materials
and sub-components is represented by the light-blue flows, and are based on the
allocation method as described for step 9 in the previous section. In the section below
these results are discussed and compared against existing studies.
Since no previous studies made an attempt to quantify indium flows in Europe at this
level of detail, it is difficult to compare the outcomes or even judge their quality.
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Something can be said, however. According to Roskill (2010) total world consumption of
indium is unknown. Roskill (2010) estimated primary indium consumption in 2008 at
almost 1,000 t and 700 t in 2009. Total consumption including secondary indium was
estimated at about 1,700 t in 2008 and at 1,300 t in 2009 (Roskill 2010, in Polinares,
2012)
The indium refinery production in some European counties (Belgium, Italy, the
Netherlands and Germany) was estimated to be 42 tons in 2009 (Tolcin 2011, in
Polinares, 2012). In the SFA the indium in concentrates available for refinery is
calculated to be 200 tons (import (136t) + extraction (65t) – export (11t)). However, as
stated in Polinares (2012)2 and EC(2010b)3 only about 35% of the indium content in base
metal concentrates is extracted for indium metal production. So this would result in 70t
indium production from 200t indium in concentrates, which seems to be in line with the
literature.
Of these 70t of refined indium about 6t is used in in the production of TV screens and
0.35t in the production of semi-products (see table 4.2-6b). The dominant application of
indium in LCD screens is in line with contributions given in literature (90%-85%, see
tablen 4.2-1).
The remainder of the refined indium (64t) is allocated to the balancing item “losses”. This
is in line with observations found in literature. In Yoshimura et al. (2013) the efficiency of
the spattering process, in which ITO is applied on the LCD screen is estimated to be 10%
(Yoshimura et al., 2013). So only 10% of the indium consumed by the spattering process
ends up in the final product.
The results indicate that the loss of indium between production of indium (during mining,
smelting and refining) and application in (semi)products (particularly spattering) was
about 90% (183t out of 200t apparent consumption). So much of the refined indium
does not end up in products. These results are in line with observations made by
Yoshimura et al.(2013)4.
The substance flow of indium shows that the amount of indium lost from the critical
material chain is in mining, smelting and refining and spattering during production of LCD
screens is huge, 183t.
2

A “technical scarcity” has been postulated for indium as by-product element, because its availability depends
on the extraction, smelting and refining rates of base metals, particularly zinc, as carrier metal. A smelter is
unlikely to increase the production of the main metal in order to produce more of a by-product (Wellmer
2008). Indium and other trace metals production require large investment in production technologies that are
only profitable at high prices. As a consequence, the worldwide smelter capacity for indium production is
limited. Only about 35% of the indium content in base metal concentrates is extracted for indium metal
production. However, there is a high potential for the expansion of indium extraction in mining, from
metallurgical waste materials and, alternatively, from copper and tin ore.(Polinares, 2012)
3
There are two different reasons for these developments:
30% of indium-containing base metal concentrates still do not reach “indium capable” smelters and
this indium continues to be lost;
70% of the indium-containing concentrates that do reach indium-capable smelters are only extracted
at a final average rate of about 50%.(EU report critical materials)
4
The results indicate that the loss by dissipation in mining, smelting and refining was about 90% each year
since 1999. It is likely that the lost indium is in the mining tailings and the sludge from smelters. (Yoshimura et
al., 2013)
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The amount of indium available in final products consumed in the EU27 in 2007 was
about 15t (see table 4.2-6b TVs and other final products). These figures indicate that the
largest potential of recovery of indium is available in wastes from raw material production
and not in the recovery of discarded end-of-life products.

Figure 4.2-1. Annual Indium flows through the EU27 in 2007, expressed in tons Indium.
The template for this Sankey-diagram was inspired by and adapted from (Bostock,
2012). In the Sankey ‘extraction’ refers to ‘production of raw material’ (like ores,
concentrates, articles including powder, waste, scrap).
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Neodymium

4.3.1

Identified Neodymium applications
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In table 4.3-1, an inventory of all Neodymium-containing applications was made. All
applications are supported by multiple other publications, such as USGS (2011) and Peiró
et al. (2013). It was not possible for every product or component to make a direct
translation from this list to the Europroms database for multiple reasons:
1) The application mentioned in the list is too broad and therefore not possible to
relate to specific (Europroms) statistics, or vice versa (see section 3.2.6)
2) A specific item is defined in sufficient detail in the Europroms statistics but the
record does not contain trade and/or production data, e.g. due to confidentiality
(see section 3.2.3)
3) There are no Neodymium concentration data available for a specific
material/product (see section 3.2.5)
4) The application mentioned in the list is not relevant yet/anymore (see section
3.2.6). As the dataset that was used dates from 2007, some products listed are
too modern (eg. tablets, electric bikes), or Neodymium/NdFeB technology was
only implemented for this product after 2007.
While EC (2013) lists phosphors as one of the applications of Neodymium, this
application is not mentioned in other comprehensive MFAs on rare earths such as USGS
(2013), Peiró et al. (2013) and Nansai et al. (2014). It was therefore chosen not to take
phosphors into account as a potential application of Neodymium. The use of Neodymium
in metallurgy (other than batteries) was not taken into account for reasons listed above,
most notably the absence of data for its exact applications. Taking into account that
these applications only account for a small percentage of the total, it is assumed that a
comprehensive product list was constructed (see the spreadsheet for the list of all
products considered in this study).
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Table 4.3-1. Materials, sub-components & products relevant to neodymium, mentioned
in previous studies.
EC
(2013)
89%

EC (2013)
NdFeb magnets

Constantinides (2012)
(PM only)
Wind Power Generators
MRI
Air conditioning compressors
and fans
Hybrid & Electric traction
drive
Electric bicycles
Motors, industrial, general
auto

HDD, CD, DVD
Transducers, loudspeakers

Gaugers, brakes, relays &
switches, pipe inspection,
levitated transportation,
reprographics, hysteresis
clutch, energy storage
systems, magnetic separation
etc.
5%
2%
1%
1%
2%

4.3.2

Habib et al. (2014)
(PM only)
Wind turbines
MRI Machines
Air conditioners
Electric and hybrid vehicles
Conventional vehicles
Washing machines and
dryers
Refrigerators and freezers
Vacuum cleaners
Microwave ovens, juicer and
blender machines, hand
mixers
Electric toothbrushes, body
shavers
Desktop computers,
Laptops, Notebooks, Tablets
DVD-players
Wireless telephones
Mobile phones
Headsets
Speakers
Power drills
Lawn mowers
Magnetic bicycle lights

Ceramics
Autocatalysts
Glass
Phosphors
Other metallurgy

Neodymium containing materials and products from the
Europroms statistics

The full link between the selected product categories and the Europroms database is
disclosed in the spreadsheet that can be downloaded from the Desire website.
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Identified data gaps in the Europroms statistics and filling
in the data gaps

Table 4.3-2 shows the commodities in Europroms for which trade statistics are lacking.
Based on the data for the production statistics, both given in values and physical units,
the price per product was derived. These prices are used to estimate the trade statistics.
Aside from the data gaps in the trade statistics, the Eurostat database does not have a
specific category for MRI machines (only the broader category ‘Electrodiagnostic
equipment’). However, the use of the broader category would lead to discrepant results
due to the large weight-, and thus concentration differences between products in that
category. Since no specific data were found for the market share of MRI machines in this
category, but taking into account that MRI machines are generally regarded as an
important application of NdFeB-magnets, specific MRI data were taken from the United
Nations Commodity Trade Statistics Database for the year 2007 (UN Comtrade, 2015).,
specific MRI data were taken from the United Nations Commodity Trade Statistics
Database for the year 2007 (UN Comtrade, 2015). The trade values were converted to
euro using the 2007 dollar-euro exchange course, and import- and export quantities
were derived from the trade weight. The quantity of MRI produced almost equals the
quantity of MRI exported (Bachér et al., 2013), so these data were used.
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Table 4.3-2. Estimated trade statistics in physical units for commodities in the Europroms statistics, based on price derived from
production statistics.
INDICATORS

PRCODE

EXP_QUANTITY

EXP_VALUE

IMP_QUANTITY

IMP_VALUE

PROD_QUANTITY

PROD_VALUE_EUR

Price (eur/unit)

UNIT

Grinding or polishing machines for working stone,
ceramics, concrete, asbestos-cement or like
mineral materials or for cold working glass
Machine-tools for working stone, ceramics,
concrete, asbestos-cement or like mineral
materials or for cold working glass (excluding
sawing machines, grinding or polishing machines)
Presses for the manufacture of particle board or
fibre building board of wood or other ligneous
materials, and other machines with individual
functions for treating wood or cork
Microphones and their stands (excluding cordless
microphones with a transmitter)
Headphones and earphones, even with
microphone, and sets consisting of microphone
and one or more loudspeakers (excluding airmen's
headgear with headphones, telephone sets,
cordless microphones with transmitter, hearing
aids)
Telephonic and measurement amplifiers (excluding
high or intermediate frequency amplifiers)
Telephone sets (including line telephone sets with
cordless handsets, videophones) (excluding
telephone answering machines not an integral part
of the set)
Air conditioning machines of a kind used in motor
vehicles
Air conditioning machines with refrigeration unit
(excluding those used in motor vehicles, selfcontained or split-systems machines)
Air conditioning machines not containing a
refrigeration unit;central station air handling units;
vav boxes and terminals, constant volume units
and fan coil units
Drying machines of a dry linen capacity <= 10 kg

29431150

9567,24

318028370

1305,43

43394220

11749

390553036

33241,39

p/st

29431170

287917,52

364953980

44705,25

56666780

456925

579181826

1267,56

p/st

29431287

15321,87

407906520

1120,87

29840460

40719

1084041827

26622,51

p/st

32304100

3475487,70

117668410

5220834,63

176760030

5522321

186967352

33,86

p/st

32304270

5997340,50

188800560

22695199,16

714461070

6000000

188884283

31,48

p/st

32304355

219742,08

19391800

61176,00

5398660

30044

2651323

88,25

p/st

32202020

108309199,95

855534270

169777205,64

1341069990

150000000

1184849861

7,90

p/st

29231240

863412,70

84674790

603140,88

59149960

22587009

2215105515

98,07

p/st

29231245

596887,25

502461310

1968702,77

1657259330

2488853

2095123206

841,80

p/st

29231270

377212,36

343950090

391922,93

357363500

1844999

1682308544

911,82

p/st

29711370

684432,21

141399300

220401,53

45533540

5045055

1042275969

206,59

p/st

Window or wall air conditioning systems, selfcontained or split-systems
Other refrigerating or freezing equipment

29231220

428321,36

173390780

3432389,19

1389481570

3448114

1395847204

404,81

p/st

29231390

508552,04

556131530

218096,15

238500950

3034435

3318332929

1093,56

p/st

Lasers (excluding laser diodes, machines and
appliances incorporating lasers)

33402330

296823,73

562992430

120770,45

229068100

215352

408463116

1896,72

p/st
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INDICATORS

PRCODE

Magnetic Resonance Imaging apparatus

#N/A

Spectrometers, spectrophotometers... using
optical radiations
Heat pumps other than air conditioning machines
of HS 8415
Relays for a voltage <= 60 V and for a current <= 2
A
Relays for a voltage <= 60 V and for a current > 2 A
Relays and contactors for a voltage > 60 V but <= 1
kV

EXP_QUANTITY

EXP_VALUE
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IMP_QUANTITY

IMP_VALUE

PROD_QUANTITY

PROD_VALUE_EUR

Price (eur/unit)

600000

UNIT

2156,56

1293938610

739,93

443959696

p/st

33205330

1576657,08

611672440

1058928,36

410816850

154657

60000000

387,96

p/st

29231380

168114,93

486332480

32958,37

95343860

560000

1620000000

2892,86

p/st

31202433

49735053,13

43297720

76494862,64

66593940

184332357

160473756

0,87

p/st

31202435

179502064,88

242783870

183413835,91

248074700

262045947

354427840

1,35

p/st

31202450

201844130,61

649053410

88246810,30

283767940

435375238

1400000000

3,22

p/st
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Unit conversion factors for Europroms statistics specific
for Neodymium items

For some commodities, Eurostat unit conversions were not available. Table 4.3-3 below lists the
products for which an additional unit conversion had to be used, the sources that have been used
and the assumptions that were made.

Table 4.3-3. weight conversion used, in case no weight conversion (Eurostat, 2010) was
available.
Production commodity

Weight
(kg/unit)
6358

Source

Comments

Eurostat (2007)

4850

Eurostat (2007)

Non-numerically controlled
horizontal lathes (excluding
centre lathes, automatic
lathes)
Non-numerically controlled
cylindrical surface grinding
machines for working metal,
in which the positioning in
any one axis can be set up
to a minimum accuracy of
0.01mm
Presses for moulding
metallic powders by
sintering or for compressing
scrap metal into bales

7186

Eurostat (2007)

Assumed to be the same as
similar, non-numerically
controlled product
Assumed to be the same as
similar, non-numerically
controlled product
Assumed to be the same as
similar, non-numerically
controlled product

1779

Eurostat (2007)

Same as flat-surface grinding
machines

1000

Own
assumption

Similar to riveting machines

Presses for moulding,
numerically controlled
Presses for the manufacture
of particle board or fibre
building board of wood or
other ligneous materials,
and other machines with
individual functions for
treating wood or cork
Microphones and their
stands (excluding cordless
microphones with a
transmitter)
Headphones and earphones,
even with microphone, and
sets consisting of
microphone and one or more
loudspeakers (excluding
airmen's headgear with
headphones, telephone sets,
cordless microphones with
transmitter, hearing aids)
Air conditioning machines of
a kind used in motor
vehicles

1000

Own
assumption
Own
assumption

Similar to riveting machines

Air conditioning machines
with refrigeration unit

Non-numerically controlled
horizontal centre lathes
(engine or tool-room)
Non-numerically controlled
horizontal automatic lathes

1000

2

Blue
Microphones
(2013)

0.07

Head-Fi.org
(2015).

13

Own
assumption

60

Own
assumption

Similar to riveting machines

Average size headphone
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Weight
(kg/unit)

Source

Comments

Air conditioning machines
not containing a
refrigeration unit;central
station air handling units;
vav boxes and terminals,
constant volume units and
fan coil units
Drying machines of a dry
linen capacity <= 10 kg

40

Own
assumption

70

Same as washing machines

Window or wall air
conditioning systems, selfcontained or split-systems
Magnetic Resonance
Imaging apparatus
Glass parts for lamps and
lighting fittings, etc
Heat pumps other than air
conditioning machines of HS
8415
Relays for a voltage <= 60 V
and for a current <= 2 A

25

Own
assumption,
Eurostat (2007)
Slate (2011)

Average of reported weights for
different open MRI machines.

300

Block Imaging
(2014)
Megaman
(2015)
Rheem (2015)

0.1

Celduc (1999)

Relays for a voltage <= 60 V
and for a current > 2 A

0.2

Celduc (1999)

Relays and contactors for a
voltage > 60 V but <= 1 kV

0.3

Celduc (1999)

(excluding those used in
motor vehicles, selfcontained or split-systems
machines)

4.3.5

31400
0.03

Neodymium concentrations in (subcomponents of)
materials and products

For most materials and products, concentrations have been specified in kg Neodymium
per kg product. However, for some product categories the concentration per unit is
specified. This is because while similar products may contain the same subcomponent
(eg. a small electric motor) from which the product concentration is derived, the product
weight itself is different, resulting in different kg/kg concentrations within a category.
Table 4.3-4 below would become too extensive if values were displayed for every product
individually. Individual product concentrations can be found in the spreadsheet that can
be downloaded from the Desire website.
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Table 4.3-4. Neodymium concentration in the selected products.
Product description

Source

Electric motors

Concentration
(kg per kg
product)
0.0005

Batteries

0.006300

Müller &
Friedrich
(2005). Peiró
et al. (2013).

Catalysts

0.03

Peiró et al.
(2013).

Factory automation

0.00005

Laptops

0.00000032

Buchert et al.
(2012)

Desktops

0.00048579

Buchert et al.
(2012)

Disk- & harddrives
Hard disks

0.005863

Buchert et al.
(2012)

CD-ROM drives &
players

0.0004914/unit

Consumer electronics

0.0001

Loudspeakers

0.03

Air conditioners

0.145 kg/unit

MRI machines

0.18060

Metals. alloys.
compounds
Permanent magnets

0.005948
0.3

Assumptions
Estimate based on the average
content/weight ratio of
different applications
containing electric motors
Percentage of mischmetal in
battery assumed to be 9%,
composition of mischmetal
average of sources (Peiró et
al., 2013).

Based on assumption of
electric motor in product

Habib et al.
(2014)

Contains:
Voice coil accelerator HDD
Spindle motor HDD
Spindle motor optical drive
BLDC motor fan
It is assumed that speakers
and screen not included.
Contains:
Voice coil accelerator HDD
Spindle motor HDD
Spindle motor optical drive
BLDC motor fan
Weight indicates 3.5 inch HDD.
Contains:
Voice coil accelerator for
HDD
Spindle motor HDD
Assumed to be the same as
DVD player

Magnet is assumed to be 10%
of product weight with 30% Nd
concentration
Habib et al.
(2014)
Habib et al.
(2014)
Derived
Buchert et al.
(2012).
Habib et al.
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Assumptions

(2014).
Pigments

0.06

Pumps and
compressors
Large domestic
appliances
Washing machine
Dryer
Freezer
Refrigerator
Vacuum cleaner

0.002417

Small domestic
appliances and tools
Tools and food
grinders
-

Shavers/hair
clippers

0.3016
0.1566
0.1421
0.0754
0.0261

Same kg/kg concentration as
air conditioning

kg/unit
kg/unit
kg/unit
kg/unit
kg/unit

0.0005 kg/unit

Own
assumption

0.0003 kg/unit

Habib et al.
(2014)
Own
assumption

Switches and relays

Vehicles (conventional)

0.3306 kg/unit

Vehicles (electric)

0.000565

4.3.6

Peiró et al.
(2013).
Own
assumption
Habib et al.
(2014)

Based on a DC motor of an
output > 37.5 W but <= 750
W

Magnet is assumed to be 15%
of product weight with 30% Nd
concentration

Habib et al.
(2014)
Habib et al.
(2014)

Allocation of Europroms statistics to Neodymium
concentration data

This step is about allocation of Europroms statistics to the items for which concentration
data are specified for the critical material. In this step conversion factors are defined
indicating the market share and/or part of the product of the Europroms statistics to
which the concentration data apply, see table 4.3-5.
So information on the composition of Neodymium-containing (intermediate) products,
e.g. electric motors, such as given in table 4.3-4, needs an additional assumption on the
amount of electric motors that contains Neodymium.
Finally, these steps lead to the overview of Neodymium flows in imports, exports and
production, thus giving the derived apparent consumption of Neodymium as in Table 4.26. Altogether, this list of materials and products covers the most relevant uses of
Neodymium in society, considering that most excluded products are minor or specialty
applications.
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Table 4.3-5. List of representative fractions applied to link product weights and
neodymium concentrations
Prodcom product name
Nickel-hydrid
accumulators
Reaction initiators;
reaction accelerators and
catalytic preparations
Electric motors of an
output <= 37.5 W
(including synchronous
motors <= 18 W,
universal AC/DC motors,
AC and DC motors)
DC motors and generators
of an output > 37.5 W but
<= 750 W (excluding
starter motors for internal
combustion engines)
Electric motors (other)
Factory automation
Laptops
Desktops
Disk- & Harddrives
Loudspeakers

Applied
fraction
0.13

Assumption

0.10

Conservative estimate

0.40

NdFeb technology is often used in
miniaturizing applications, so it is
assumed the share is higher in smaller
motors (Molycorp, 2013)

Pillot (2012)

0.30

0.20
0.20
1.00
1.00
1.00
0.19

Consumer electronics
Air conditioners
Refrigerators and freezers
Large domestic appliances
MRI
Metals, alloys, compounds
Permanent magnets
Pigments
Pumps and compressors
Air compressors
Other

0.10
0.61
0.11
0.16
0.10
1.00
0.20
0.01

Small domestic appliances
& tools
Switches & relays
Vehicles (conventional)
Vehicles (electric)

0.25

0.61
0.11

0.2
0.25
1.0

Estimate
Estimate
Habib et al. (2014)
Habib et al. (2014)
Habib et al. (2014)
Estimate based on the amount of
loudspeakers containing PM divided by
percentage of NIB-magnets
Conservative estimate
Japanse MFA
Japanse MFA
Japanse MFA
Bachér et al. (2013)
Shaw & Constantinides (2012).
Conservative estimate
Air compressors: same fraction as air
conditioning.
Other: same as refrigerators &
freezers.
(Japanse MFA)
Habib et al. (2014)
Estimate
Habib et al. (2014)

Having applied the concentration data and the fraction of products containing
Neodymium, flows of Neodymium were distilled from the product import, export and
production.
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Table 4.3-6. Neodymium relevant products & their trade and production flows (in tons
Indium) for EU27 in 2007 according to (Eurostat, 2014).

Product description
metals, alloys, compounds
permanent magnets
distributors and ignition
electric motors
pigments (ceramics/glass)
loudspeakers
air conditioners
lasers
pumps and compressors
switches and relays
disk- & harddrives
batteries
catalysts
factory automation
laptops
desktops & computers
consumer electronics
refrigerators and freezers
vehicles (electric)
vehicles (conventional)
MRI
small domestic appliances &
tools
large domestic appliances
other

4.3.7

Product stage
Raw material
Raw material
Sub-component
Sub-component
Sub-component
Sub-component
Sub-component
Sub-component
Sub-component
Sub-component
Sub-component
Sub-component
Sub-component
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product

Export Import
200,44 3532,88
723,23 3814,11
0,00
0,00
248,10 1421,80
352,05
36,37
290,64 2815,60
200,41
565,74
0,00
0,00
344,22
756,06
174,44
108,30
237,43
902,05
3,19
10,83
397,41
196,29
138,51
359,18
0,01
0,05
77,33
64,61
8,84
17,19
164,93
340,19
180,01 3657,51
467,92
265,26
13,22
7,07
5,25
327,36
0,04

Apparent
Produc consump
tion
tion
2396,47
5728,91
1224,00
4314,88
0,00
0,00
1872,85
3046,55
2128,81
1813,13
1308,40
3833,36
2686,14
3051,46
0,00
0,00
562,32
974,16
347,69
281,54
74,50
739,12
5,65
13,28
1057,71
856,59
42,98
263,65
0,02
0,06
123,98
111,27
14,42
22,77
489,15
664,40
7,17
3484,67
2028,48
1825,82
13,22
7,07

23,02
12,05
485,47 1090,87
1,48
0,01

29,82
1248,98
1,46

Neodymium Sankey diagram: further break down of flows
if possible

In order to be able to draw up a Sankey diagram which relates raw materials to
intermediate materials and final products the Indium flows a further break was not
necessary.
In order to maintain readability in the Sankey diagram, some categories were
aggregated. Former categories ‘Small domestic appliances and tools’ and ‘Large domestic
appliances’ were aggregated into the broader category of ‘Domestic appliances’. The
same was done for ‘Laptops’, ‘Desktops’ and ‘Consumer electronics’, which were
classified in ‘Consumer electronics’. ‘Electric motors’ and ‘Pumps and compressors’ were
aggregated into ‘Pumps and electromotors’.
A detailed allocation of raw material forms into final & semi-finished products is applied,
using the allocation rules as discussed sections 4.3.8 and 4.3.9.
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Neodymium Sankey diagram: expert opinion and
optimization

The distribution of raw materials over sub-component production and the subsequent
distribution over final products was derived using an optimization routine based on a
linear programming simplex algorithm (Dorfman et al. 1958) in combination with
conditions set by the available qualitative studies. Exceptions to the allocation routine are
the allocation of the following subcomponents to their relative final products: catalysts,
pigments, air conditioners, disk- & harddrives and batteries. For this, an allocation was
determined based on literature.
Table 4.3-7. Allocation of the raw material (apparent) consumption over the production
of sub-components in Europe. Some raw materials are directly processed into final
products, as indicated with an (F).
Raw material allocation
From
To
(Raw Material
(Subapparent
component
consumption)
production)
permanent magnets
MRI (F)

metals, alloys,
compounds

Percentage
(Outcome of
optimization)
0.3%

Fulfills
production?
(supply/
demand)
100.0%

Other (F)

0.0%

100.0%

Electric motors

16.1%

37.0%

Loudspeakers

29.2%

96.5%

Air conditioners

33.5%

53.8%

Pumps and
compressors

12.8%

98.4%

Switches and
relays

7.9%

98.7%

Disk- &
harddrives

0.1%

6.3%

Electric motors
Pigments
Loudspeakers
Air conditioners
Pumps and
compressors
Switches and
relays
Disk- and
harddrives
Batteries
Catalysts

23.5%
37.2%
0.2%
19.2%
0.0%

72.0%
100.0%
1.0%
41.0%
0.5%

0.0%

0.7%

1.2%

93.6%

0.1%
18.5%

100.0%
100.0%
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Table 4.3-8. Allocation of the (apparent) consumption of sub-components over the neodymium demand from the production of final
products in Europe. The numbers are an outcome of the optimization routine as discussed in the text and data from literature.

Catalysts
(Peiró et
al., 2013)
Factory
automation
Laptops
Desktops &
computers
Consumer
electronics
Refrigerators
and freezers
Vehicles
(electric)
Vehicles
(conventional
Small domestic
appliances &
tools
Large domestic
appliances
Glass and
ceramics
industry
Household
airconditioning

Electric
motors

Loudspeak
ers

Pigments

Air conditioners

Batteries
(Pillot,
2010)

74.8%
0.0%

Pumps
and compressors

Switches
and relays

71.9%

67.9%

11.0%

Disk- and
harddrives
Coughlin,
2013)

28.0%
47.0%

0.0%

12.0%

6.4%

28.1%

0.0%
100%

25.0%

30.0%
100%

52.0%

30.0%

0.0%

32.1%
25.0%

18.8%

0.0%
100%
40.0%
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Neodymium Sankey diagram: allocation of flows to
production stages

Using the allocation factors in table 4.3-7 and 4.3-8, an neodymium flow scheme is
constructed for the European Union (considering the 27 member state description,
further referred to as the EU27) while respecting the conceptual representation as given
in figure 3-2, where A1 & A2 are the two steps requiring allocation of neodymium flows.

4.3.10

Neodymium Sankey diagram: visualization

The results of the substance flow analysis for Neodymium as described in the previous
sections is shown by means of a Sankey-diagram in Figure 4.3-1. The diagram shows the
imported flows (in light-green), the exported flows (in light-red), and the intra-European
flows of tantalum neodymium (in light blue). It shows the cascading of the consumed
tantalum neodymium in raw material form (in the blue bars) through the demand for
sub-components (in green) and final products. (where the colored bars indicate different
categories). Light orange flows indicate a balance deficit or a balance surplus. Careful
interpretation is required, as the size of the bars as well as the indicated volumes for
each product indicates the size of the tantalum neodymium flow through Europe
(imports, exports + intra EU inputs), so not its actual consumption. The actual
consumption of raw materials and sub-components is represented by the light-blue flows,
and are based on the allocation method as described for step 9 in the previous section.
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In the section below these results are discussed and compared against existing studies.

Figure 4.3-1. Annual neodymium flows through the EU27 in 2007, expressed in tons
neodymium. The template for this Sankey-diagram was inspired by and adapted from
(Bostock, 2012). In the Sankey ‘extraction’ refers to ‘production of raw material’ (like
rare-earth metals, compounds, permenant magnets).
If we compare these results with existing studies, the relative distribution within
applications is comparable. In table 4.3-9, the percentage of consumption of several
intermediate applications is tabulated.
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Table 4.3-9 relative consumption of neodymium in intermediate applications from
literature and as calculated in this study.
Application

Results

EC (2013)

81.7%

USGS
(world)(2010)
76.2%

Magnets
Batteries

0.1%

5.1%

-

Glass & ceramics

12.4%

5.0%

6%

Catalysts

5.7%

1.0%

2%

Metallurgy
Other

-

7.9%
4.9%

2%
1%

89%

Table 4.3-9 shows that the share of Neodymium used in magnets is almost exactly the
average of two other sources.
It seems that, even though a conservative estimate was made for the composition and
share of Nd-containing catalysts (for example, compared to Peiró et al., 2013), the
percentage of the total amount of Nd is still higher than the USGS and EC report. The
same goes for Neodymium use in the glass & ceramics industry.
A comparison of absolute numbers shows that in 2008 (the closest reference year), the
global consumption of Nd3O2 was 23,900 tonnes, amounting to 22,227 tonnes of pure
Nd. In this study, the consumption of Neodymium in final products is 9,473 tonnes. Since
this would amount to about 43% of world consumption, it seems an overestimation was
made of the concentration data or market shares of Neodymium products. On average
for all REOs, the EU-27 accounts for less than 8% of world consumption (Polinares,
2012).
Balancing items visualize the relative shortage or surplus of input (production or import)
compared to the apparent consumption. In the diagram, it can be seen that a balance
surplus exists for most final products. This is caused by high input compared to low
consumption of Neodymium in these products. Careful analysis of the results indicates
that there are two potential causes of this overestimation.
Part of this surplus finds its origins in the production data of raw materials reported by
the Europroms database. For permanent magnets, it reports a production of 20400t for
the EU-27. Even with a conservative NdFeB market share of 20%, this would amount to
4080t of NdFeB magnets produced. This is about four times larger than the production
indicated by Luo (2008) and Benecki (2013), who reported 1100t and 1000t respectively.
Assuming less conservative market shares naturally leads to even larger discrepancies.
The same issue is found in the reported production data of rare earths. 320t of rare earth
metal production is reported, and 30000t of rare earth compounds. The latter is an
ambiguous category, potentially containing RE chlorides, fluorides, carbonates and
oxides. To facilitate comparison with world production, these numbers are converted to
similar amounts of REO. If a conversion factor of 1.2 is used for rare earth metals, and a
conversion factor of 0.41 for rare earth compounds (Hong, 2006), this would amount to
384t and 12300t respectively. With a total of 12684t, this comprises 10% of the world
production of REO of 124000t in 2007 (USGS, 2008). It seems that the amount of
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production has potentially been overestimated by a factor 10. While in this research, this
does not have any effect (as concentration data were derived to match intermediate
demand), it still highlights the need to exercise caution when using this database for
future research.
However, this problem is not only caused by production data of raw materials. The
largest part of the problem is located in the high uncertainty of concentration data and
market shares, necessitating the making of assumptions. For vehicles, it can be seen that
the surplus is mainly caused by the disproportional allocation of loudspeakers, a
consequence of the allocation procedure. For other products, the surplus is most likely
caused by overestimations of the concentration data of market shares of some products,
especially those containing electric motors. A high concentration or market share of
motors on the one hand, and lower concentrations or market shares of final products on
the other leads to discrepant results.

4.4

The steel alloying elements (SAE) chromium,
manganese, molybdenum, and vanadium

4.4.1

Identified SAE applications

Steel is ubiquitous in modern society. To make steel suitable for a wide spectrum of
applications, raw converter steel that only contains carbon is alloyed with a number of
different elements including chromium, manganese, silicon, vanadium, molybdenum,
niobium and many more. While some alloying elements such as chromium and
manganese are produced in very large quantities comparable to copper (more than 15
Mt/yr), others, for example niobium or vanadium are used in much smaller quantities,
sometimes less than 100 kt/yr (USGS 2010). Steel is clearly the dominant application of
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the four alloying elements selected (Figures 4.x1 and 4.x1).
Figure 4.4-1. End-use split of molybdenum and manganese with data from Graedel et
al. (2013).

Only about 10% of all molybdenum is used in non-steel applications, mainly as catalysts
and lubricants. Around 90% of all manganese is used in metallurgy. A significant share of
that number is dissipative use, however: About 30% of all manganese is used to remove
sulphur from pig iron, and hence, it ends up in the slag phase of the steelmaking
process.

Figure 4.4-2. End-use split of chromium and vanadium with data from Graedel et al.
(2013).

Next to applications in steel, a small fraction of chromium is used in refractory bricks,
pigments, and tanning. Next to applications in steel alloys, about 9% of all vanadium is
used in batteries, jewelry, catalysts, and pigments.
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SAE containing materials and products from the
Europroms statistics

Specialty steel is used in a large variety of manufactured products, typically in form of
stainless steel, tool steel, or electrical steel. From the 4447 commodity groups in the
Europroms database (given in eight digit NACEv1.1) we selected 1406 that we expect to
have a significant concentration of specialty steel.

4.4.3

Identified data gaps in the Europroms statistics and filling
in the data gaps

No data gaps were identified.

4.4.4

Unit conversion factors for Europroms statistics specific
for SAE items

Because general unit conversion factors from Eurostat (Eurostat, 2010) were not
available for all SAE-containing commodities, additional assumptions had to be made.
This concerns about 320 of the 1406 selected commodity groups. For these the mass
flows of production and trade could not be determined with the given data, either
because only monetary values were reported or the specific unit price (Eur/kg or
Eur/item) were not available. For these groups we made informed estimates of the
specific weight (kg/item), which are documented in the spreadsheet that can be
downloaded from the Desire website.

4.4.5

SAE concentrations in (subcomponents of) materials and
products

For a few of the 1406 selected commodities the metal concentration could be determined
stoichiometrically because these groups are pure substances or alloys. For the other
categories, the work on the contemporary chromium cycle by Johnson et al. (2006) was
used as a reference. The authors of that study provide a list of chromium content of
about 60 commodity groups.
We used the supplementary data from the study by Johnson et al. (2006) as follows:
a) we assume that the steel used in each of these commodity group can be well
represented by one of the three alloys listed in Table 4.4-1. In other words, we use the
three steel alloys in Table 4.4-1 as proxy for the special steel (not for all steel!) in the
commodity groups in Johnson et al. (2006).
b) We assume that the chromium content given by Johnson et al. (2006) indicates the
concentration of specialty steel (not all steel!) in that group, so that we can use the
chromium content to determine the content of the other three metals according to the
relative ratios in Table 4.4-1.
c) For each of the 4447 commodity groups in the Europroms database (given in eight
digit NACEv1.1) we select the closest matching group in the list of Johnson et al. (2006),
if any.
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Table 4.4-1: Concentration of selected SAE metals in three typical steel alloys: 304
austenitic steel, a common stainless steel, A2 tool steel, and electrical steel.
Cr

Mn

Mo

V

304 austenitic
steel

0.18

0.02

0.006

0

A2 tool steel

0.05

0.01

0.01

0.003

Electrical steel

0

0.002

0

0

We can hence estimate the concentration of the four SAEs in more than 4000 Europroms
groups by taking the chromium content in the list of 60 groups provided by Johnson et
al. (2006) as proxy for the specialty steel content and by assuming one out of three
characteristic steel alloys as proxy specialty steel type.

Applying this procedure to the 4447 Europroms categories leaves us with 1406
commodity groups which contain significant amounts of at least one of the four SAEs
studied.

A table showing the resulting concentration values is disclosed in the spreadsheet that
can be downloaded from the Desire website.

4.4.6

Allocation of Europroms statistics to SAE concentration
data

In the case of the SAEs no further assumptions are made to allocate Europroms statistics
to SAE concentration data.

4.4.7

SAE Sankey diagrams: further break down of flows if
possible

All the previous steps finally lead to the overview of SAE flows in EU27 in the year 2007.
Table 4.4-2 shows the imports, exports, production and derived apparent consumption of
SAEs (ton SAE), respectively chromium, manganese, molybdenum and vanadium.
Table 4.2-2 shows that the commodities are reported in high level of detail. Instead of
break down of flows an aggregation into groups seems more appropriate in order to be
able to relate raw materials to intermediate materials and final products. However,
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aggregation of flows is not a straightforward procedure as will be discussed in the next
section.
The data presented in table 4.4-2 are preliminary results. Some of the calculated
apparent consumptions appear to be negative which obviously points to some flaws in
the data and/or data handling. Some possible reasons will be discussed in the next
section.
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Table 4.4-2a. Chromium relevant products & their trade and production flows (in tons chromium) for EU27 in 2007 according to
(Eurostat, 2014).
Chromium containing commodity
Non-ferrous metal ores
Non-ferrous metal oxides and
hydroxides
Other non-ferrous metal compounds
Other non-ferrous metals
refractory ceramics
finished steel and ferroalloys
tubes and pipes
HSS and stainless steel bars and rods
Stips of alloy, stainless, and electrical
steel
cold formed sections of stainless steel
Stainless and alloy steel wire
Aluminium alloys, unwrought and tubes
Leather
pigments and paint
steel containers
Extruded and forged metal parts
Turned metal parts
Locks and hinges
Casks, drums, and cans
Food cans
Wire, ropes, and cables
Nuts and bolts

stage

Export

Import

Production

raw material
raw material

30891

742255

45339

Apparent
consumption
756703

6203

17902

82296

93995

raw material
raw material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material

706

21743

16431

37468

11428

12383

16693

17648

7271

910

22057

15696

1581087

3080570

14404929

15904411

270996

542247

2163181

2434432

72864

64954

280622

272713

30989

7937

328278

305226

Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material

722

144

23295

22717

7599

15170

56076

63647

353

2769

9705

12121

11834

18767

42565

49498

2902

204

17318

14620

10537

3679

390122

383264

0

0

0

0

0

0

0

0

87036

116333

518728

548025

17692

11580

132067

125955

1663

243

43836

42416

1797

1995

38098

38295

3445

17248

28168

41971

Page 80 of 117

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe
Chromium containing commodity
Misc. products: Sinks and basins,
anchors, filing cabinets, etc.
Combustion engines
Hydraulic gear, pumps, and compressors
Valves etc.
Ball bearings, shafts, clutches, and gear
boxes
Batteries
Seats and parts of seats
Leather apparel
Leather accessories
Articles of leather
Footwear
radiators
Boilers
Knives and scissors
Small tools, screwdrivers, saws, etc.
Furnaces and ovens
Hoists, cranes, etc
Refridgerating and air conditioning
equipment
Food packaging and vending machines,
machines for the chemical industry
Tractors
Harvesting and other agricultural
machines
Electro-mechanical tools
Metal-working machinery
Stone and wood-working machinery,

stage

Export

Import

Production

Intermediate material

46105

16375

161613

Apparent
consumption
131882

Intermediate material
Intermediate material
Intermediate material
Intermediate material

1785754

902931

2228161

1345338

365259

380289

433265

448295

3698

2608

12552

11462

1066

915

4183

4032

Intermediate material
Intermediate material
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product

0

0

0

0

5113

16113

66538

77537

83

241

386

544

228

1383

453

1608

1253

17288

2152

18187

1637

11537

7002

16902

20474

17835

174866

172226

2706

628

17950

15872

1787140

36962117

1144118

36319095

11866

25308

50512

63954

11994

1589

33564

23159

16698

6061

78561

67924

63179

21116

155706

113643

Final product

1557269

339415

1968059

750205

Final product
Final product

496

359

1338

1200

6425

4290

8832

6697

Final product
Final product
Final product

4380

14886

6637

17144

594760

1695193

190700

1291133

83108

156896

111826

185614
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Chromium containing commodity

stage

Export

Import

Production

Apparent
consumption

Final product
Final product
Final product
Final product
Final product
Final product

8608

2661

23329

17381

2362430

4711

9504

-2348215

69198

9703

169082

109587

207465

21270

21676

-164519

40737

30558

43025

32846

1573599

281427

343194

-948978

Final product
Final product
Final product

166

60

287

181

23136

45197

86285

108346

2814

3219

16724

17129

Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product

23318

20736

20539

17957

3758

3426

10647

10314

2815

20825

1204

19214

60

599

375

913

24260

14477

97774

87991

15763

11694

230148

226079

105568

139860

86752

121044

13234

6179

12058

5003

3123

1909

2171

956

67

493

356

782

36

122

82

168

750

779

2735

2764

Final product

795

454

5335

4995

solderin and welding equipment
Rolling mills etc
Bulldozers and other moving equipment
Food processing machinery
Textile machinery
Paper and pulp industry machines
Printing machines; glass, plastics, and
semiconductor processing machinery
Guns and other firearms
Household appliances
Cooking appliances and storage water
heaters
Medical equipment
Measuring equipment
Optical equipment
Clocks and watches
Motor vehicles
Motor vehicle parts
Ships etc.
Locomotives, rail cars, etc
Aircrafts and parts thereof
Motorcycles
Invalid carriages
Other vehicles, not mechanically
propelled
Office furniture
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Table 4.4-2b. Manganese relevant products & their trade and production flows (in tons manganese) for EU27 in 2007 according to
(Eurostat, 2014).
Manganese containing commodity

stage

Export

Import

Production

Non-ferrous metal ores

raw material
raw material

29074

698593

42672

Apparent
consumption
712191

5838

16849

77455

88466

raw material
raw material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material

0

0

0

0

13244

114550

4411

105718

0

0

0

0

335750

1056574

2875989

3596814

30111

60250

240353

270492

8755

9018

36841

37103

3651

1139

39685

37173

Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material

80

16

2588

2524

1134

1977

8243

9086

1767

13845

48526

60603

0

0

0

0

0

0

0

0

1171

409

43347

42585

0

0

0

0

0

0

0

0

9671

12926

57636

60892

1966

1287

14674

13995

185

27

4871

4713

359

399

7620

7659

526

2491

4328

6294

5207

2030

18230

15053

Non-ferrous metal oxides and
hydroxides
Other non-ferrous metal compounds
Other non-ferrous metals
refractory ceramics
finished steel and ferroalloys
tubes and pipes
HSS and stainless steel bars and rods
Stips of alloy, stainless, and electrical
steel
cold formed sections of stainless steel
Stainless and alloy steel wire
Aluminium alloys, unwrought and tubes
Leather
pigments and paint
steel containers
Extruded and forged metal parts
Turned metal parts
Locks and hinges
Casks, drums, and cans
Food cans
Wire, ropes, and cables
Nuts and bolts
Misc. products: Sinks and basins,
anchors, filing cabinets, etc.
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Manganese containing commodity

stage

Export

Import

Production

Combustion engines

Intermediate material
Intermediate material
Intermediate material
Intermediate material

357151

180586

445632

Apparent
consumption
269068

71766

73475

83190

84899

411

290

1395

1274

213

183

837

806

Intermediate material
Intermediate material
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product

20104

128822

71408

180126

922

3058

12600

14735

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2275

1982

19430

19136

301

70

1994

1764

198571

4106902

127124

4035455

2373

5062

10102

12791

1333

177

3729

2573

3340

1212

15712

13585

7020

2346

17301

12627

Final product

278817

58368

367347

146897

Final product
Final product

99

72

268

240

1285

858

1766

1339

Final product
Final product
Final product

876

2977

1327

3429

118952

339039

38140

258227

16622

31379

22365

37123

Final product

1722

532

4666

3476

Hydraulic gear, pumps, and compressors
Valves etc.
Ball bearings, shafts, clutches, and gear
boxes
Batteries
Seats and parts of seats
Leather apparel
Leather accessories
Articles of leather
Footwear
radiators
Boilers
Knives and scissors
Small tools, screwdrivers, saws, etc.
Furnaces and ovens
Hoists, cranes, etc
Refridgerating and air conditioning
equipment
Food packaging and vending machines,
machines for the chemical industry
Tractors
Harvesting and other agricultural
machines
Electro-mechanical tools
Metal-working machinery
Stone and wood-working machinery,
solderin and welding equipment
Rolling mills etc
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Manganese containing commodity

stage

Export

Import

Production

Bulldozers and other moving equipment

Final product
Final product
Final product
Final product
Final product

472486

942

1901

Apparent
consumption
-469643

7689

1078

18787

12176

41493

4254

4335

-32904

8147

6112

8605

6569

314720

56285

68639

-189796

Final product
Final product
Final product

33

12

57

36

2595

5089

9703

12197

343

567

1951

2175

Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product

2591

2304

2282

1995

418

381

1183

1146

313

2314

134

2135

7

67

42

101

4852

2895

19555

17598

2806

2036

30163

29393

21114

27972

17350

24209

2647

1236

2412

1001

625

382

434

191

13

99

71

156

7

24

16

34

150

156

547

553

Final product

88

50

593

555

Food processing machinery
Textile machinery
Paper and pulp industry machines
Printing machines; glass, plastics, and
semiconductor processing machinery
Guns and other firearms
Household appliances
Cooking appliances and storage water
heaters
Medical equipment
Measuring equipment
Optical equipment
Clocks and watches
Motor vehicles
Motor vehicle parts
Ships etc.
Locomotives, rail cars, etc
Aircrafts and parts thereof
Motorcycles
Invalid carriages
Other vehicles, not mechanically
propelled
Office furniture
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Table 4.4-2c. Molybdenum relevant products & their trade and production flows (in tons molybdenum) for EU27 in 2007 according to
(Eurostat, 2014).

Molybdenum containing commodity

stage

Export

Import

Production

Non-ferrous metal ores

raw material
raw material

0

0

0

Apparent
consumption
0

375

1733

743

2101

raw material
raw material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material

0

0

0

0

468

4696

6000

10229

0

0

0

0

252360

401352

2190737

2339729

9033

18075

72106

81148

3476

5987

18597

21108

1033

265

12906

12138

Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material

24

5

776

757

797

1052

5642

5898

0

0

0

0

0

0

0

0

0

0

0

0

351

123

13004

12775

0

0

0

0

0

0

0

0

2901

3878

17291

18268

590

386

4402

4199

55

8

1461

1414

359

399

7620

7659

383

1653

3186

4456

1694

941

5899

5146

Non-ferrous metal oxides and
hydroxides
Other non-ferrous metal compounds
Other non-ferrous metals
refractory ceramics
finished steel and ferroalloys
tubes and pipes
HSS and stainless steel bars and rods
Stips of alloy, stainless, and electrical
steel
cold formed sections of stainless steel
Stainless and alloy steel wire
Aluminium alloys, unwrought and tubes
Leather
pigments and paint
steel containers
Extruded and forged metal parts
Turned metal parts
Locks and hinges
Casks, drums, and cans
Food cans
Wire, ropes, and cables
Nuts and bolts
Misc. products: Sinks and basins,
anchors, filing cabinets, etc.
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Molybdenum containing commodity

stage

Export

Import

Production

Combustion engines

Intermediate material
Intermediate material
Intermediate material
Intermediate material

357151

180586

445632

Apparent
consumption
269068

70641

71215

80159

80734

123

87

418

382

213

183

837

806

Intermediate material
Intermediate material
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product

0

0

0

0

833

2913

11980

14060

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

682

594

5829

5741

90

21

598

529

59571

1232071

38137

1210636

2373

5062

10102

12791

400

53

1119

772

3340

1212

15712

13585

2106

704

5190

3788

Final product

250261

50043

344365

144147

Final product
Final product

99

72

268

240

1285

858

1766

1339

Final product
Final product
Final product

876

2977

1327

3429

118952

339039

38140

258227

16622

31379

22365

37123

Final product

1722

532

4666

3476

Hydraulic gear, pumps, and compressors
Valves etc.
Ball bearings, shafts, clutches, and gear
boxes
Batteries
Seats and parts of seats
Leather apparel
Leather accessories
Articles of leather
Footwear
radiators
Boilers
Knives and scissors
Small tools, screwdrivers, saws, etc.
Furnaces and ovens
Hoists, cranes, etc
Refridgerating and air conditioning
equipment
Food packaging and vending machines,
machines for the chemical industry
Tractors
Harvesting and other agricultural
machines
Electro-mechanical tools
Metal-working machinery
Stone and wood-working machinery,
solderin and welding equipment
Rolling mills etc
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Molybdenum containing commodity

stage

Export

Import

Production

Bulldozers and other moving equipment

Final product
Final product
Final product
Final product
Final product

472486

942

1901

Apparent
consumption
-469643

2307

323

5636

3653

41493

4254

4335

-32904

8147

6112

8605

6569

314720

56285

68639

-189796

Final product
Final product
Final product

33

12

57

36

817

1632

3093

3908

150

499

731

1080

Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product

777

691

685

599

125

114

355

344

94

694

40

640

2

20

12

30

4852

2895

19555

17598

2503

1770

16280

15548

21114

27972

17350

24209

2647

1236

2412

1001

625

382

434

191

13

99

71

156

7

24

16

34

150

156

547

553

Final product

26

15

178

166

Food processing machinery
Textile machinery
Paper and pulp industry machines
Printing machines; glass, plastics, and
semiconductor processing machinery
Guns and other firearms
Household appliances
Cooking appliances and storage water
heaters
Medical equipment
Measuring equipment
Optical equipment
Clocks and watches
Motor vehicles
Motor vehicle parts
Ships etc.
Locomotives, rail cars, etc
Aircrafts and parts thereof
Motorcycles
Invalid carriages
Other vehicles, not mechanically
propelled
Office furniture
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Table 4.4-2d. Vanadium relevant products & their trade and production flows (in tons vanadium) for EU27 in 2007 according to
(Eurostat, 2014).

Vanadium containing commodity

stage

Export

Import

Production

Non-ferrous metal ores

raw material
raw material

0

0

0

Apparent
consumption
0

731

4307

2748

6324

raw material
raw material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material

0

0

0

0

0

0

0

0

0

0

0

0

71680

114097

616958

659375

0

0

0

0

351

1242

3175

4066

0

0

707

707

Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material
Intermediate material

0

0

0

0

196

197

1358

1359

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

108

120

2286

2298

96

388

809

1101

57

142

184

270

Non-ferrous metal oxides and
hydroxides
Other non-ferrous metal compounds
Other non-ferrous metals
refractory ceramics
finished steel and ferroalloys
tubes and pipes
HSS and stainless steel bars and rods
Stips of alloy, stainless, and electrical
steel
cold formed sections of stainless steel
Stainless and alloy steel wire
Aluminium alloys, unwrought and tubes
Leather
pigments and paint
steel containers
Extruded and forged metal parts
Turned metal parts
Locks and hinges
Casks, drums, and cans
Food cans
Wire, ropes, and cables
Nuts and bolts
Misc. products: Sinks and basins,
anchors, filing cabinets, etc.
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Vanadium containing commodity

stage

Export

Import

Production

Combustion engines

Intermediate material
Intermediate material
Intermediate material
Intermediate material

107145

54176

133690

Apparent
consumption
80720

21048

21074

23658

23685

0

0

0

0

64

55

251

242

Intermediate material
Intermediate material
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product

0

0

0

0

239

855

3514

4131

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

712

1518

3031

3837

0

0

0

0

1002

364

4714

4075

0

0

0

0

Final product

71407

13943

100355

42890

Final product
Final product

30

22

80

72

385

257

530

402

Final product
Final product
Final product

263

893

398

1029

35686

101712

11442

77468

4986

9414

6710

11137

Final product

516

160

1400

1043

Hydraulic gear, pumps, and compressors
Valves etc.
Ball bearings, shafts, clutches, and gear
boxes
Batteries
Seats and parts of seats
Leather apparel
Leather accessories
Articles of leather
Footwear
radiators
Boilers
Knives and scissors
Small tools, screwdrivers, saws, etc.
Furnaces and ovens
Hoists, cranes, etc
Refridgerating and air conditioning
equipment
Food packaging and vending machines,
machines for the chemical industry
Tractors
Harvesting and other agricultural
machines
Electro-mechanical tools
Metal-working machinery
Stone and wood-working machinery,
solderin and welding equipment
Rolling mills etc
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Vanadium containing commodity

stage

Export

Import

Production

Bulldozers and other moving equipment

Final product
Final product
Final product
Final product
Final product

141746

283

570

Apparent
consumption
-140893

0

0

0

0

12448

1276

1301

-9871

2444

1833

2582

1971

94416

16886

20592

-56939

Final product
Final product
Final product

10

4

17

11

16

45

78

107

20

141

62

183

Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product
Final product

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1456

869

5866

5279

712

497

3099

2884

6334

8392

5205

7263

794

371

723

300

187

115

130

57

4

30

21

47

2

7

5

10

45

47

164

166

Final product

0

0

0

0

Food processing machinery
Textile machinery
Paper and pulp industry machines
Printing machines; glass, plastics, and
semiconductor processing machinery
Guns and other firearms
Household appliances
Cooking appliances and storage water
heaters
Medical equipment
Measuring equipment
Optical equipment
Clocks and watches
Motor vehicles
Motor vehicle parts
Ships etc.
Locomotives, rail cars, etc
Aircrafts and parts thereof
Motorcycles
Invalid carriages
Other vehicles, not mechanically
propelled
Office furniture
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4.4.8
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SAE Sankey diagrams: expert opinion and optimization,
the problem of double counting while aggregating data

In order to be able to relate raw materials to intermediate materials and final products an
aggregation of commodities into a more limited number of commodity groups is
desirable. However, aggregation of flows is not a straightforward procedure as will be
discussed in this section.
The problem of double counting when aggregating data
Figure 4.4-3 represents the conceptual model of an SFA, in this case distinguished in
three stages of a material in a materials chain, i.e raw materials, intermediate materials
and final products. It is assumed that the inflow into a stage (box) is equal to the outflow
of a stage. Furthermore it is assumed that the apparent consumption (production +
import – export) of stage 1 is equal to the production in stage 2 plus possible losses
and/or accumulation in stage 1. Each box also has a balancing item.

Figure 4.4-3. Schematic overview of the critical material flows considered in this study.
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The balancing item represents the off balance of the flows for each of the stages (boxes).
There are several possible explanations why the flows might be off balance:
-

statistical differences between the stages due to data gaps and/or inconsistencies
losses (emissions, waste)
accumulation of critical materials into (temporary) stocks

When calculating the apparent consumption of intermediate materials from the
Europroms statistics one has to be aware that aggregation of production data might lead
to double-counting. This problem is particularly apparent for intermediate materials
because on the intermediate material level many items are defined which are partly
dependent, i.e. part of the same material-product chain. This is less or not the case on
the raw material and final product level.
The Europroms statistics contains a detailed list of goods, up to 4500. Many of these
defined goods refer to slightly different states of a specific material. For example
Europroms reports approximately 14 different states of copper as a finished material
produced by the sector “copper production” (Nace code 2744). The list of materials for
the sector “Manufacture of basic iron and steel and of ferro-alloys” (Nace code 2710) list
approximately 270 different types of iron and steel.
Aggregation of data to a higher, less detailed, level would be a solution, but is only
possible if the data are independent. For example if the production of goods defined in
the same 4 digit level are independent they can be aggregated to an overall production
on an aggregated level of a specific good, e.g. steel and goods made of steel (like tubes,
pipes, plates etc). However, it seems that within one 4 digit level the production of one
good may be input for the production of another good and so aggregation of apparent
consumption (=Production+Import-Export) will lead to double counting of the
consumption, that is more precisely double-counting of the production part.
For comprising balances of intermediate materials this is a serious problem. The data in
Europroms are not organized in such a way that there is a simple method to derive these
aggregated results from the present Europroms statistics.
A possible method would be to completely break down the intermediate materials stage
in separate materials balances. For this one needs to have a look at the descriptions of
the goods reported in the statistics and judge the likelihood of a good being used as an
input to another manufacturing process. However, based on the descriptions given in the
statistics this is a time consuming job and not always possible. And moreover, even if
one may assume that a specific good may be an input for the production of another good
than one still doesn't know to what extent the production of good A is input for the
production of good B.
Another possibility to calculate the apparent consumption of intermediate materials
would be to select independent5 materials on one level (e.g. either low degree of
fabrication, medium degree of fabrication or high degree of fabrication). Then the
apparent consumption can be calculated by the production of these materials from the
selected level plus the import of intermediate materials of all levels minus the export of
intermediate materials of all levels.
All in all, it seems that for the aggregation of commodities in the Europroms statistics
and the attribution of (aggregated) commodities to independent sub chains more
information is needed on the internal relationship between the commodities as reported
by Europroms. Note that in contrast to the production statistics, the trade statistics are
5

NOT belonging to the same sub chain
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independent and so for the aggregation of import and export figures there is no problem
of double counting.
A detailed elaboration of the relationships between intermediate materials is beyond the
scope of this SFA study in the DESIRE project.

4.4.9

SAE Sankey diagrams: allocation of flows to production
stages, a black box approach to avoid allocation

To explore the SFA of SAEs a bit further and so to find out whether or not the total chain
of materials is more or less in balance the problem of double counting is avoided by
considering the intermediate stage as a black box. This means that one only looks at the
flows crossing the system boundary and relations within the boundary are NOT described
and accounted for.
An example is elaborated for the chromium case only. Given the data at present available
this case is considered to be the case with the least uncertainties in estimates of the
concentration data (see section 4.4-5).
Table 4.4-3 shows the balances of the chromium SFA for EU27 in the year 2007 for the
three material stages.
The input into the intermediate stage is set equal to the apparent consumption of raw
materials. The apparent consumption of intermediate materials is defined as this input
(so the apparent consumption of raw materials) plus the import of all intermediate
materials minus the export of all intermediate materials.
The input into the final product stage is set equal to the apparent consumption of
intermediate materials. The apparent consumption of final products is defined as the
production of final products plus the import of all final products minus the export of all
final products.
The balance item is defined as the input (apparent consumption intermediate products)
of the final product stage and production of final products, if negative then there is a
balance deficit.
The balancing item represents the off balance of the flows for the total chain. There are
several possible explanations why the flows might be off balance:
-

statistical differences between the stages due to data gaps and/or inconsistencies
losses (emissions, waste)
accumulation of critical materials into (temporary) stocks

Table 4.4-3 shows that the balancing item is very large 3 million ton of chromium and
that there is a deficit. The deficit means that the amount of calculated apparent
consumption of chromium in intermediate materials is not enough to explain the amount
of chromium derived from the Europroms reported production of final products.
In the case of chromium in steel a possible explanation of the off balance might be the
input of chromium via secondary steel. In the Europroms statistics this input of scrap as
a raw material seems not to be taken into account. According to this balance this would
mean that 3 million ton of chromium enters the chain via secondary steel. Which means
that 65% of the total production of chromium containing final products is based on
secondary chromium. This amount is in line with the findings of Johnson et al. (2006)
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which state that the most significant form of chromium recycling is in the form of
stainless steel scrap, 40%-60% of the consumption coming from secondary sources.
Yet also for chromium another possible reason for off balances might be discrepancies in
flows because of the rather coarse assumptions which are made for the concentration of
chromium in the different commodities.
Based on the presently available data, assumptions and data handling the results for the
other SAEs, manganese, molybdenum and vanadium, clearly are erroneous. These errors
most likely are due to the coarse assumptions which are made regarding the
concentrations of the critical materials in the commodities. In case of manganese there
seems to be more input than actually necessary for the reported production of final
products. The case of molybdenum shows a balance deficit of 100%. However, unlike in
the case of chromium the missing input of secondary material cannot be the complete
explanation, because molybdenum recycling is about 25%-50% (Graedel et al., 2011).
Also the case of vanadium shows a balance deficit of 100%. However, unlike in the case
of chromium the missing input of secondary material cannot be the explanation, because
vanadium hardly is recycled, <1 % (Graedel et al., 2011). The results of the black box
approach for the other SAEs may be found in the spreadsheet accompanying this report
and which can be downloaded from the Desire website.
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Table 4.4-3 Chromium balances for EU27 in the year 2007 for the three material stages
Raw materials stage
Export
Import Production Apparent
consumption
Non-ferrous metal ores
30891
742255
45339
756703
Non-ferrous metal oxides and
hydroxides
Other non-ferrous metal compounds

6203

17902

82296

93995

706

21743

16431

37468

Other non-ferrous metals

11428

12383

16693

17648

SUM

49228

794283

160759

905814

Intermediate materials
stage
apparent consumption RAW

Input

Export

Import

Production

intermediate, medium

1971881

3714701

17288143

intermediate, high

2343901

1489278

4117215

4315782

5203979

aggregation
not allowed

Export

Import

Production

3201

30448

9994

radiators, boilers, furnaces
and ovens
small tools (knives,
screwdrivers) and firearms
saws, etc.
large machinery, electromechanical tools
Refridgerating and air
conditioning equipment
Bulldozers, Tractors and
other agricultural machines
Household and cooking
appliances
Medical, measuring and
optical equipment
Motor vehicles, motorcycles

35175

20052

226380

1799172

36987485

1194916

4155823

2558070

2956090

63179

21116

155706

2369350

9359

19673

25950

48416

103009

29951

45586

32764

40876

27564

331095

Ships, locomotives and
aircraft
Office furniture

121925

147948

100980

795

454

5335

8645396

39896498

5135942

905814

SUM

905814

balance deficit (raw)

0,0
Input

apparent consumption
intermediate
Leather final products

consumption

1794011

consumption

1794011

SUM

1794011

balance deficit (final)

3341931

36387044
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SAE Sankey diagrams: additional steps to take

In the SAE cases for chromium, manganese, molybdenum and vanadium two major
problems are encountered which make it not possible to compile Sankey diagrams out of
the Europroms statistics:
1. The data assumptions for concentrations apparently are too coarse and lead to
erroneous outcomes
2. At the moment there is not sufficient information available to aggregate
europroms commodities into commodity groups, while avoiding double counting,
and subsequently to attribute raw materials to intermediate materials and
intermediate materials to final products.
Therefore the present results of the SFAs for SAEs are considered to be very preliminary.
The first step to improve the SFAs is to gather additional information on the internal
relationship between the commodities as reported by Europroms. This is necessary to
avoid double counting when aggregating commodities and is also necessary for the
subsequent attribution step. This is particularly of importance for the intermediate
materials (see section 4.4-8).
The second step would then be a data reconciliation in which concentrations are
calibrated to make balances fit and report this transparently and if possible compare
these calibrated concentrations to concentrations given in literature.
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Waste and recycling indicators

In this section we report established recycling metrics for the critical metals studied and
discuss to what extent the general DESIRE waste and emissions efficiency indicators
apply to critical materials.

5.1

Established recycling metrics

Material recycling is a major strategy to lower resource consumption and energy
consumption in material production (Graedel et al. 2011; Johnson et al. 2008; Reck and
Graedel 2012). Despite clear incentives in favour of recycling, that actual level of
recycling can be quite low and waste flows to landfills rather high. This has several
reasons, and it is important to argue with a clear system definition in mind when talking
about recycling issues. We base our argumentation and data on the recycling metrics
defined by Graedel et al. (2011), which include three major element-specific statistics:
a) the end-of-life recovery rate (EoL-RR), which is the flow of scrap recovered for
functional recycling divided by the total flow of that element leaving use;
b) the recycled content (RC), which is the ratio of scrap flowing into the material
industries by the total inflow of this element (sum of material in ore plus scrap);
and
c) the old scrap ratio (OSR), which is the ratio of end-of-life scrap to total scrap
flows including fabrication scrap. Table 6-1 shows the estimated current recycling
statistics for the four steel alloying elements selected.

Table 6-1: End-of-life recovery rate, recycled content, and share of end-of-life scrap in
the total scrap flows for chromium, manganese, molybdenum, and vanadium. From
Graedel et al. (2011).
EoL-RR

RC

OSR

Cr

> 50%

10-25%

> 50%

Mn

> 50%

25-50%

25-50%

Mo

25-50%

25-50%

25-50%

V

<1%

---

---

Ta

<1%

10-25%

1-10%

In

<1%

25-50%

<1%

Nd

<1%

1-10%

---
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Whereas there is a well-developed recycling infrastructure for chromium, manganese,
and molybdenum with recovery rates of 50% and more, this is not the case for
vanadium, which at present is virtually not recycled, at least not within the same
function.

The EoL-RR, RC, and OSR parameters are recycling indicators that formalize the
previously often lax and intuitive understanding of recycling systems, by the use of an
explicit system definition. They were developed by a team of experts on recycling and
have since found widespread appraisal by the community.

5.2

The applicability of the DESIRE waste and emissions
indicators for critical materials

In addition to the established recycling efficiency indicators discussed and quantified in
section 6.1 above, we discuss to what extent the more general waste and emissions
efficiency indicators of the DESIRE framework are suitable for criticality assessment.
Several indicators, especially those related to emissions, do not apply to critical materials
and four remaining indicators were selected in Table xxx in section 1.2.1. We discuss
each of these in turn.

Waste intensity: This indicator measures the waste generated per Euro of output of a
process. Since the flows of critical materials are very small compared to the flow of bulk
materials, their waste flows can be expected to be much smaller than the flows of
construction, food and other bulk waste types and hence, they do not impact these
indicators. Metal-specific waste generation data are not available to us.

Recycling rates: This term is often not well defined and its use is therefore discouraged.
In the most common interpretation, ‘recycling rate’ refers to the end-of-life recovery rate
listed above in Table 6.1.

Total recycling amounts: ProdCom stats can be used together with the numbers in
Table 6-1. to estimate the flows of materials that are recycled.

Total waste generation: The waste flows of critical materials can be expected to be
much smaller than the flows of construction, food and other bulk waste types and hence,
they do not impact these macro indicators. Metal-specific waste generation data are not
available to us.
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Outlook: dynamic stock modelling and the link to the
WIO model

Dynamic stock models link current and historic consumption to future waste generation
(van der Voet et al. 2002). They allow us to build scenarios for future in-use stocks of
critical materials (Elshkaki and Graedel 2013) and to estimate potential levels of material
recycling by assuming different product lifetimes and end-of-life recovery rates. The work
on the material content of products presented here is a first step in that direction.
Dynamic stock models can be coupled to waste-I/O models to determine the economywide repercussions of material recycling (Nakamura et al. 2014; Kagawa et al. 2014).
With present models this is possible for bulk materials such as steel and aluminium, but
not for critical materials. The same arguments as discussed in section 2 apply here as
well. Proof-of-concept studies are available (Nakamura et al. 2008), but more sectorand country-specific data is required to make these estimates robust.
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6.

Discussion & Conclusions

6.1

Economy wide aggregated indicators and criticality

Economy wide aggregated indicators, as proposed in WP4.2, are not suitable for
monitoring the criticality problem.
Most of these indicators, especially those related to energy, water, land, carbon and
emissions, do not apply to the criticality problem of materials.
While the economy wide aggregated indicators related to the topics ‘materials’ and
‘waste’ as defined on a aggregated sector level are to coarse to signalize changes in the
criticality problem which is apparent on an industry level.
For this reason some (additional) indicators are proposed in WP6.1 specifically focused on
the problem of critical materials.

6.2

Use of IOA and SFA in criticality analysis

MR-SUTs and the derived MRIO models are NOT suitable tools for the quantification of
flows of critical materials and indicators for material criticality (chapter 2).
Amongst other reasons, this is mainly due to the highly aggregated level of information
in MR-SUTs and MRIO models.

For this reason it is proposed to use SFA and dynamic SFA modeling to determine resource efficiency
indicators for critical materials.

6.3

Methodological framework for compiling SFA data

A methodological framework is developed to derive cradle-to-gate SFAs from existing
Eurostat statistics, Europroms.
The framework is operationalized in a spreadsheet and tested for several selected critical
materials.
The first results look promising but still should be considered preliminary. Based on the
Europroms statistics and the applied assumptions for concentrations and allocation of
(aggregated) Europroms commodities to specific critical material applications there
appear to be off balances between the different stages of the material life cycle, raw
material, intermediate material and final product.
Several reasons can be mentioned which may cause these off balances. This issues will
need additional attention when compiling SFAs from Europroms statistics in the future,
like:
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Uncertainties about which commodities should be considered raw materials for
specific critical materials. This is particularly relevant for waste related flows which
are not clearly classified in Europroms, if monitored at all.
The Europroms statistics do not distinguish between primary and secondary
commodities. Or the items are difficult to classify as such.
The Europroms statistics seem to be poor in monitoring waste and scrap flows.
Uncertainties in applied concentration factors, particularly for raw materials. There
are probably large differences between (and also within) commodities like ores,
concentrates, residues etc.
Uncertainties in applied allocation factors. The detailed Europroms statistics still
sometimes are too aggregated to link to specific applications. A more detailed
literature survey on market share and/or component composition might give more
additional information.

For bulk materials, like steel, an additional problem is encountered which make it not
possible to compile Sankey diagrams out of the Europroms statistics. In the SAE cases
for chromium, manganese, molybdenum and vanadium additional information is
necessary to avoid double counting when aggregating and allocating commodities to
critical material applications.
The first step to improve the SFAs is to gather additional information on the internal
relationship between the commodities as reported by Europroms. This is necessary to
avoid double counting when aggregating commodities and is also necessary for the
subsequent attribution step. This is particularly of importance for the intermediate
materials (see section 4.4-8).
Finally, when off balances are minimalized after reconciliation of data and allocation
factors a calibration step still might be necessary to make balances fit. This calibration
step should be reported transparently and calibrated concentration and allocation factors
should, if possible, be confirmed with data from literature.

FP7 DESIRE - Development of a System of Indicators for a Resource efficient Europe

6.4

Page 102 of 117

Quantified SFAs and indicators for selected

Most of the indicators, as proposed in WP6.1, can be derived from the (cradle-to-gate)
SFA.
indicator

Ta

In

Nd

SAEs

unit

‘economic’ reserves
in the lithosphere(1)

>100000

?

(REE)130000000
(Nd) 8000000(4)

(Cr) > 480000,
(Mo) 11000000,
(Mn) 570000,
(V) 15000000.

tons CM

yearly extraction

na

na

na

see table 4.4-2

tons CM/yr

Losses (emission,
waste), rawintermediate
losses (emission,
waste),
intermediate-final
‘recycled content’(2)

assumed 0

185

assumed 0

not assessed

tons CM/yr

assumed 0

not assessed

tons CM/yr

-

-

-

-

critical material
composition per
product
Dissipative use
ratio(3)

table 4.1-4

table 4.2-4

table 4.3-4

section 4.4.5

ton CM
secondary/ton CM
primary and
secondary
gram CM/kg
product

-

-

-

-

assumed 0

tons CM use in
dissipative
applications / tons
CM use in
recoverable
products
tons CM/yr

Apparent
table 4.1-6 table 4.2-6 table 4.3-6
table 4.4-2
consumption, broken
down into import,
export and
production, by
material
?
Quantitative estimates of reserves are not available (USGS, 2014)
na
not applicable, because minerals are not extracted in EU27
(1)
USGS, 2014
(2)
Theoretically possible to derive. However, at this moment the Europroms statistics are not
sufficiently specific in the classification of the items, primary or secondary. Dynamic SFA stock and
waste modeling might be used to estimate the secondary flows.;
(3)
Theoretically possible to derive. However, additional labelling as "dissipative use" of materials
is necessary. This is not applied in this study.
(4)
http://en.wikipedia.org/wiki/Neodymium

Additionally subsequent dynamic SFA stock and waste modeling might be used to
estimate EoL-waste indicators and recycled material use. Timeseries of calculated
apparent consumptions as derived from the SFAs will serve as input.

6.5

Some novel insights on case basis

It is clear that the results presented in this study contain both expected and unexpected
elements, but the lack of quantitative data to check the outcomes shows that the supply
chain of many critical raw materials is not well enough understood still. An exercise like
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the one presented here generates valuable insights on the relevance of individual
products, or in the importance of product imports.
Tantalum
The overall apparent consumption of tantalum in Europe in final products is much larger
than expected based on the total global consumption of concentrates. In fact, the
European consumption is twice the global consumption of concentrates as reported by
the USGS. This may have two reasons, either this study used assumptions leading to a
too high estimate for the tantalum concentration in products, or it may indicate that the
real volume of tantalum consumed is much larger than reported, which is not unlikely,
given that tantalum is not traded on official spot markets and sourced from conflict
areas.
One of the items that stands out in our analysis is the large consumption of tantalum in
hard disks for storage of digital data. This is a category that has only been mentioned in
one of the qualitative studies (See table 4.1-1), and never as a crucial product. However,
the results in this study indicate that hard disks are responsible for 537t of tantalum,
when assuming a tantalum content based on a patent (Hitachi, 2007) and an X-ray
based composition analysis (Tunney et al., 2011) for consumer-type hard disks using a
perpendicular recording mechanism. Our study is the first to our knowledge to highlight
such a high importance of tantalum in hard disks, thus indicating a direction for further
research.
Another interesting finding is the relatively high importance of tantalum in artificial joints.
Though the assumption on tantalum concentration for this product category is based on a
selection of medical materials in a single source (Zardiackas et al. 2006), so insights may
be improved given further research, the fact that Europe would have a relatively high
demand for prosthetic devices seems plausible given the high occurrence of hip-and knee
replacement surgery (OECD, 2011) and the prominent demographic ageing trends
(Walker, 2014).
Indium
Far more indium seems to be mined together with zinc ore than necessary to fulfil the
present demand of indium in products.
The loss of indium between production of indium (during mining, smelting and refining)
and application in (semi)products (particularly spattering) is about 90% (183t out of 200t
apparent consumption). So much of the refined indium does not end up in products.
The amount of indium available in final products consumed in the EU27 in 2007 was
about 15t (see table 4.2-6b TVs and other final products). These figures indicate that the
largest potential of recovery of indium is available in wastes from raw material production
and not in the recovery of discarded end-of-life products.
As expected from literature sources the application of indium in LCD screens is most
dominant.
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Neodymium
A comparison of absolute numbers shows that in 2008 (the closest reference year), the
global consumption of Nd3O2 was 23,900 tonnes, amounting to 22,227 tonnes of pure
Nd. In this study, the consumption of Neodymium in final products is 9,473 tonnes. Since
this would amount to about 43% of world consumption, it seems an overestimation was
made of the concentration data or market shares of Neodymium products. On average
for all REOs, the EU-27 accounts for less than 8% of world consumption (Polinares,
2012).
However, because not much detailed studies are made on the supply chain of critical
materials also the consumption of neodymium in previous studies might be
underestimated.
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8.1

Appendix: Eurostat statistics on production and trade

8.1.1

Extractions of Critical material (ores and concentrates)

The USGS compiles time series data of extraction of minerals all over the world.
According to these statistics in Europe there are no Critical material resources from which
Critical material is extracted.
Source: USGS data, commodity summaries
http://minerals.usgs.gov/minerals/pubs/commodity/

8.1.2

Trade of Critical material containing materials and
products

The EUROSTAT trade statistics database, ComExt, contains detailed Import and Export
data for separate reporting countries in the EU27, different partners of trade in the Rest
of the World (RoW) and different years. The data are available for the indicators “Value in
Euros”, “Quantity in 100 kg” and “Supplementary Quantity”.
Different classifications for commodities in trade statistics are available. The classification
of the Combined Nomenclature seems to be most detailed. In the statistics of the
Combined Nomenclature different Critical material containing raw materials can be traced
back.
Source: EUROSTAT, Traditional international trade database (ComExt)
http://epp.eurostat.ec.europa.eu/portal/page/portal/international_trade/introduction

8.1.3

Production of Critical material containing materials and
products

The EUROSTAT production statistics database, Prodcom, contains detailed data for
separate reporting countries in the EU27 and different years. Prodcom provides statistics
on the production of manufactured goods. The data are available for the indicators Value
in Euros and Physical Quantity expressed in different units (kg, m, m2, m3, pieces). The
term comes from the French "PRODuction COMmunautaire" (Community Production).
Prodcom uses the product codes specified on the Prodcom List, which contains about
3900 different types of manufactured products.


Products are identified by an 8-digit code:

-

the first four digits are the classification of the producing enterprise given by the
Statistical Classification of Economic Activities in the European Community (NACE)
and the first six correspond to the CPA

-

the remaining digits specify the product in more detail
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Most product codes correspond to one or more Combined Nomenclature (CN)
codes, but some (mostly industrial services) do not

For the compilation of the SFA for Critical material the PRODCOM classification
“PRODCOM code 2007, NACEV1.1” is used. (in the EXIOBASE NACEV1.1 for classification
of sectors is used) The production data are based on the annually SOLD data, i.e. the
production sold outside the company.
Source: EUROSTAT, Production statistics by product database (Prodcom)
http://epp.eurostat.ec.europa.eu/portal/page/portal/prodcom/introduction
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