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Critical material indicators  

Calculated indicators based on SFA  

Method, databases  and results   

with ca se studies for Tantalum , Indium , Neodymium , 

Chromium, Manganese, Molybdenum, Vanadium  
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1.  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  

construct ion of  the indicator set. This approach will use a single data set that allows for 

consistent construction of re source 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 now -

casted 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 (óBeyound GDP and Value addedô, WP8). 

c)  explicitly address the problem of indicator proliferation and limits in available data 

that have a óstatistical stampô. Via scientific analysis we will select the smallest set 

of indica tors 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,  link ing the indicators  to Input Output analysis  the calculation of the 

indi cators 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 indicato rs.   

(b) Collecting data on those materials. Statistical data will be the first source. Additional 

information will be required: (1) data regarding the ma terial 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 indicator s and revising this set if appropriate.   
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As proposed  in  WP6.1  the indi cators  for critical materials are:  

For the e xtraction 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 p roduction phase & product demand  

-  Development of the critical mater ial 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 u se - 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 generatio n ratioôs  

-  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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2.  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 u se 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 flow -

based resource efficiency indicators. The theory is ready, but is the data good enou gh 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 ócritical materialô 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, o r 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 m etal 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 m ethodological 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 mone tary 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 s tructure 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 stock s, 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 indicato rs 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 i nformation 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 m aterials 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 m aterial (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 societyôs 

metabolism. Due to price inhomogeneitie s 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 sm aller 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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2.2  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 

ver sion of a mature family of MRSUTs (Wood et al. 2014) , the mixed unit CREEA MR -SUT 

(hSUT, which stands for óhybridô or mixed unit SUT) is the first of its kind (Merciai et a l. 

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 t he 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 f ound 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 hSU T 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 th at 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 lar ger 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 moneta ry 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 modelôs capability to track metal 

flows. Aggregation involved the different types of coa l, 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 Nak amura 

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 su pplying 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 ce ntral 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 re asons, 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 ófirst order estimatesô (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 monet ary 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 exp lanations 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 in troduced 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 transaction s 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 ñdownstreamò coupling 

coefficients (the coupling matrix of technical coefficients óbackground to foregroundô) can 

therefore not be estimated accurately, and the results fabricated by using pro - rated 

coupling coefficients ma y 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 physica l 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 b e robust and cover a policy - relevant section 

of the industry. For critical materials, these tw o 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 ind icators 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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3.  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 material -

containing ores, materials and products  (see figure 3-1 ñproduction and trade statisticsò) . 

Secondly, a review of critical material  concentrations in those products  is performed (see 

figure 3-1 ñproduct compositionò) . Combining these data and performing some additional 

data processing steps  yie lds 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 

ñSankey diagramò).  

Next, t he 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 scop e of 

this report is the compilation of the Sankey diagram. So t his report will stop at step 11.  
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Figure 3 - 1.  Overview of methodological steps in this study and the sections describing 

them.  

 

Practical demarcation of the SFA for this c ritical material case study  

The scope of this SFA case st udy on c ritical material s is for practical reason delimited to 

the regions ñEU27ò  and ñRoW ò and the year ñ2007ò. 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) . 

 

1. Draft a list of relevant products 2. Get trade & production data (Europroms) 

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

4. unit conversion (Eurostat data trade stats) 

5. Review product  compositions 6. Combine weight & composition into flows 

7. Disaggregate flows (BGS) 

9. Allocation of flows to production stages 

Information inputs Data flow See section: 

10. Visualisation of Sankey diagram 

11. Review of product lifetimes 

13. Visualisation of waste profiles 

8. Expert opinion + optimization 

12. Apply Weibull distributions 
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3.1  Production and trade statistics: I dentifying critical 
material  containing materials and products  

 

The first step that has to be taken is to identify w hich materials and products  are 

relevant for the particular critical material th at 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 ; UNE P, 2010 , Polinare s, 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, 2014 a).  

Case by case, f inally 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  

 

I n 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 (Euro stat, 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 

ñPRODCOM code 2007, NACEV1.1ò1 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 app ropriate 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 expe rtise is necessary to interpret  in which final products particular 

intermediate materials are applied.  

In many  cases the identified products a re represented by multiple items in the available 

data. For example, the automotive category is represented by a selection of data on 12 

passenge r 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,an d 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.  

 

3.3  Production and trade statistics: F illing 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 a ssumed that the European price i s 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 t his case study  no 

attempts have been made to gather data from other sources  than Eurostat Europroms 

statistics.  

 

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.  
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3.4  Production and trade statistics: Unit conversion  

 

In the fourth  step, the units are  harmonized, so that all Europr oms production and trade 

data  are  expressed in kilograms. Roughly half of the data in the database p rovides  

information on products in  physical units, like  pieces , volume (m 3), area (m 2) or length 

(m) . If available, the average weight as provided by (Eurostat, 201 0) was used for the 

conversion .  

Because these general unit conversion factors were not available for a ll 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 judgment s. 

These case specific factors had to be compiled case by ca se. Howev er, 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 

http://epp.eurostat.ec.europa.eu/newxtweb/downloadobject.do?keepsessionkey=true&filenameOut=NOTA%20BENE%20FOR%20INTRASTAT%20NET%20MASS%20SINCE%202006.zip&mimeType=application/zip&objectID=632&objectType=LOB&disposition=attachment
http://epp.eurostat.ec.europa.eu/newxtweb/downloadobject.do?keepsessionkey=true&filenameOut=NOTA%20BENE%20FOR%20INTRASTAT%20NET%20MASS%20SINCE%202006.zip&mimeType=application/zip&objectID=632&objectType=LOB&disposition=attachment
http://epp.eurostat.ec.europa.eu/newxtweb/downloadobject.do?keepsessionkey=true&filenameOut=NOTA%20BENE%20FOR%20INTRASTAT%20NET%20MASS%20SINCE%202006.zip&mimeType=application/zip&objectID=632&objectType=LOB&disposition=attachment
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3.5  Product composition: Critical material  content of 
materials and products  

 

Given the list of kilograms of products imported, exporte d and produced, the next step i s 

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 sem i-product (e.g. semi -conductor, LCD monitor), while the amount of semi -

product 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 ñTantalum  containing semiconductorsò, it only 

provides the sold volumes of various semiconductors (diodes , transistors and others). If 

one  find s information on the composition of Tantalum  containing sem iconductors, one 

need s to als o 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, ñcentral storage unitsò 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 assumpti on has to be made  to determine the fraction 

of the subcomponent in the product  to  which the avai lable concentration data apply .  

So the sixth step is about allocation of Europroms statistics to the items for which 

concentration data are specified for the c ritical 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 ident ified 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 th e 

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) rela ted 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 

produc ts. 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 

di saggregate & 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 

combinat ion 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 mate rials are attributed to specific final products. The actual amount of 

(raw) materials allocated to the specified applications is performed in the next step  

ñallocationò. 
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3.9  Sankey diagram: Allocation of flows to production 
stages  

 

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 . Furthermo re it is assumed that the apparent consumption (production 

+ import ï 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 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). 

Ther e 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 inconsisten cies  t he 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 ba lancing 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 spe cific assumptions, sources 

and r esults  

 

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 p roduct descriptions that can be linked to a concrete product and a source on 

their Tantalum  concentration a re used in this study, as can be seen in Table 4.1 -1. That 

means that in some cases, for examp le for broad categories like ótools and machineryô 

and the various products with ócorrosion resistant surfacesô, we did not include the 

products listed in the qualitative studies, simply because the description is too vague to 

determine which fraction of t hese tools, valves, tanks and so on actually contain 

Tantalum  and how much.  

Some other products a re 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 & diag nostic 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 óbuilt-inô use of navigational devices).  

Altogether, this list of products co vers 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 r aw 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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Figure 4.1 - 1 .  Tantalum  containing (raw) materials, components (intermediate  

materials) and End -products  

  

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

Tantalum Carbide (TaCx) Cutting tools

Tantalum ingots

3,9 wt.%

Harddisks
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Prosthetic devices

High-temp. furnace parts
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Mobile phones
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Laptops
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Desktop PCs

0.142 wt.% Ta (Oguchi)

Video cameras
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Photo cameras
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Medical appliances
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Wave filters
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TVs
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DVD players
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Source: BGS, 2011
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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 

applications  

Prosthetic devices (hip joints, skull 

plates, mesh, clips, stents)  

Yes, as one 

category  

hearing aids & pacemakers  Yes, separately  

Capacitors  capacitors  Yes 

Cutting tools  cutting tools  Yes 

Aerospace and avionics 

applications  

jet engine discs, rocket nozzles  Yes, as Aerospace  

Aircraft turbines  Aerospace/gas turbines  Yes, as Aerospace  

Furnace parts  High temperature furnace parts  Yes, as Furnaces  

Tantalum  carbides   Yes 

Glass (high refractive/low 

scattering)  

Lenses for spectacles, digital cameras 

and mobile phones  

Yes, as Vision 

correction lenses 

& Other lenses  

Surface acoustic wave 

filters  

surface acoustic wave filters  Yes 

X- rays diagnostic 

equipment  

X- ray film  No, no 

information  

Catalysts   No, too vague  

Ingots   Yes 

Tools & Machinery   No, too vague  

Micro -electronics for 

engine management  

Automotive ABS, airbag activation, 

engine management modules, GPS  

Yes, as 

Automotive  

Micro -electronics in safety 

& military equipment  

Military explosive missiles  No, no 

information  

Corrosion resistant 

surfaces  

lining, cladding, water tanks, valves, 

screws, nuts, bolts  

No, too vague  

 laptop computers, mobile phones, 

digital cameras (video & still)  

Yes, separately  

 DVD players  Yes 

 mobile phone signal masts, oil well 

probes  

No, no 

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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4.1.3  Identified d ata gaps in the Europroms statistics  and filling 

in the data gaps  

 

Trade vs p roduction statistics, estimates based on price s 

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 de rived. These prices are used to  estimate  the  trade statistics.  

 

Other ga ps be tween identified list and E uroproms 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 
 

EXP_VALUE 
(euro) 

IMP_QUANTITY 
 

IMP_VALUE 
(euro) 

PROD_QUANT 
 

PROD_VALUE 
(euro) 

UNIT Price 
(euro/unit) 

Furnace burners for solid fuel or gas 
(including combination burners) 

29211150 761017,6 290137960 46651,96066 17786060 1600000 610000000 p/st 381,25 

Non-electric furnaces and ovens for the 
roasting, melting or other heat-treatment 
of ores, pyrites or of metals 

29211230 2053,326785 180065380 183,3014346 16074520 7420 650692880 p/st 87694,46 

Parts for furnace burners for liquid fuel, 
ŜǘŎΧ 

29211430 0 263813890 0 49198200 0 400000000 : no 
production 

Fixed tantalum capacitors 32101230 3678514222 165533140 2012822000 90576990 8000000000 360000000 p/st 0,05 

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) 

33101839 0 203496370 0 165442570 0 262123188 : no 
production 

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

33201155 5052899,953 513137140 7241794,46 735425940 30000000 3046589947 p/st 101,55 

Instruments and appliances for navigation 
(including for marine or river navigation) 
(excluding for aeronautical or space 
navigation, compasses) 

33201159 440479,6203 244211840 243604,7503 135059970 1564245 867252722 p/st 554,42 

Parts and accessories for direction finding 
compasses and other navigational 
instruments and appliances 

33208110 0 285365710 0 273872890 0 1200000000 : no 
production 

Mounted piezo-electric crystals (including 
quartz, oscillator and resonators) 

32105270 140006220,2 269718000 236700749,6 455997260 123868054 238628282 p/st 1,93 

Semiconductor diodes 32105125 9857595257 455284050 13157082618 607674560 9724918419 449156222 p/st 0,05 

Semiconductor small signal transistors 
with a dissipation rate < 1 W 

32105155 33082963237 218653010 23843841139 157589500 14000000000 92529261 p/st 0,01 

Semiconductor power transistors with a 
dissipation rate >= 1 W 

32105157 4041788611 602233510 4982248676 742363690 7071321027 1053639092 p/st 0,15 

Semiconductor thyristors, diacs and triacs 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 light-
emitting diodes) 

32105250 3874817375 776316780 894753208,4 179263140 3590049111 719263670 p/st 0,20 
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4.1.4  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 judgment s. These Tantalum  specific factors had to be compile d 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  

weight 

(kg/unit)  

Source  Comments  

Furnaces  

 

3000  

 

(C.S.Aerotherm pvt. 

ltd., 2014) & (Wisconsin 

oven, 2014)  

Supplier specification of 

large walk - in type ovens.  

Capacitors (fixed 

Ta)  

 

0.00014  

 

(Ecoinvent, 2007) & 

(Guvendik, 2014)  

Average of tantalum  

capacitor weight found in 

two sources  

Artificial joints  0.175  (Beamont Orthopedics, 

2014)  

Rough estimate (óone or 

two poundsô) 

GPS  0.0195  (Recreation GPS 

Review, 2014)  

Average of 10  products, 

based on commercial 

specifications   

Surface Acoustic 

Wave filters  

3.7E -05  (Epcos, 2010)  Company data sheet  

Semiconductors  0.00031  (Ecoinvent, 2007 )  Average of SMD - type 

diode & transistor  

 

4.1.5  Tantalum  concentrations in (subcomponents of) materials 
and products  

Sin ce 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 w as 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  

Concentration  
(kg Ta/kg 
product)  

Source of 
concentration data  

Assumptions  

concentrates  0.00211456  

 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.  

articles  1  Assuming tantalum  articles are 100% tantalum  

carbides  6.794E -05  

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.        

capacitors  0.367  (Ecoinvent, 2007)   

HDD 0.019  

(Tunney et al., 2011), 
(Hitachi, 2007)  

Assuming a 10,5% weight of the data platter (Yan 
et al, 2013). And an average tantalum  content of 
the (perpendicular recording) platter according to 

the two sources.  

Artificial joints  0.175  
(Zardiackas et al. 

2006)  
Based on new medical alloys discussed in  source  

camera lenses  0.046  (Kodak, 1939 )  

vision correction 
lenses  0.00184  

 assuming 2% market share for glass lenses 
(myeyeware2go.com), assuming Kodak glass 

(same as ócamera lensesô , see below).  

other lenses  0.00184   Same as vision correction lenses  

Mobile phones  0.00041  

(Christian et al., 2012) 
& (Oguchi, 2011 )   

Average of 39 phones in two studies (additionally 
assuming 130 grams/phone based on (GSM 

Association, 2006).  

Laptop PCs  0.00103  (Oguchi, 2011 ) The values here, given by the study by Oguchi only 
describes the tantalum  content in the printed 

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.     Desktop PCs  0.00088  

(Oguchi, 2011 ) 

Cameras  0.00142  

(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.  

hearing aid  0.04667  

 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 ) 

pacemakers  0.0186  

 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).  

GPS 0.0029  (Philips, 2009)   

DVD players  0.00001078  (Oguchi, 2011 )  

furnaces  6.2E -05  (JRC, 2013 )  

carbide tools  0.0007966  

 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.  

TVs 0.0008    

Automotive 
(vehicles)  5.8E -06  

(Cullbrand & 
Magnusson, 2011 ) 

 

Wavefilters  0.3305  Epcos, 2010   

Semiconductors  0.286  

(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)  

http://www.parlament.gv.at/PAKT/EU/XXV/EU/01/66/EU_16681/imfname_10448325.pdf
http://www.freepatentsonline.com/2241249.pdf
http://www.sciencedirect.com/science/article/pii/S0956053X11002510
http://www.sciencedirect.com/science/article/pii/S0956053X11002510
http://www.sciencedirect.com/science/article/pii/S0956053X11002510
http://www.sciencedirect.com/science/article/pii/S0956053X11002510
http://bestengineeringprojects.com/electronics-projects/hearing-aid/
http://bestengineeringprojects.com/electronics-projects/hearing-aid/
http://www.sciencedirect.com/science/article/pii/S0956053X11002510
http://setis.ec.europa.eu/publications/jrc-setis-reports/jrc-report-critical-metals-energy-sector
http://publications.lib.chalmers.se/records/fulltext/162842.pdf
http://publications.lib.chalmers.se/records/fulltext/162842.pdf
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4.1.6  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 fo r 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 appli ed to link product weights and 

Tantalum  concentrations  

Prodcom Product name  Prodcom code  Applied 

fraction  

Assumption  

Central storage units  30021730  0.112  assuming 5 disks in a 

single central storage 

unit of the given weight 

of 5,65 kg  

Hard and floppy disk drives  30021757  0.268  Given the estimates of 

(Coughlin, 2006 ), this 

represents the market -

share of harddisks using 

perpendicular recording 

by 2007.  

Instruments and appliances 

for aeronautical or space 

navigation (excluding 

compasses)  

33201155  0.00157  Due to the high mass of 

products in this category, 

the factor a djusts the 

tantalum   concentration 

assuming the 

functionality, and thus 

the tantalum  content, of 

a single GPS device.  

Semiconductor diodes, 

small transistors, thyristors, 

diacs, triacs & other devices  

32105120, 

32105125,  

32105155, 

32105157,  

32105170, 

321 05250  

0.01  1% of semiconductors 

contains tantalum , 

authors assumption  

 

  

http://www.tomcoughlin.com/Techpapers/PMR%20and%20Other%20New%20Technologies%20Drive%20Capital%20Spending,%20120706.pdf
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Table 4.1 - 6.  Tantalum  relevant products & their trade and production flows (expressed 

in tons tanta lum ) for Europe in 2007 according to (Eurostat, 2014).  

 

 

Product name  Product 
stage  

Export  Import  Production  Apparent 
Consumption  

Concentrates  Raw 

material  

149  6247  205  6303  

Carbides  Raw 
material  

3 12  37  45  

Articles  Raw 

material  

345  493  254  401  

wave filters  Sub -
component  

14  24  13  23  

Semiconductors  Sub -

component  

46  39  32  25  

other lenses  Sub -
component  

3 6 5 8 

camera lenses  Sub -
component  

21  151  16  147  

HDD Sub -
component  

129  713  15  599  

Capacitors  Sub -
component  

183  100  398  315  

Cameras  Final 
product  

16  196  5 185  

TVs Final 
product  

25  57  195  226  

DVD players  Final 

product  

0.1  2.2  0.3  2 

Artificial joints  Final 
product  

53  61  184  192  

hearing aid  Final 
product  

7 12  13  19  

pacemakers  Final 
product  

1 2 3 4 

GPS Final 

product  

0.3  0.4  2 2 

vision correction 
lenses  

Final 
product  

3 18  12  27  

Mobile phones  Final 

product  

122  213  216  307  

passenger cars  Final 

product  

7 16  90  98  

public transport 

vehicles  

Final 

product  

0.5  0.1  0.3  0 

freight vehicles  Final 
product  

4 3 26  24  

carbide tools  Final 
product  

54  78  79  103  

furnaces  Final 
product  

6 1 15  9 

Laptop PCs  Final 
product  

21  149  61  189  

Desktop PCs  Final 
product  

138  123  209  195  
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4.1.7  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 ñcritical material 

articlesò 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 algorit hm 

(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 oxi des are allocated 

over lenses and acoustic wave filters. The full set of applied conditions and outcomes of 

the opti mization 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  
(Raw Material 
apparent  
consumpti on)  

To  
(Sub - component 
production)  

Percentage 
(Outcome of 
optimization)  

Fulfills production? 
(supply/ demand)  

Tantalum  carbides  Carbide Tools (F)  100%  100% by assumption  

Tantalum  metal  

Artificial joints (F)  92%  100%  

HDDs  8%  100%  

Tantalum  oxide  

Vision correction lenses 
(F)  

35%  210%  

Camera lenses  54%  245%  

Other lenses (F)  9%  143%  

Wave filters  2%  114%  

Tantalum  powder  Capacitors  100%  100%  

Tantalum  ingots  
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 discuss ed in the text.  

 Capa  
citors  

Semi -
conductors  

Wave 
filters  

Hard disk 
(given by 
Coughlin, 
2013 )  

Camera 
lens  

High - temp . 
alloys  

Fulfills 
production
? 

Mobile 
phones  

13%  39.4%  8%     24%  

Cameras  1.5%  0.15%    100%   100% (of Ta 
in camera 
bodies)  

Desktop PCs  17%  2.3%   34%    26%  

Laptop PCs  11% 
(min. 
10% by 
condition
)  

49%  0.06%  39%    79%  

External 
HDD  

   19%    <balancing 
factor>  

Central 
storage  

   8%    241%  

DVD Players  0.09%  0.001%      99%  

GPS devices  1%   1%     99%  

TVs  19%  0.9%  82%     31%  

Hearing aid  8%   2%     90%  

Pacemaker  3%       97%  

Vehicles  19%  2.5%  5%     86%  

Furnaces       65%  100%  

Aerospace       35%  100%  

 

http://www.tomcoughlin.com/Techpapers/hmtnewsletter0213,%20020513.pdf
http://www.tomcoughlin.com/Techpapers/hmtnewsletter0213,%20020513.pdf
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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 st eps 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 sub -

components. Table 4.1 - 7 & 4.1 -8 describe how w ell the demand is fulfilled in the right -

most column.  

 

4.1.10  Tantalum  Sankey diagram: vis ualization  

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 -compo nents (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 lower -

right 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 óextractionô refers to óproduction of raw materialô (like 

ores, concentrates, article s includi ng 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), w hich is 295 tonnes in 

our analysis and corresponds quite well with the observation of ( Polinares, 2012) , who 

states that this  is ñbetween 250 and 300 t tantalum  per yearò. The overall apparent 

consumption of tantalum  in Europe in final products, however, i s 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 lead ing 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 
























































































































































