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SUMMARY 

This is a prescriptive document containing the guidelines and the “ready-to-apply” 

methodology for updating the list of critical raw materials for the EU. 

These synthetized guidelines integrate the methodolological improvements identified by 

the European Commission, Directorate General Joint Research Centre (JRC), in the project 

“ASSESSMENT OF THE METHODOLOGY ON THE LIST OF CRITICAL RAW MATERIALS” run on 

behalf of, and in co-operation with, Directorate General GROWTH in close consultation 

with the European Innovation Partnership (EIP) on Raw Materials.  These guidelines are to 

be implemented by consultants in the context of the revision of the list of Critical Raw 

Materials (CRM) for the EU. 

The full methodology, including justification and discussion, can be found in the 

Background report and related Annexes. 

In this document, fully-worked examples for three selected raw materials, Lithium, Indium 

and Tungsten, reported as Annexes, illustrate the “impact of the revisions” and provide 

further guidance for implementation.  It should be noted that all examples are for 

illustrative purposes.  While effort has been made to demonstrate good data to be used 

and the feasibility of updates, the values provided must not be considered as final nor fully 

optimised. 

These guidelines are a tool to be used for calculation of the economic importance and 

supply risk associated to raw materials, as well as recommendations on how to re-organise 

and improve the single raw materials factsheets, which are considered an integrated and 

fundamental component of the EU criticality assessment. 

These guidelines are a final draft that may be updated during the implementation phase.  

The final guidelines will be published along with the new list of CRMs in 2017. 
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1. POTENTIAL CONSEQUENCE - ECONOMIC IMPORTANCE 

1.1. Calculation of Economic Importance 

I. Scope: Raw Material (RM) uses in the EU’s manufacturing industry (reference period 

is an average of the data of the last 5 years, e.g. 2010-2015 or latest available 5 years). 

II. Approach. We propose to calculate the potential consequences associated with a 
potential supply disruption in terms of the economic importance (EI) that can be 
attributed to a certain raw material (RM) in six steps, as follows:  
Step 1: Identification of RM uses and their corresponding shares; 

Step 2: Allocation of end uses to the corresponding industrial sectors, defined by NACE 
Rev. 2 classification. As a general approach, we focused the allocation on the RM primary 
uses in manufacturing sectors. Sectoral allocation of the identified RM uses at NACE 
level is facilitated by the use of PRODCOM and 5-/6-digit CPA categories (where possible) 
and of statistical correspondence between CPA, NACE 3-/4-digit and NACE 2-digit 
provided by Eurostat. That means first identifying end uses at CPA level and/or NACE 3-
/4-digit, and then allocating end uses to at NACE 4-, 3- or 2-digit level (the worked 
examples in the Annex). The allocation of end uses to the CPA categories is not a purpose 
in itself, but it is used to facilitate a precise allocation of end uses to the NACE sectors; 

Step 3: calculation of substitution indexes related to the economic importance 
component (SIEI) for the RM uses identified at Step 1; 

Step 4: Compilation of sectorial value added (VA) data for the NACE Rev. 2 sectors 
identified at point iii). While in the examples provided in Annex we use 2-digit NACE 
sectors due to data availability reason, we suggest  to use the value added at further 
diaggregated sectors (e.g. NACE 3- or 4- digit; most data is provided by Eurostat’s 
Structural Bussiness Statistics); 

Step 5: Calculating the EI score by multiplication of RM end uses shares by industrial 
sectors’ VA and by substitution indexes; 

Step 6: Scaling the result. 

III. Data sources for each of the six calculation steps.  

The selection of best quality data sources to be used should be done according to 

recommendations included in the full background report (separate report). 

Step 1: In the worked examples provided in Annex, we used “Study on Critical Raw 

Materials at EU Level” and the related critical and non-critical raw materials profiles 

(hereafter “2013 criticality studies”1) for identifying the RM uses and USGS Commodity 

Statistics and Information for data on the current shares of RM on global markets2; 

Step 2: First, we identified the primary uses in manufacturing industry, leaving aside 

their subsequent uses. Then, for allocating the RM uses to the corresponding industrial 

sectors, we propose using Eurostat’s NACE Rev. 2, CPA and PRODCOM classifications and 

the correspondence tables between them, i.e. Eurostat’s PRODCOM List 20133,, where: 

- 4-digit codes stand for NACE sectors; 

                                                

1 “Study on Critical Raw Materials at EU Level”, “Critical Materials Profiles” and “Non-Critical Materials Profiles”, published on 
DG GROW’s website: http://ec.europa.eu/growth/sectors/raw-materials/specific-interest/critical/index_en.htm  

2 http://minerals.usgs.gov/minerals/pubs/commodity/  
3 
http://ec.europa.eu/eurostat/ramon/nomenclatures/index.cfm?TargetUrl=LST_NOM_DTL&StrNom=PRD_2013&StrLanguageCode
=EN&IntPcKey=&StrLayoutCode=HIERARCHIC  
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- 6-digit codes stand for CPA classes; 

- 8-digit codes stand for PRODCOM’s product codes; 

Lowest possible NACE digit level should be used (4 or better, where possible) 

Step 3: Substitution indexes of RM uses. For the worked examples we used the 

substitution indexes reported in the Annex; 

Step 4: For data on VA (i.e. the indicator Value added at factor cost), we used Eurostat’s 

Structural Business Statistics data, Annual detailed enterprise statistics for industry 

(NACE Rev. 2, B-E) (sbs_na_ind_r2)4; 

Step 5: For calculating the economic importance score, the updated shares of end uses 

(%) are multiplied by VA of NACE 2-digit sectors and substitution indexes (see relevant 

tables in Annex); 

Step 6: As the final EImax value can be determined only after calculating the Economic 

Importance score for all raw materials, we provisionally used as EImax the highest value 

of VA.  

IV. Calculation flow. 

The EI formula is as follows:  

�� = ∑ (�� ∗ 	�� ) ∗ ��EI 
where:  

- EI is economic importance  

- As is the share of end use of a raw material in a NACE Rev. 2 2-digit level sector;  

- Qs is the NACE Rev. 2 2-digit level sector’s VA;  

- SIEI is the substitution index (SI) of a RM (to be used in economic importance) 

- s denotes sector 

V. Worked examples: Lithium, Indium and Tungsten (see Annexes).  

 

                                                

4 http://ec.europa.eu/eurostat/web/structural-business-statistics/data/database  
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1.2. Calculation of Substitution Index and use in criticality assessement 

In the revised methodology for criticality assessment, the availability of substitutes is 

considered to reduce the potential consequences in the case of a potential supply 

disruption of a given raw material. This is to be incorporated therefore in the economic 

importance (EI) dimension (see background report for justification). Nevertheless, given 

that the availability of substitutes could also, to some extent, mitigate the risk of supply 

disruptions (SR), it is recommended to also consider substitution in the estimation of 

the risk (see dedicated section in Supply Risk). 

As the scope of this assessment focuses on the current situation, substitution accounts 

only for proven substitutes that are readily-available today (snapshot) and that would 

subsequently reduce the consequences of a disruption and/or influence the risk of a 

disruption.  Henceforth, only substitution, and not substitutability or potential future 

substitution opportunities, is therefore considered in the revised methodology. 

Guidelines to estimate the substitution index (SI): 

Starting from the current situation (snapshot), a structured approach is used to estimate 

the substitution indexes (SI) to be included in the EI (SIEI) and SR (SISR) components when 

assessing the criticality of a given material.  

A common part for both SIEI and SISR is to determine: 

• the readily available substitutes on the market (snapshot) 

• the extent by which these substitutes contribute to the final SI (or their shares) 

Commercial information and published patents are used to identify only proven 

substitute alternatives readily available and applicable at the market today. Examples 

for the three materials – Indium, Lithium and Tungsten - are given in the Annex. 

The individual contribution of each available substitute material in the final SI is done in 

two steps: 

Step 1: identifying the end-use application’s shares of the candidate material (the same 

shares should be used also in the calculation of the EI) 

Example how to search for available substitutes: the following key words can be used to do a first search: 

name of the materials to be substituted + end-use application + substitution / alternatives / replacement. 

Further, more specific keywords can be used for each application, e.g. if the material to be substituted is 

used as a coating, the name 'coating' can be added to the search. 

If no information can be found on the internet, the same combination of keywords can be used in the freely 

available patents databases, such as Espacenet, EPO, OECD patent databases etc. 

Step 2: determining the 'sub-shares' of the substitute materials within one end-use 

application. In case information on the sub-shares is known or can be deduced from the 

commercial sources, the exact sub-shares are used in the calculations. 

Example 1: information is available for the end-use application labelled “batteries”, where Aluminium, 

Nickel, Zinc, Lead and Sodium can substitute for Lithium (Source: SignumBox 2015).  
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Example 2: it is known that 4% of Tungsten is used for incandescent lamps. The product “Wires” belongs 

to 'mill products' end-use application of Tungsten with a share of 14%. Therefore, the substitute 

materials for incadesent tungsten wires namely Germanium, Silicon, Gallium, Indium, Europium, Terbium 

and Yttrium (LED technology as a substitution possibility), are each participating with a very marginal 

share of  ≈ 0.3% in the final calculations. This is also an example of a product/technology for 

product/technology substitution. 

Example 3: Indium can be substituted with Tin (Fluorine doped Tin Oxide - FTO) or Zinc (Aluminium doped 

Zinc Oxide - AZO) in flat panel displays application. However, this is scarcely done due to reduced 

performance of the displays. Therefore, it is assumed that only 10% of the produced displays are using 

Tin or Zinc and 90% still employ Indium, i.e. practically non substituted in this end-use application. 

If the sub-shares of the different substitutes within one end-use application are not 

known, the following approach is adopted: it is assumed that the candidate material is 

still used (not substituted) in 50% of the cases; the other 50% is divided equally between 

the existing substitutes. 

Example 1: it is assumed that half of the 8% of Indium used in solar components is not substitutable, i.e. 

50%*8% = 4%. The other half of the 8% Indium is substitutable by Silicon and Zinc both of the contributing 

with 2% to the final SI.  

Example 2: Titanium, Silicon, Zirconium and Aluminium are viable substitutes of tungsten in hardmetals 

(cemented carbides) application with 60% share of Tungsten usage.  In the calculations, 12.5% is 

assumed for each of the substitutes (50% divided equally by 4 substitutes) and 50% for Tungsten within 

the hardmetals application. The final contributions of the different substitute materials will be thus as 

following:  Titanium (7.5%), Silicon (7.5%), Zirconium (7.5%), Aluminium (7.5%) and Tungsten (30%). 

The final share by which a substitute is contributing to the final SI is determined 

therefore by multiplying the end-use application share and the sub-share of the 

substitute within each given end-use application. These final shares are then used in the 

calculation of the SI within both EI and SR of a candidate material. 

Examples regarding the commercial substitutes and shares for Indium, Lithium and 

Tungsten are given in the Annex. 

 

Highlight: Approach to substitution in the revised methodology 

Substitution is dependent on several factors and influences essentially both  economic 

importance and supply risk: 

1. Knowledge of existing substitutes (only readily-available substitutes) 

2. Technical performance (e.g. very unlikely a tantalum capacitor would be subsituted 

with an aluminium capacitor because a mobile phone would weigh 1kg) 

3. Cost performance (costs usually drive decisions in business) 

4. Substitute production (are substitutes produced in sufficient quantities to be available 

for newly introduced end-uses?) 

5. Substitute criticality (is the proposed substitute already a CRM according to the 2014 

EU list?) 

6. Substitute by-production (if the proposed substitute is mainly obtained as a by- or co-

product, its availability might be at risk). 
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In the revised methodology elements influencing substitution are subdivided as follows: 

- Substitution calculation within EI component (SIEI):  

  Substitute Cost-Performance (SCP) 

- Substitution calculation within SR component (SISR): 

  Substitute Production (SP) 

  Substitute Criticality (SC) 

  Substitute Co-Production (SCo) 
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Substitution calculation within EI component (SIEI) 

The following elements are used for the calculation of the Substitution index in the 

Economic importance dimension (SIEI). 

• Substitute material performance - in terms of technical performance and 

functionality 

• Substitute material cost - in terms of cost comparison between substitute and 

candidate material 

Rationale: the market decision to adopt a substitute material is taken on the basis of its 

cost and the technical performance/ functionality it offers. 

The Substitute performance and Substitute cost are incorporated in one single 

parameter called Substitute Cost Performance (SCP). 

To calculate the SCP parameter, the following evaluation matrix (Table 1) is proposed: 

Table 1 Substitute Cost Performance (SCP) evaluation matrix (based on current costs) 

 Performance: 

similar 

Performance: 

reduced 

Performance 

in case of 

no substitute 

Cost:  very high 

( more than 2 times) 
0.9 1 1 

Cost: slightly higher (up to 2 times) 0.8 0.9 1 

Cost: similar or lower 0.7 0.8 1 

 

This matrix is to be applied for each substitute material. Maximum 30% reduction of the 

Economic Importance (EI) is assumed if all substitute materials offer similar performance 

at similar cost, which would be the ideal case. If all substitute materials offer reduced 

performance at very high cost (more than 2 times) it is unlikely that they would be 

adopted by the market eventhough available. Therefore, in this case no reduction of the 

EI is anticipated.  

Further, the addition of the SCP parameters assigned to each substitute material 

multiplied by the sub-share of each substite, and in turn to the share of the end-use 

application, is used to determine the SIEI for a given candidate material: 

�� = ∑ (���� 	 ∗ 	���-������ 	 ∗ 	������)�  

 

Example SCP values for the various substitutes are given in the Annex for the three 

studied materials. 
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2. SUPPLY RISK 

 

Remark: The starting point for calculating the supply risk is the same methodology as 
used in 2013. A few updates are inserted and further development of the structure is 
adopted, as outlined in the following paragraphs. 

Reference period: average of the data of the last 5 years, e.g. 2010-2015 or latest 
available 5 years. 

SR = (HHIWGI-t ) ⋅⋅⋅⋅ (1-EoLRIR)⋅⋅⋅⋅ SISR* 
* this is a streamlined formula used to guide the reader, a comprehensive 
formula is provided in the next section 

Parameters: 

SR = Supply Risk 

HHI = Herfindahl-Hirschman Index (used as a proxy for country concentration) 

WGI = scaled World Governance Index (used as a proxy for country governance) 

t = trade adjustment (of WGI) 

EOLRIR = End-of-Life Recycling Input Rate 

SISR = Substitution Index related to supply risk 

Procedure: 

HHIWGI remains the backbone for the estimation of the risk, as in the 2010 and 2014 
EC reports. 

A structured and guided procedure for the selection of the data and their consistent 
use is outlined. 

- HHIWGI is calculated and used twice in the equation, once using Global Suppliers 
mix data (HHIWGI)GS and once using the mix of the Actual Suppliers to EU 
(HHIWGI)EU-sourcing (i.e. the actual sourcing of the supply to the EU) 

- Import Reliance (IR) is used to combine and balance the supply risk calculated on 
global supply and the risk based on actual sourcing. 

- trade (t) is used to correct HHIWGI both for the Global Suppliers Mix and EU-
sourcing. 

-EOLRIR is used in the SR formula as a filter to mitigate the risk. EOLRIR takes into 
account only the contribution from recycling with the lowest risk (only from old 
scrap, taking place in the EU). 
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2.1. Import dependency and its use in connection with Global suppliers 

mix, Actual sourcing and Supply chain approach 

In the previous criticality studies run on behalf of the EC, the supply risk was estimated 
based on the mix of Global supplier countries only. 

In the revised methodology, in order to calculate a more representative measure of the 
risk for the EU, the global suppliers mix is used in combination with the actual supply to 
the EU, i.e. the mix of domestic production plus import, which reflects the actual 
sourcing of the supply to the EU (EU-sourcing). Two examples are reported in Fig. 1a-b 
to clarify the difference between global supply and actual EU sourcing. 

    

Figure 1a: Example: Global Supply of magnesite (left) and actual EU sourcing (right). 

Figure 1b: Example: Global Supply of tungsten (left) and actual EU sourcing (right). 

 

The selected parameter to balance the two measures of the risk, i.e. the one based on 
Global Supply and the one based on the actual sourcing, is the Import Reliance (IR): 

Import Reliance (IR) = Net Import / Apparent Consumption; 

Apparent consumption = domestic production + Import – Export. 

In the revised methodology, when IR is 100%, the risk is the average of the two 
measures, i.e. 50% based on global supply and 50% based on actual EU sourcing. 
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In the few cases where the EU is independent from imports (or almost), the global supply 
mix is disregarded and the risk is entirely calculated based on the actual sourcing. 

The revised methodology is summarised by the comprehensive formula: 

�� = �(���� !)�� ∙ �# + (���� !)�%�&��'�() *+ − �# -. ∙ (+ − �&/��) ∙ ��� 

The above formula and underlying approach are to be systematically adopted, except 
for cases where the data are not available, or not of sufficiently high quality. 

Example: in the case of Gallium (IR=0) or Indium (IR=100) the calculation of supply risk is likely to remain 

based on global production capacities, unless sufficiently high quality data are found. 

Deviations must be reported and duly justified in the raw materials factsheets. 

Supply risk of the most critical point in the supply chain (Bottlenecks): for the 
calculation of the risk, it is recommended to consider the weakest point in the supply 
chain, i.e. the stage with highest supply concentration. A scan of the value chain is 
required. In principle the stage in the value chain to be assessed for the purpose of the 
criticality assessment shall be the mining / harvesting stage, unless there are duly 
documented arguments to make the assessment at another stage such as the refining 
stage. 

For the proposed methodological improvement, the following data are necessary: 

- Global supply 

- Import / Export to/from EU28 

The above data must be combined to obtain IR and the actual sourcing. 

We recommend to always report the above data (absolute and %) in the single raw 
materials factsheets. 

Only in case the above data are available and of sufficiently high-quality the proposed 
methodology can be applied (weighted average of risk calculated on global supply and 
actual supply to EU28). 

Data unavailability and/or low quality might suggest to estimate the risk based on global 
supply only (previous methodology) or production capacity (specific cases e.g. Indium). 

Simulations of the impact of the revised methodology are reported in annex. For better 
comparison with the 2013 EC study, the old methodology is applied, i.e. the risk is 
calculated using Recycling and Substitution as filters. 2010 data are used, as well. 

Remark: a correction factor for trade barriers and agreements (t) is to be calculated to 
aggiust the Supply risk (see next paragraph). 
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2.2. WGI, weighted with export restrictions and International trade 

agreements 

For quantifying the trade contribution to increasing/diminishing the supply risk, a 
separate trade-related variable “t”, which stands for “trade”, should be elaborated as 
follows. 

I. Reference period: 2010 – 2015 

All countries which introduced export restrictions (i.e. export taxes, physical quotas and 
export prohibitions) on raw materials (RM) at least once in the reference period 2010 – 
2015 are taken into account in the construction of “t” variable. Even though restrictions 
were modified or eliminated, or they are applied for just 1 year out of 5 during the 
reference period, they are taken into account in the calculations5.  

II. Scope: Ores & concentrates to be used as default scope. In case a bottleneck (i.e. 

the most critical point in the supply chain) is identified elsewhere in the supply chain, 

scope is to be adjusted subsequently, e.g. refining instead of mining (or equivalent for 

biotics). 

III. Approach. Supply risk to the EU can increase because of restrictions imposed on 
exports of a certain raw material. In the particular case of export taxes (details in the 
Box, below), it decreases by concluding free trade agreements (FTA) with the supplying 
countries. Thus, by constructing a parameter “t”, the impact of both export restrictions 
and trade agreements is accounted for using a modifier in the calculation of supply risk. 

IV. EU bilateral agreements. As far as trade agreements are concerned, they are only 

taken into account as supply risk mitigating effect in case of export taxes. In particular, 

only bilateral trade agreements concluded by the EU with the RM supplying countries 

(listed in the Table below) are assumed to have a risk mitigation effect. When in force, 

the supply risk of the concerned country goes back to the level as if no export tax was 

applied to the RM.   

 

EU preferential trade agreements in force, out of which: 

Customs 

Union 

EEA Bilateral or regional agreements Economic Partnership Agreements 

(EPA) 

Andorra, 

Monaco, 

San Marino, 

Turkey 

Iceland, 

Lichtenstein, 

Norway 

Albania, Algeria, Bosnia-Herzegovina, 

Chile, Columbia, Costa Rica, Ecuador, 

Egypt, El Salvador, Faroe Islands, Iraq, 

Israel, Jordan, Lebanon, Macedonia, 

Mexico, Montenegro, Morocco, 

Nicaragua, Occupied Palestinian 

Territory, Panama, Peru, Serbia, Syria, 

Tunisia, South Africa, South Korea, 

Switzerland 

 

Antigua, Bahamas, Barbados, Barbuda, 

Belize, Cameroun, Dominica, 

Dominican Republic, Fiji, Guatemala, 

Grenada, Guyana, Haiti, Honduras, 

Jamaica, Madagascar, Mauritius, Papua 

New Guinea, Seychelles, St. Kitts and 

Nevis, St. Lucia,  St. Vincent and the 

Grenadines, Suriname, Trinidad and 

Tobago, Zimbabwe 

Source: DG Trade, Overview of trade agreements,  

http://ec.europa.eu/trade/policy/countries-and-regions/agreements/  

                                                

5 Other options such as averaging over the last 5 years or using the latest available year might be considered 
during implementation, depending on data availability and interactions with EC services and / or 
AHWG 
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Note: the risk mitigating effect of the bilateral FTA of a certain RM might be conditional 

on the concerned RM’s coverage by the provisions on export duty in the agreement. 

Thus, the mitigation effect of the bilateral trade agreements concluded with the country 

i supplying a certain RM might need further investigation on a case by case basis. 

Highlight: Links between export restrictions and EU bilateral trade agreements (FTA)  

One important observation is the link that exists between export taxes and the 

mitigating impact of EU bilateral trade agreements. 

There are 3 possible cases: 

1) In case a country does not apply export tax, then there is no impact so no adjustment 

needed as the risk is comparable to EU internal market. 

In case a country applies an export tax, there is an increased supply risk, which is: 

2) Either mitigated for the EU by a bilateral agreement (subject that the raw material 

concerned is covered by the provision on export duty in the agreement) – then the 

supply risk goes back to the level as if no export duty was applied. 

3) Or not mitigated on absence of a trade agreement – then the supply risk remains 

higher as defined in the previous point.  

The case of export quotas remains a separate element of supply risk as our FTA cannot 

guarantee their removal.  Mirroring the legal provisions of the WTO, our FTAs make 

reference to the GATT exceptions that may be invoked to justify their use (even though 

their use is in principle ruled out). Trading partners may use these exceptions and only 

long WTO dispute settlement proceedings may eventually end up in the removal of the 

quotas. Therefore, for all practical reasons, impact of quotas cannot be mitigated by the 

existence of an FTA.  

In summary, there are two distinct trade parameters: one for export taxes (in two steps, 

yes/no, and if yes including the FTA mitigating factor) and one for export quotas (without 

mitigating factor). 

 

V. Calculation of t. HHIWGI is to be adjusted by a parameter t to HHIWGI-t, which takes into 

account the contribution of trade to the supply risk, based on export restrictions’ 

estimated impact (i.e., proportionally, by type). Restrictions can be export taxes, 

physical export quotas and export prohibitions. Licensing requirements are left aside 

due to the difficulty of quantifying them. 

Assumptions:  

i) The mitigation effect of bilateral Trade Agreements is only considered in case of co-
existence with Export taxes (see box). 
ii) EU is considered as a single trade block, thus reflecting free trade inside the EU (i.e. 
equivalent to lower risk). A factor t = 0.8 is automatically assigned to the EU countries.   
iii) For a certain RM, when a country does not impose any export restriction, and there 
is no trade agreement in force, t = 1 (i.e. HHIWGI remains unchanged; no influence of 
trade on it).    
iv) The maximal theoretical value of t is 2. 
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Variable t is constructed as follows:  

t = (ETTA or EQ or EP) 

where:  

- t is the trade-related variable; 

- ETTA stands for export tax imposed (%), eventually mitigated by trade agreement (TA) 

in force; 

- EQ is the export physical quota imposed (physical units, e.g. tonnes); 

- EP is the export prohibition introduced for a certain RM;  

. 

Export taxes contribution to the increased suppply risk:  

ET = 1 + 0.10 (0≤ ET≤25%)      

      = 1 + 0.20 (25 < ET≤75%)      

     = 1 + 0.30 (ET > 75%)      

Export quotas contribution to the increased suppply risk: 

EQ = 1 + (country i production of a certain RM - physical quota imposed)/total world 

production)  

Export prohibition represents an extreme version of export quota (i.e. quota = 0). 

When there is more than one restriction, the highest score will be retained6.  

 

Variable t is to be used for adjusting HHIWGI for Global Supplier country concentration 

and EU28 actual sourcing country concentration, as follows:  

(HHIWGI-t)GS or EUsourcing= ∑ (�0)123�00  * tc 

where: 

- Sc is the share of country c in the global supply (or EUsourcing) of the raw material 

considered;  

- WGIc is the rescaled score in the World Governance Indicators of country c;  

Export restrictions types (source: OECD’s Inventory of Restrictions on Exports of Raw 

Materials) 

VI. Data sources:  

i) For export restrictions: OECD's Inventory of Restrictions on Exports of Raw Materials,  

http://qdd.oecd.org/subject.aspx?Subject=ExportRestrictions_IndustrialRawMaterials 

ii) For EU bilateral trade agreement: DG Trade, Overview of trade agreements,  
http://ec.europa.eu/trade/policy/countries-and-regions/agreements/  
 

VII. Worked example: Indium, Lithium and Tungsten in Annex 

 

                                                

6 Other options such as averaging over the last 5 years or using the latest available year might be considered 
during implementation, depending on data availability and interactions with EC services and / or 
AHWG 
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2.3. Secondary raw materials (Recycling) 

Recycling is accounted for as ‘the ratio of recycling from old scrap to European supply of 

raw material’ and referred to as ‘end of life recycling input rate (EOL-RIR)’. 

EOL-RIR is used as a mitigation factor that can lower the risk of supply.   It is estimated 

based on primary supply only (HHI and WGI). The underlying rationale, already adopted in 

the 2010 and 2013 EC criticality studies, is that the portion of the EU supply of raw materials 

that is generated via recycling of end-of-life products is more secure than other sources of 

supply (e.g. primary supply from mining/harvesting, or from imported scrap / secondary 

raw materials). Bearing that in mind, even though recycling is not riskless in terms of supply, 

for the purpose of the assessment it is considered that the recycling parameter EOL-RIR 

identifies a flow of supply with significantly lower risk, which can be therefore subtracted 

from the overall supply to the EU when calculating the risk. 

EOL-RIR shall be estimated using the following steps (in order of priority): 

a) Use the Raw Material System Analysis (MSA) data, when available. In such cases, the 

system boundaries include ‘processing’ and ‘manufacture’, and recycling is calculated by 

applying the following formula: 

�45 − 6�6 = 789:;	<=	�>0<8?@AB	C@;>AD@E	;<	FG	[=A<C	<E?	�0A@9]
789:;	<=	9ADC@AB	C@;>AD@E	;<	FG	J	789:;	<=	�>0<8?@AB	C@;>AD@E	;<	FG	  

Where each of the items in the equation can be calculated using the following MSA 

flows: 

B.1.1. Production of primary material as main product in EU sent to processing in EU; 

B.1.2. Production of primary material as by product in EU sent to manufacturing in EU; 

C.1.2 Exports from EU of processed material;  

C.1.3 Imports to EU of primary material;  

C.1.4. Import to the EU of secondary materials; 

D.1.3 Imports to EU of processed material; 

G.1.1 Production of secondary material from post-consumer functional recycling in EU 

sent to processing in EU; 

G.1.2 Production of secondary material from post-consumer functional recycling in EU 

sent to manufacture in EU. 

Figure 2 illustrates flows of material inputs and outputs to be considered for the 

calculation of the ‘end of life recycling input rate (EOL-RIR)’. The first part of the figure 

represents the life cycle stages of a raw material in the rest of world (ROW) while the 

life cycle stages of a raw material in Europe are represented by the brown boxes. The 

system boundary is represented in pink dashes. The colour code of the flows is the same 

as that one used in the MSA study. Flows included for the ‘end of life recycling input 

rate’ calculations are represented in green (primary material), yellow (processed 

material), and purple (secondary material). 

 



 

 

 

Based on Fig.2, EoLRIR should be calculated with the following formula: 

�45 − 6�6 = �. +. + + �. +. #
L. +. + + L. +. # + �. +. M + N. +. M + �. +. O + �. +. + + �. +. # 

 

 

 

 

Figure 2: Flow diagram extracted from the MSA study for the calculation of EoLRIR (coloured 

flows to be used).  
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b) When data from the Raw Material System Analysis (MSA) is not available use the 

UNEP’s report ‘recycling rate of metals’. 

UNEP global recycling data are used as a proxy of the fraction of secondary material 

generated in EU if no MSA data are available. UNEP definitions of old scrap ratio (OSR) 

and recycled content (RC) could be used to estimate the ‘end of life recycling input rate’ 

as defined by the EC criticality methodology, this means including only the contribution 

of old scrap to the total production of a material. Figure 3 illustrates the system 

boundaries and flows taken into account for estimating the OSR and RC.  

 

 

Figure 3: System boundaries and flows to estimate diverse recycling indicators for a metal 

life cycle by UNEP. Modified from (Graedel, Allwood et al. 2011).  

 

‘End of life recycling input rate’ values can be deducted from UNEP equations as 

following: 

4�6 = 789:;	<=	�>0<8?@AB	C@;>AD@E	(<8EB	<E?	�0A@9)
P<;@E	<=	�>0<8?@AB	C@;>AD@E	(8>Q	@8?	<E?	�0A@9�) =

(R)
(R)J(S)                    (Eq. 2) 

 

6T = 789:;	<=	�>0<8?@AB	C@;>AD@E	(8>Q	@8?	<E?	�0A@9�)
789:;	<=	9ADC@AB	C@;>AD@E	J	789:;	<=	�>0<8?@AB	C@;.(8>Q	@8?	<E?	�0A@9�) =

(U)J(C)
(U)J(C)J(@)	 (Eq. 3) 

 

Given the fact that: 

�VWXYZ[\]	^[_V\`[a	(YVb	[YZ	XaZ	cW\[d) = (e) + (^) = (f) + (g)                     (Eq. 4) 

 

�45 − 6�6 = 4�6 h 6T = 789:;	<=	�>0<8?@AB	C@;>AD@E	(<8EB	<E?	�0A@9)
789:;	<=	9ADC@AB	C@;.J	789:;	�>0.C@;.(8>Q	@8?	<E?	�0A@9�) (Eq. 5) 

 



 

 

 

c) When MSA and UNEP data are not available, we recommend to use recycling rates 

from the previous EC criticality report, or sectorial reports and expert judgement. 

For some materials, recycling figures might be available in sectorial reports, or might 

also be provided by expert judgement. In such cases, a detailed justification about the 

use of other sources than MSA study and UNEP shall be given. Such justification shall 

include information about the system boundaries and flows accounted for the EOL-RIR 

calculations; description about to number of end-uses accounted for; and detail if EOL-

RIR refers to the complete recycling stage or partially to pre-processing and end-

processing stages. 

 

A Table is reported in the Annexes to show the values for End of life recycling input rate 

calculated according to the diverse sources. 



 

 

2.4. Substitution and its role in the Supply Risk (SISR) 

As presented in section 1.2, substitution is dependent on factors such as the price and 

performance of the substitute. The existence of available substitutes could influence supply 

risk inherent in the current supply mix of the candidate material and is therefore included in 

the supply risk calculation. Considerations related to reducing the risk of supply disruptions in 

the short-term (through readily available substitutes), is important to business within the EU. 

 

Highlight: Approach to substitution in the revised methodology 

Substitution is dependent on several factors and influences both with economic importance 

and supply risk: 

1. Knowledge of existing substitutes (only readily-available substitutes) 

2. Technical performance (e.g. very unlikely a tantalum capacitor would be subsituted with an 

aluminium capacitor because a mobile phone would weigh 1kg) 

3. Cost performance (costs usually drive decisions in business) 

4. Substitute production (are substitutes produced in sufficient quatities to be available for 

newly introduced end-uses?) 

5. Substitute criticality (is the proposed substitute already a CRM according to the 2014 list)  

6. Substitute by-production (if the proposed substitute is mainly obtained as a by- or co-

product, its availability might be at risk) 

 

In the revised methodology elements influencing substitution are subdivided as follows: 

- Substitution calculation within EI component (SIEI):  

  Substitute Cost-Performance (SCP) 

- Substitution calculation within SR component (SISR): 

  Substitute Production (SP) 

  Substitute Criticality (SC) 

  Substitute Co-Production (SCo) 

 

 

Therefore, the potential risk for a substitute of not being physiscally available in the required 

quantitites should be evaluated. If a substitute material is already highly demanded by other 

technologies/ sectors and therefore being critical per se or it is only co-produced with other 

materials and therefore augmentation of production in the immediate term can be strongly 

constrained – this has to be taken into account when assessing the physical availability of the 

substitute.  In addition, the global production volume of the substitute material against the 

candidate material might be an issue of concern. If the market size of the candidate material 

is much larger than the one of the substitute, it will be unrealistic, though not impossible, to 

expect significant substitution practices to be implemented in the immediate term due to the 

likely scarce availability of the the substitute. 
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This availability of substitutes on the market is captured via three other parameters - 

substitute production, criticality, and co-production:  

• Substitute Production (SP) – in terms of global production data 

• Substitute Criticality (SCr) – takes into account whether the substitute is a CRM 

• Substitute Co-production (SCo) – takes into account whether the substitute is primary 

product or mined as co-/by-prodyct.  

Substitute Production (SP) assessment 

The following streamlined approach has been adopted to assess the Substitute Production 

(SP): the market size (global production data) of the main material is compared to that of the 

substitute material. The rationale is that if a material with high annual production of e.g. 

hundred thousands of tonnes has to be substituted by a material with limited annual 

production (e.g. hundreds of tonnes) then it is very unlikely that substitution will take place, 

at least not on a large scale, due to the physical scarcity of the substitute material.  

Therefore, the following approach is adopted for the SP: 

• SP = 0.8 if the annual global production of the substitute material is higher than that 

of the candidate material 

• SP = 1 if the annual global production of the substitute material is similar or lower than 

that of the candidate material 

In other words, only substitutes that are available in sufficient quantities in terms of annual 

production can contribute to reduction of SR of the candidate material. Substitutes produced 

in limited quatitites, not enough to cope with the additional demand for the candidate 

material, will not effect SR. 

Substitute Criticality (SCr) assessment 

It is important to assess the criticality of the substitute itself. If a substitute material is critical 

per se, it might not be readily available as a substitute option.  

SCr is assigned for each substitute material according to the system below: 

Substitute Citicality (SCr) scoring Rationale 

Critical = 1 If the substitute material is critical this material should 

not contribute to the reduction of the SR of the 

candidate material in the context of criticality factor 

Not critical = 0.8 If the substitute material is not critical this material 

contributes  to the reduction of the SR of the candidate 

material in the context of criticality factor 

No substitute available = 1 If no substitute material is available no reduction of the 

SR should be expected. 
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A substitute material is deemed critical if it is flagged as such in the latest EU list. If the 

assessed substitute was not screened in the previous exercise, it is assumed that it is not 

critical, thus SCr = 0.8. 

Substitute Co- production (SCo) assessment 

Co-/By-production is an additional consideration that for certain materialssuch as REE could 

be a significant constraint on the immediate supply of these materials. Co-production 

dynamics is considered also in the criticality methodologies of USA (US Critical Materials 

Institute) as one of the risk factors, as well as Japan (JOGMEC) in the supply risk component.  

A more elaborated approach could be developed to account for this co-dependency in the 

future revision of the methodology. However, for the present methodology a simple approach 

is suggested to cope with this matter – presented in the table below: 

Substitute Co-production (SCo) 

scoring 

Rationale 

By-product and/or co-product = 1 If the substitute material is mined only as by-product 

or co-product - no reduction of te SR is assumed 

Primary material = 0.8 If the substitute material is mined as primary material 

– up to 20% reduction of the SR is assumed 

Primary product + by-product & 

co-product = 0.9 

If the substitute material is mined as primary material, 

but in some cases also as by-/co-product (e.g. the case 

of Mo) - up to 10% reduction of the SR is assumed 

No substitute available = 1 If no substitute material is available no reduction of 

the SR is assumed 

 

 

SISR Calculation 

By using the scoring proposed above, only substitutes which show relatively large production, 

are not critical and are not mined as co-products can contribute to the SR reduction of the 

candidate material.  

The geometric averages of the three parameters - SP, SCr ans SCo - assigned to each substitute 

material, multiplied by the sub-share of each substitute, and to the share of the end-use, is 

used to determine the SISR of the candidate material: 

��� 	= 	i[(��� ∗ 	���� ∗ 	��&�)+/M
�

∗ ���-������ ∗ ������	] 

 

The SP, SCr and SCo parameters are to be determined for each substitute material. 

Example values for the three materials – Indium, Lithiun and Tungsten – are presented in the 

Annex. 
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The following Substitution indexes are calculated for Indium, Lithiun and Tungsten following 

the described procedure: 

 

Raw Material 

SIEI 

(to be used in the calculation 
of economic importance) 

SISR 

(to be used in the calculation 
of the supply risk) 

Lithium 0.92 0.93 

Indium 0.95 0.97 

Tungsten 0.91 0.92 
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3. ANNEXES (WORKED EXAMPLES) 

1. Fully worked examples for Lithium, Indium and Tungsten 

 

 
 

- 2010 data extracted from the CRM 2013 report were used; 

- Revised methodology was applied for all aspects except for the calculation of the economic 

importance (scaling not possible at the present stage); 

- New substitution indexes were used for both the supply risk and the economic importance 

(EI2013 x SIR); 
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2. Calculation flow for Lithium’s economic importance  

 Application / 
Primary use 

Share 
(%) 

2-digit NACE sector         VA            
(mil.Euro, 
2013) 

Share * VA 

Ceramics and glass  20% 23, Manufacture of other 
non-metallic mineral 
products 

59,314.10 11,862.82 

Batteries  40% 27, Manufacture of electrical 
equipment  

84,856.30 33,942.52 

Lubricating grease  13% 20, Manufacture of 
chemicals and chemical 
products  

109,753.20 14,267.92 

Continuous casting  7% 24, Manufacture of basic 
metals  

57,152.20 4,000.65 

Gas and air treatment  4% 28, Manufacture of 
machinery and equipment 
n.e.c.  

191,750.10 7,670.00 

Synthetic rubbers and 
plastics 

3% 20, Manufacture of 
chemicals and chemical 
products 

109,753.20 3,292.59 

Aluminium smelting  1% 24, Manufacture of basic 
metals 

57,152.20 571.52 

Pharmaceuticals  3% 21, Manufacture of basic 
pharmaceutical products and 
pharmaceutical preparations) 

81,211.40 2,436.34 

Other  9% NA NA NA 

Total   100%   78,044.37 

Li SIEI 0.92 

Lithium score, unscaled = 78044.37 * 0.92 = 71,800.82 

EImax (provisional value) 191,750.10 

Lithium score, scaled (provisional) = 71800.82/191750.10 0.3744 

EI (provisional) = 0.3744 * 10 3.744 
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3. Detailed allocation of Lithium end uses to the corresponding NACE sectors and CPA 
categories (Step 3) 

Application / 
Primary use 

Share 2-digit NACE REV. 
2 sector 

Detailed  NACE REV.2 
sector 

(3- and 4-digit) 

Corresponding CPA categories 

Ceramics and 
glass  

20% 23, Manufacture of 
other non-metallic 
mineral products 

23.10, Manufacture of glass 
and glass products   
23.40, Manufacture of other 
porcelain and ceramic 
products                   23.41, 
Manufacture of ceramic 
household and ornamental 
articles      

23.31.10, Ceramic tiles and flags         

Batteries  40% 27, Manufacture of 
electrical 
equipment  

27.2, Manufacture of 
batteries and accumulators 

27.20.11, Primary cells and primary 
batteries                                                 
27.20.23, Nickel-cadmium, nickel 
metal hydride, lithium-ion, lithium 
polymer, nickel-iron  and other 
electric accumulators  

Lubricating 
grease  

13% 20, Manufacture of 
chemicals and 
chemical products  

20.59, Manufacture of other 
chemical products n.e.c. 

20.59.41, Lubricating preparations 

Continuous 
casting  

7% 24, Manufacture of 
basic metals 

24.5, Casting of metals to be identified  

Gas and air 
treatment  

4%  28, Manufacture of 
machinery and 
equipment n.e.c. 

28.25, Manufacture of non-
domestic cooling and 
ventilation equipment 

28.25.30, Parts of refrigeration and 
freezing equipment and heat pumps 
28.25.14 : Machinery and apparatus 
for filtering or purifying gases n.e.c. 

Synthetic 
rubbers and 
plastics 

3% 20, Manufacture of 
chemicals and 
chemical products  

20.1, Manufacture of basic 
chemicals, fertilisers and 
nitrogen compounds, 
plastics and synthetic 
rubber in primary forms 

20.17.10, Synthetic rubber in 
primary forms 

Aluminium 
smelting  

1% 24, Manufacture of 
basic metals 

24.42, Aluminium 
production 

24.42.11, Aluminium, unwrought 

Pharmaceuticals  3% 21, Manufacture of 
basic 
pharmaceutical 
products and 
pharmaceutical 
preparations 

21.1, Manufacture of basic 
pharmaceutical products 

to be identified  

Other  9% NA NA NA 
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4. Calculation flow for Indium’s economic importance 

Application / 
primary use Share 2-digit NACE sector      VA (2012) Share * VA 

Flat panel displays  70% 26, Manufacture of computer, 
electronic and optical 
products 

73,811.30 51,667.91 

Opto-electronic 
windows 

9% 27, Manufacture of electrical 
equipment 

85,211.40 7,669.03 

Semiconductors 4% 26, Manufacture of computer, 
electronic and optical 
products 

73,811.30 2,952.45 

Solar components 8% 26, Manufacture of computer, 
electronic and optical 
products 

73,811.30 5,904.90 

Low melting point 
alloys 

9% 24, Manufacture of basic 
metals 

60,000.00 5,400.00 

Total 100%   73,594.29 
In SIEI  0.95 
In score, unscaled = 73594.29 * 0.95 = 69,914.57 
EImax (provisional value) 191,750.10 
In score, scaled (provisional) = 69914.57 / 191750.10 0.3646 
EI In (provisional) = 0.3646 * 10 3.646 
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5. Detailed allocation of Indium’s end uses to the corresponding NACE sectors and CPA 
categories (Step 3) 

End 
use/Application 

Share  2-digit NACE 
REV. 2 sector   

Detailed  NACE 
REV.2 sector (3- 
and 4-digit) 

Corresponding CPA categories 

Flat panel 
displays  

70% 26, Manufacture 
of computer, 
electronic and 
optical products 

26.40, Manufacture 
of consumer 
electronics;  26.20, 
Manufacture of 
computers and 
peripheral 
equipment 

26.40.34, Monitors and projectors, not 
incorporating television reception apparatus and 
not principally used in an automatic data 
processing system;                                                                                      
26.20.17, Monitors and projectors, principally 
used in an automatic data processing system 

Opto-electronic 
windows 

9% 27, Manufacture 
of electrical 
equipment 

27.90, Manufacture 
of other electrical 
equipment 

27.90.20, Indicator panels with liquid crystal 
devices or light-emitting diodes; electric sound or 
visual signalling apparatus 

Semiconductors 4% 26, Manufacture 
of computer, 
electronic and 
optical products 

26.11, Manufacture 
of electronic 
components 

26.11.22, Semiconductor devices; light-emitting 
diodes; mounted piezo-electric crystals; parts 
thereof 

Solar 
components 

8% 26, Manufacture 
of computer, 
electronic and 
optical products 

26.11, Manufacture 
of electronic 
components 

26.11.22, Semiconductor devices; light-emitting 
diodes; mounted piezo-electric crystals; parts 
thereof 

Low melting 
point alloys 

9% 24, Manufacture 
of basic metals 

24.45, Other non-
ferrous metal 
production 

24.45.30, Other non-ferrous metals and articles 
thereof: cermets; ash and residues, containing 
metals or metallic compounds 

 

 



 

27 
 

6. Calculation flow for Tungsten’s economic importance 

Application / 
Primary use Share 2-digit NACE sector     VA (2012) Share * VA 

 Cemented 
carbides 
(hardmetals) 60% 

20, Manufacture of 
chemicals and 
chemical products 

109,753.20 65,851.92 

 Ttool/high speed 
steels 13% 

24, Manufacture of 
basic metals 60,000.00 7,800.00 

Super-alloys  6% 

24, Manufacture of 
basic metals 60,000.00 3,600.00 

Mill products 10% 

24, Manufacture of 
basic metals 60,000.00 6,000.00 

Lighting 4% 

27, Manufacture of 
electrical equipment 85,211.40 3,408.46 

Chemistry and 
others 7% 

20, Manufacture of 
chemicals and 
chemical products 109,753.20 7,682.72 

Total 100%   94,343.10 

W SIEI 0.91 

W EI score, unscaled = 94343.1 * 0.91 = 85,852.22 

EImax (provisional value) 191,750.10 

W score, scaled (provisional) = 85852.22 /191750.10 0.447 

EI In (provisional) = 0.4477 * 10 4.477 
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7. Detailed allocation of Tungsten’s end uses to the corresponding NACE sectors and CPA 
categories (Step 3) 

Applications 
/ Primary 
uses 

Share  
2-digit NACE 
REV. 2 sector   

Detailed  NACE 
REV.2 sector (3- 

and 4-digit) 

Corresponding CPA 
categories 

PRODCOM 

 Cemented 
carbides 
(hardmetals) 

60% 20, Manufacture 
of chemicals 
and chemical 
products 

20.59,  Manufacture 
of other chemical 
products n.e.c. 

20.59.57, Prepared 
binders for foundry 
moulds or cores; chemical 
products 

20.59.57.40, Non-
agglomerated metal 
carbides mixed together 
or with metallic binders 

Ttool/high 
speed steels 

13% 24, Manufacture 
of basic metals 

24.10, Manufacture 
of basic iron and 
steel and of ferro-
alloys 

to be identified to be identified 

Super-alloys  6% 24, Manufacture 
of basic metals 

24.10, Manufacture 
of basic iron and 
steel and of ferro-
alloys 

24.10.12, Ferro-alloys 24.10.12.90, Other ferro 
alloys n.e.c. 

Mill products 10% 24, Manufacture 
of basic metals 

24.4, Manufacture 
of basic precious 
and other non-
ferrous metals             
24.45, Other non-
ferrous metal 
production 

24.45.30, Other non-
ferrous metals and 
articles thereof: cermets; 
ash and residues, 
containing metals or 
metallic compounds  

24.45.30.13, Tungsten 
(wolfram) and articles 
thereof (excluding 
waste and scrap), n.e.c. 

Lighting 4% 27, Manufacture 
of electrical 
equipment 

27.40, Manufacture 
of electric lighting 
equipment 

27.40.12, Tungsten 
halogen filament lamps, 
excluding ultraviolet or 
infra-red lamps 

27.40.12.50, Tungsten 
halogen filament lamps 
for motorcycles and 
motor 8539 21 30 
vehicles (excluding 
ultraviolet and infrared 
lamps)            
27.40.12.93;  
27.40.12.95 

Chemistry 
and others 

7% 20, Manufacture 
of chemicals 
and chemical 
products 

20.12, Manufacture 
of dyes and 
pigments               
20.13, Manufacture 
of other inorganic 
basic chemicals                    
20.59, Manufacture 
of other chemical 
products n.e.c. 

20.12.19, Other metal 
oxides, peroxides and 
hydroxides   20.13.51, 
Salts of oxometallic or 
peroxometallic acids; 
colloidal precious metals                
20.59.41, Lubricating 
preparations 

20.12.19.90, Other 
inorganic bases; other 
metal oxides, 
hydroxides and 
peroxides, n.e.c.          
20.13.51.10, 
Manganites, 
manganates and 
permanganates; 
molybdates; tungstates 
(wolframates)                    
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8. Existing substitutes for the main end-use applications of Lithium  

End-use 
application 

Substitute 
material 

Associated patents Patent's Applicant Additional info 

Batteries Aluminium CN103825045 (A) ― 2014-
05-28: Aluminium ion 
battery and preparation 
method thereof; 

UNIV BEIJING 
SCIENCE & TECH 

http://machinedesign.com/
news/goodbye-lithium-ion-
batteries 

Aluminium CN104078678 (A) ― 2014-
10-01 : Sulfur-carbon 
conductive polymer positive 
electrode and secondary 
aluminium battery using 
same   

NANJING 
ZHONGCHU NEW 
ENERGY CO LTD 

 

Sodium CN104610569 (A) ― 2015-
05-13: Novel sodium-sulfur 
battery and preparation 
method of separator of 
battery   

UNIV ZHEJIANG http://www.extremetech.co
m/electronics/149779-
sodium-air-batteries-could-
replace-lithium-air-as-the-
battery-of-the-future 

Sodium US2015303467 (A1) ― 
2015-10-22 : ANODE 
COMPOSITIONS FOR 
SODIUM-ION BATTERIES 
AND METHODS OF 
MAKING SAME   

3M INNOVATIVE 
PROPERTIES CO 
[US] 

http://www.reliableplant.co
m/Read/26973/Alternative-
to-lithium-ion-batteries     
http://cen.acs.org/articles/9
3/i29/Challenging-Lithium-
Ion-Batteries-New.html 

Nickel   NiZn; NiCd or NiMH; 
http://www.toolcrib.com/blo
g/2007/03/making-the-
power-tool-battery-
decision-nimh-vs-nicad-vs-
li-ion     
http://www.thehybridshop.c
om/media/blogs/nickel-
metal-hydride-vs-lithium-
best-hybrid-battery/ 

Zinc US2015303530 (A1) ― 
2015-10-22 : METHOD 
FOR CHARGING A ZINC-
AIR BATTERY WITH 
LIMITED POTENTIAL 

ELECTRICITE DE 
FRANCE [FR] 

 

Zinc–air batteries   
http://cleantechnica.com/2
013/05/30/new-zinc-air-
battery-could-pack-twice-
the-power-of-lithium-ion/     
http://www.eosenergystora
ge.com/technology/   
http://www.bloomberg.com/
news/articles/2013-05-
01/con-edison-to-test-
power-grid-battery-with-
eos-in-new-york-city 

Lead   http://www.powertechsyste
ms.eu/home/tech-
corner/lithium-ion-vs-lead-
acid-battery/ 

Glass and 
ceramics 

 

Sodium   http://www.essentialchemic
alindustry.org/chemicals/so
dium-carbonate.html 

Calcium CA 2446421 A1: Method for 
reducing the amount of 
lithium in glass production  

Specialty Minerals 
(Michigan) Inc., 
John Albert 
Hockman 

Dictionary of Glass: 
Materials and Techniques; 
ISBN 0-8122-3619-X 



 

30 
 

End-use 
application 

Substitute 
material 

Associated patents Patent's Applicant Additional info 

Glass and 
ceramics 

Magnesium US 6531421 B2: Method of 
reducing the amount of 
lithium in glass production 

 

Specialty Minerals 
(Michigan) Inc. 

Dictionary of Glass: Materials 
and Techniques; ISBN 0-
8122-3619-X 

Silicon CA 2446421 A1: Method for 
reducing the amount of 
lithium in glass production 

 

Specialty Minerals 
(Michigan) Inc., 
John Albert 
Hockman 

 

Potassium   http://chemwiki.ucdavis.edu/In
organic_Chemistry/Descriptiv
e_Chemistry/Elements_Orga
nized_by_Block/1_s-
Block_Elements/Group__1%3
A_The_Alkali_Metals/Chemist
ry_of_Potassium 

Lubricates Sodium   http://www.reliabilityweb.com/
art04/understanding_grease.h
tm 

Aluminium   Lubricating Greases - 
manufacturing technologies, 
ISBN 81-224-1668-3 

Barium   http://www.reliabilityweb.com/
art04/understanding_grease.h
tm 

Calcium   http://www.reliabilityweb.com/
art04/understanding_grease.h
tm 

Gas & air 
treatment 

Sodium 

 

  http://www.rockwoodlithium.c
om/applications/air-
conditioners-gas-and-air-
treatment/ 

Potassium 

 

  http://www.allergyconsumerre
view.com/airpurifiers-
information.html#sthash.SQd
3Rij2.dpbs 

Magnesium 

 

  http://www.alibaba.com/magn
esium-and-aluminium-air-
filter-cover-suppliers.html 

Aluminium   http://www.allergyconsumerre
view.com/airpurifiers-
information.html#sthash.SQd
3Rij2.dpbs 

Carbon  

(Active carbon) 

  http://www.airfilterusa.com/co
mmercial-industrial/carbon-
filters 

Silver   http://learn.livingdirect.com/po
rtable-air-conditioner-filters/ 
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End-use 
application 

Substitute 
material 

Associated patents Patent's Applicant Additional info 

Continuous 
casting 

Magnesium RU2012150908 (A): STEEL 
HIGH-MAGNESIA FLUX 
AND METHOD OF ITS 
PRODUCTION 
(VERSIONS)    

OTKRYTOE 
AKTSIONERNOE 
OBSHCHESTVO 
"URAL'SKIJ 
INSTITUT 
METALLOV"; 
OBSHCHESTVO S 
OGRANICHENNOJ 
OTVETSTVENNOS
T'JU 
EHTIPRODAKTS 

 

Sodium   Industrial minerals & rocks: 
7th edition, Society for 
mining, Metallurgy, and 
Exploration, Inc. (SME) 

Potassium   Industrial minerals & rocks: 
7th edition, Society for 
mining, Metallurgy, and 
Exploration, Inc. (SME) 

Synthetic 
rubbers & 
plastics 

Magnesium   http://www.mannekus.com/ind
ustrial/ 

Sodium   Basic principles in Applied 
Catalysis, M. Baerns (Ed.), 
ISSN 0172-6218 

Pharmaceuticals No substitute    

Aluminium 
smelting 

Potassium US 5505823 A:  Method for 
the electrolytic production of 
aluminum  

 

Solv-Ex Corporation https://www.alcoa.com/global/
en/about_alcoa/pdf/Smeltingp
aper.pdf 

http://www.aluminum-
production.com/aluminum_his
tory.html 

Sodium   http://www.istc.illinois.edu/info
/library_docs/manuals/primme
tals/chapter4.htm 

http://chemistry.elmhurst.edu/
vchembook/327aluminum.htm
l 
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9. SCP assessments for the identified substitutes for Lithium 

End-use application 

Shares of 
main 

material in 
end-use 

application 

Sub-shares 
of 

substitutes 
within end-

use 
application 

Substitute 
material 

Substitute 
Performance 

(SP) 

Substitute 
Cost 

(SC) 

SCP 

(matrix 
evaluation) 

Batteries 40%* 

6% Aluminium Similar Lower 0.7 

5% Nickel Reduced Lower 0.8 

6% Zinc Similar Lower 0.7 

28% Lead Reduced Lower 0.8 

15% Sodium Reduced Lower 0.8 

40% Lithium No substitute No substitute 1 

Glass & ceramics 20% 

10% Sodium Reduced Lower 0.8 

10% Calcium Reduced Lower 0.8 

10% Magnesium Reduced Lower 0.8 

10% Silicon Reduced 
Higher (5 
times) 

1 

10% Potassium Reduced Lower 0.8 

50% Lithium No substitute No substitute 1 

Lubricates* 13% 

7% Sodium Reduced Lower 0.8 

5% Aluminium Reduced Lower 0.8 

5% Barium Reduced Lower 0.8 

8% Calcium Reduced Lower 0.8 

75% Lithium No substitute No substitute 1 

Gas & air treatment 4% 

9% Sodium Reduced Lower 0.8 

8% Potassium Reduced Lower 0.8 

8% Magnesium Reduced Lower 0.8 

8% Aluminium Reduced Lower 0.8 

9% 
Carbon 
(active) 

Reduced Lower 0.8 

8% Silver Reduced 
Higher (5 
times) 

1 

50% Lithium No substitute No substitute 1 

Continuous casting 7% 

10% Magnesium Reduced Lower 0.8 

10% Potassium Reduced Lower 0.8 

10% Sodium Reduced Lower 0.8 

70% Lithium No substitute No substitute 1 

Synthetic rubbers & 
plastics 

3% 

15% Magnesium Reduced Lower 0.8 

15% Sodium Reduced Lower 0.8 

70% Lithium No substitute No substitute 1 

Pharmaceuticals 3% 100% 
No substitute: 
Lithium 

No substitute No substitute 1 

Aluminium smelting 1% 

30% Sodium Reduced Lower 0.8 

20% Potassium Reduced Lower 0.8 

50% Lithium No substitute No substitute 1 

Other 9% 100% Lithium No substitute No substitute 1 

* Detailed sub-shares for batteries, lubricants etc. could be done due to available information on the 

web (Table 3). Information for end-use application shares is taken from Signumbox (2015) available 

from Galaxy Lithium company presentation - 2014. 

http://www.galaxylithium.com/media/presentations/20150413-gxy-presentation.pdf 
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10. SP, SCr and SCo sub-parameters for Lithium 

End-use application 

Shares of 
main 

material in 
end-use 

application 

Sub-shares 
of 

substitutes 
within end-

use 
application 

Substitute 
material 

Substitute 
Production 

(SP) 

Substitute 
Criticality 
(SCr) 

Substitute Co-
production  

(SCo) 

Batteries 40% 6% Aluminium 0.8 0.8 0.8 

5% Nickel 0.8 0.8 0.8 

6% Zinc 0.8 0.8 0.8 

28% Lead 0.8 0.8 0.8 

15% Sodium 0.8 0.8 0.8 

40% Lithium 1 1 1 

Glass & ceramics 20% 10% Sodium 0.8 0.8 0.8 

10% Calcium 0.8 0.8 0.8 

10% Magnesium 0.8 1 0.8 

10% Silicon 0.8 1 0.8 

10% Potassium 0.8 0.8 0.8 

50% Lithium 1 1 1 

Lubricates 13% 7% Sodium 0.8 0.8 0.8 

5% Aluminium 0.8 0.8 0.8 

5% Barium 1 0.8 0.8 

8% Calcium 0.8 0.8 0.8 

75% Lithium 1 1 1 

Gas & air treatment 4% 9% Sodium 0.8 0.8 0.8 

8% Potassium 0.8 0.8 0.8 

8% Magnesium 0.8 1 0.8 

8% Aluminium 0.8 0.8 0.8 

9% Carbon 
(active) 

0.8 0.8 0.8 

8% Silver 0.8 0.8 0.8 

50% Lithium 1 1 1 

Continuous casting 7% 10% Magnesium 0.8 1 0.8 

10% Potassium 0.8 0.8 0.8 

10% Sodium 0.8 0.8 0.8 

70% Lithium 1 1 1 

Synthetic rubbers & 
plastics 

3% 15% Magnesium 0.8 1 0.8 

15% Sodium 0.8 0.8 0.8 

70% Lithium 1 1 1 

Pharmaceuticals 3% 100% No substitute: 
Lithium 

1 0.8 0.8 

Aluminium smelting 1% 30% Sodium 0.8 0.8 0.8 

20% Potassium 0.8 0.8 0.8 

50% Lithium 1 1 1 

Other 9% 100% Lithium 1 1 1 
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11. Existing substitutes for the main end-use applications of Indium 

End-use application 
Substitute 
material 

Associated patents 
Patent's 
Applicant 

Additional info 

Flat panel displays 
(liquid crystal 
displays; plasma-
display panels; touch 
screens; monitors 
etc.) 

Tin (Fluorine 
doped Tin 
Oxide - FTO) 

 

CN104451610 (A): 
Preparation method for 
fluorine-doped tin oxide 
transparent conductive thin 
film   

 

UNIV 
LIAONING 

 

Manufacturers: SIGMA 
ALDRICH; 

HONGKONG ZEELANG 
GLASS LIMITED; 

Lianyungang Fenqiang 
Trading Co., Ltd. 

Zinc 
(Aluminium 
doped Zinc 
Oxide - AZO) 

 

GB2512069 (A): Aluminium 
doped tin oxide coatings   

 

PILKINGTON 
GROUP LTD 
[GB] 

 

Manufacturers: SIGMA 
ALDRICH; American 
elements - the materials 
science manufacturer;  

US Research Nanomaterials, 
Inc: The advanced 
Nanomaterials Provider. 

Zinc 
(Aluminium 
doped Zinc 
Oxide - AZO) 

FR2998582 (A1): Use of a 
composition comprising 
diethylzinc and tricyclic aryl 
compound, in chemical 
vapor deposition process for 
depositing zinc oxide film, 
such as conductive 
transparent oxide film, which 
is useful to manufacture flat 
panel display.    

AIR LIQUIDE 
[FR] 

Manufacturers: SIGMA 
ALDRICH; American 
elements - the materials 
science manufacturer;  

US Research Nanomaterials, 
Inc: The advanced 
Nanomaterials Provider. 

Opto-electronic 
windows 
(architectural glass 
/smart 
windows/windscreens 
etc.) 

Tin (Fluorine 
doped Tin 
Oxide - FTO) 

No patents found for this 
particular application. 

 Manufacturers: SIGMA 
ALDRICH; HONGKONG 
ZEELANG GLASS LIMITED; 
Lianyungang Fenqiang 
Trading Co., Ltd. 

Zinc 
(Aluminium 
doped Zinc 
Oxide - AZO) 

No patents found particularly 
for this particular application. 

 Manufacturers: SIGMA 
ALDRICH; American 
elements - the materials 
science manufacturer; US 
Research Nanomaterials, Inc: 
The advanced Nanomaterials 
Provider; 

Semiconductors Gallium 
(GaAs; GaN; 
AlGaN) 

CN104600565 (A) : Gallium 
arsenide laser with low 
electronic leakage and 
manufacturing method 
thereof 

INST 
SEMICONDUC
TORS CAS 

Manufacturers: AXT Inc; 
Kyma Technologies; CrystAl-
N; Freiberger Compound 
Materials; 

Gallium 
(GaAs; GaN; 
AlGaN) 

CN104393132 (A) : Green-
light LED (Light Emitting 
Diode) epitaxial layer 
structure and growing 
method   

INST 
SEMICONDUC
TORS CAS 

Manufacturers: AXT Inc; 
Kyma Technologies; CrystAl-
N; Freiberger Compound 
Materials; 

Germanium 
(SiGe) 

CN104141169 (A) : 
Germanium silicon epitaxial 
growth reaction chamber, 
germanium silicon epitaxial 
growth method and 
semiconductor manufacture 
device 

SEMICONDUC
TOR MFG INT 
CORP 

Manufacturers: SWI; PAM-
XIAMEN 
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End-use application 
Substitute 
material 

Associated patents 
Patent's 
Applicant 

Additional info 

Semiconductors Germanium 
(SiGe) 

CN104037275 (A): Silicon 
nitride membrane strained 
germanium LED device with 
suspension structure and 
production method of silicon 
nitride membrane strained 
germanium LED device. 

UNIV XIDIAN Manufacturers: SWI; 
PAM-XIAMEN 

Solar components Silicon   Using the established 
technology is currently 
available as a substitution 
alternative, thus Si to be 
considered as substitute; 
although with limitations - 
not applicable in all 
applications. 

Zinc WO2014134515 (A1): 
HIGH-EFFICIENCY, LOW-
COST SILICON-ZINC 
OXIDE HETEROJUNCTION 
SOLAR CELLS 

UNIV LELAND 
STANFORD 
JUNIOR [US]; 
HONDA 
PATENTS & 
TECH NORTH 
AM [US] 

 

Zinc CN103803809 (A): Method 
for producing zinc oxide-
based transparent 
conductive coating glass 

BENGBU 
GLASS IND 
DESIGN INST; 
CHINA 
TRIUMPH INT 
ENG CO LTD 

 

Zinc CN102664198 (A) : Broad-
spectrum light trapping zinc 
oxide transparent 
conductive film and 
preparation method thereof   

UNIV NANKAI  

Low melting point 
alloys  

(soldering) 

Tin CN104384746 (A) : Low-
melting-point lead-free 
soldering tin particles and 
preparation method thereof   

MINGGUANG 
XUSHENG 
TECHNOLOGY 
CO LTD 

Applicable only for limited 
cases, depending on 
temperature diapason. For 
very low temperatures 
only Indium is feasible 
solution. 
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12. SCP assessments for the identified substitutes for Indium 

End-use application 

Share of 
main 

material 
in end-
use 

applica-
tion 

Sub-shares 
of 

substitutes 
within end-

use 
application 

Substitute 
material 

Substi-
tute 

Perfor-
mance 
(SP) 

Substitute 
Cost 

(SC) 

SCP (matrix 
evaluation) 

Flat panel displays 70 % 

5% Tin Reduced Lower 0.8 

5% 
Zinc 

 
Reduced Lower 0.8 

90% Indium 
No 

substitute 
No substitute 1 

Opto-electronic 
windows 

9 % 

25% Tin Similar Lower 0.7 

25% Zinc Similar Lower 0.7 

50% Indium 
No 

substitute 
No substitute 1 

Semiconductors 4 % 

25% Gallium Similar Lower 0.7 

25% Germanium Similar Lower 0.7 

50% Indium 
No 

substitute 
No substitute 1 

Solar components 8 % 

25% Silicon Reduced Lower 0.8 

25% Zinc Reduced Lower 0.8 

50% Indium 
No 

substitute 
No substitute 1 

Low melting point 
alloys (soldering) 

9 % 

20% Tin Reduced Lower 0.8 

80% Indium 
No 

substitute 
No substitute 1 
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13. SP, SCr and SCo sub-parameters for Indium 

End-use application 

Share of 
main 

material in 
end-use 

applica-tion 

Sub-shares 
of 

substitutes 
within end-

use 
application 

Substitute 
material 

Substitute 
Production 

(SP) 

Substitute 
Criticality 
(SCr) 

Substitute 
Co-

production  
(SCo) 

Flat panel displays 70 % 

 

5% Tin 0.8 0.8 0.8 

5% Zinc 0.8 0.8 0.8 

90% Indium 1 1 1 

Opto-electronic 
windows 

9 % 25% Tin 0.8 0.8 0.8 

25% Zinc  0.8 0.8 0.8 

50% Indium 1 1 1 

Semiconductors 4 % 25% Gallium 1 1 1 

25% Germanium 1 1 1 

50% Indium 1 1 1 

Solar components 8 % 25% Silicon 0.8 1 0.8 

25% Zinc 0.8 0.8 0.8 

50% Indium 1 1 1 

Low melting point 
alloys (soldering) 

9 % 20% Tin 0.8 0.8 0.8 

80% Indium 1 1 1 
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14.  Existing substitutes for the main end-use applications of Tungsten 

End-use application Substitution possibilities 
Substitute 
materials 

Additional info 

Cemented carbides 
(hardmetals) 

W free carbides/cermets: 
titanium carbide; titanium 

carbonitride  

Titanium 

 

Manufacturer: VIRIAL 
(http://www.virial.ru/en/materials/199/) 

Ceramic matrix composite 
(CMC) materials-C/SiC or 

Si/SiC 

Silicon Manufacturer: VIRIAL 
(http://www.virial.ru/en/materials/199/) 

Ceramics based on zirconia 
(ZrO2) 

Zirconium  Manufacturer: VIRIAL 
(http://www.virial.ru/en/materials/199/) 

Alumina (Al2O3) based 
ceramics 

Aluminium Manufacturer: VIRIAL 
(http://www.virial.ru/en/materials/199/) 

Ttool/high speed 
steels 

 

Molybdenum carbides Molybdenum http://www.imoa.info/molybdenum-
uses/molybdenum-grade-alloy-steels-

irons/tool-high-speed-steel.php 

http://www.totalmateria.com/page.aspx?ID=
CheckArticle&site=kts&NM=236 

Super-alloys  

(used in aircraft 
engines, marine 
vehicles, turbine 

blades, exhaust gas 
assemblies; furnace 

parts) 

Mo alloys; ceramic matrix 
composite (CMC) materials-

C/SiC or Si/SiC; 

Molybdenum http://www.geaviation.com/press/military/mil
itary_20150210.html 

 

Silicon http://www.compositesworld.com/articles/ce
ramic-matrix-composites-heat-up 

http://americanmachinist.com/news/ge-
starts-demo-testing-cmc-parts-jet-engines 

Mill products (1) 

(electrodes, electrical 
and electronic 

contacts, wires, 
sheets, rods, heat 

sinks, radiation 
shielding, weights, 
ammunition and 
armour, in the 

automotive and 
aerospace industry, 

as furnace elements, 
jewellery, in medical 

and nuclear 
applications, for 

sports equipment and 
as welding 

electrodes.  etc.) 

 Tantalum http://www.hcstarck.com/en/products/techn
ology_metals/tantalum.html;   

http://www.hcrosscompany.com/refractory/t
antalum.htm 

http://www.grandviewmaterials.com/about/c
onflict 

Niobium 

 

http://www.chinacarbide.com/En/Cpzx_List.
asp?XcClassid=105103100;   
http://www.cbmm.com/us/p/173/uses-and-
end-users-of-niobium.aspx 

Molybdenum http://www.hcstarck.com/molybdenum_tzm
_alloy 

Mill products (2) 
Lighting 

LED technology Germanium  http://www.edisontechcenter.org/LED.html 

Silicon http://www.edisontechcenter.org/LED.html 
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End-use application Substitution possibilities 
Substitute 
materials 

Additional info 

Mill products (2) 
Lighting 

LED technology Galium http://www.edisontechcenter.org/LED.html 

Indium http://www.itia.info/lamp-industry.html 

Europium http://www.edisontechcenter.org/LED.html 

Terbium http://www.ledsmagazine.com/articles/print/
volume-8/issue-2/features/led-phosphor-
suppliers-are-affected-by-china-s-rare-
earth-export-quotas-magazine.html 

Yttrium http://www.edisontechcenter.org/LED.html 

Chemistry and 
others                  

(high temperature 
lubricant and is a 

component of 
catalysts for 

hydrodesulfurization) 

 Molybdenum 

 

Hydrotreatment and hydrocracking of oil 
fractions: ISBN 978-0-444-50214-9 

Lubricants and Lubrication: ISBN 978-3-
527-31497-3 

http://www.belray.com/molylube-high-
temperature-grease 
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15. SCP assessments for the identified substitutes for Tungsten 

End-use application 

Shares of 
main 

material in 
end-use 

application 

Sub-shares 
of 

substitutes 
within end-

use 
application 

Substitute 
material 

Substi-
tute 

Perfor-
mance 
(SP) 

Substitute 
Cost 

(SC)* 

SCP 

(matrix 
evaluation) 

Cemented carbides 
(hardmetals) 

60% 12.5% Titanium Similar Lower 0.7 

12.5% Silicon Reduced Lower 0.8 

12.5% Zirconi um Reduced Higher (>2 
times) 

1 

12.5% Aluminium Reduced Lower 0.8 

50% Tungsten No 
substitute 

No substitute 1 

Ttool/high speed 
steels 

13% 50% Molybdenum Similar Lower 0.7 

50% Tungsten No 
substitute 

No substitute 1 

Super-alloys 6% 25% Molybdenum Reduced Lower 0.8 

25% Silicon Reduced Lower 0.8 

50% Tungsten No 
substitute 

No substitute 1 

Mill products (1) 10% 16.7% Tantalum Reduced Higher (>2 
times) 

1 

16.7% Niobium Reduced Similar 0.8 

16.7% Molybdenum Reduced Lower 0.8 

50% Tungsten No 
substitute 

No substitute 1 

Mill products (2) 
Ligthing 

4% 7.14% Germanium Similar 

 

Higher (>2 
times) 

0.9 

7.14% Silicon Similar Lower 0.7 

7.14% Galium Similar Higher (>2 
times) 

0.9 

7.14% Indium Similar Higher (>2 
times) 

0.9 

7.14% Europium Similar 

 

Higher (>2 
times) 

0.9 

7.14% Terbium Similar Higher (>2 
times) 

0.9 

7.14% Yttrium Similar 

 

Higher (>2 
times) 

0.9 

50% Tungsten No 
substitute 

No substitute 1 

Chemistry and others 7% 50% Molybdenum Reduced Lower 0.8 

50% Tungsten No 
substitute 

No substitute 1 
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16. SP, SCr and SCo sub-parameters for Tungsten 

End-use application 

Shares of 
main 

material in 
end-use 

application 

Sub-shares 
of 

substitutes 
within end-

use 
application 

Substitute 
material 

Substitute 
Production 

(SP) 

Substitute 
Criticality 
(SCr) 

Substitute 
Co-

production  
(SCo) 

Cemented carbides 
(hardmetals) 

60% 12.5% Titanium 0.8 0.8 0.8 

12.5% Silicon 0.8 1 0.8 

12.5% Zirconium 0.8 0.8 0.8 

12.5% Aluminium 0.8 0.8 0.8 

50% Tungsten 1 1 1 

Ttool/high speed 
steels 

13% 50% Molybdenum 0.8 0.8 0.9 

50% Tungsten 1 1 1 

Super-alloys 6% 25% Molybdenum 0.8 0.8 0.9 

25% Silicon 0.8 1 0.8 

50% Tungsten 1 1 1 

Mill products (1) 10% 16.7% Tantalum 1 0.8 1 

16.7% Niobium 1 1 1 

16.7% Molybdenum 0.8 0.8 0.9 

50% Tungsten 1 1 1 

Mill products (2) 
Ligthing 

4% 7.14% Germanium 1 1 1 

7.14% Silicon 0.8 1 0.8 

7.14% Galium 1 1 1 

7.14% Indium 1 1 1 

7.14% Europium 1 1 1 

7.14% Terbium 1 1 1 

7.14% Yttrium 1 1 1 

50% Tungsten 1 1 1 

Chemistry and others 7% 50% Molybdenum 0.8 0.8 0.9 

50% Tungsten 1 1 1 
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17. Worked example: Supply risk of selected raw materials recalculated according to the 
JRC recommendations related to Import dependency and mix of suppliers. 

 

 

Supply Risk =  Global Supply Risk x IR/2 + EU28 risk x (1-IR/2) = 2.70 
 

 

  

Substitutability

0.94

Recycling (EOL-RIR)

42%

Import Reliance (IR)

85%

1800 2010 EU prod 

10200 ~Net Imp (t) - CRM Report THIS PICTURE REFLECTS SUPPLY RISK GLOBALLY THIS PICTURE REFLECTS THE ACTUAL RISK FOR THE EU28

12000 EU Consumption (i.e. for no country in particular) (however, the actual supply could change in time)

Note that (in general) actual supply to EU28  is from both domestic and import

Material
WGI 

Scaled
Trade

% of global 

supply 
HHIWGI-t

Supply Risk 

(Global 

Supply)

Country WGI Scaled Trade
% import 

to EU 

% of actual 

supply to 

EU28

HHIWGI

Supply Risk 

(Supply to 

EU28)

Tungsten Austria 2.03 0.8 1.0% 0.00 0.000 Austria 2.03 0.8 8.5% 0.01 0.01

Tungsten Bolivia 6.07 1 2.0% 0.00 0.00 Bolivia 6.07 1 2% 1.7% 0.00 0.00

Tungsten Canada 1.76 1 1.0% 0.00 0.00 0.00 0.00

Tungsten China 6.18 1.1 85.0% 4.91 2.68 0.00 0.00

Tungsten Portugal 3.15 0.8 1.1% 0.00 0.00 Portugal 3.15 0.8 6.3% 0.01 0.01

Tungsten Russia 6.48 1.1 4.0% 0.01 0.01 Russia 6.48 1.1 98% 83.3% 4.95 2.70

Tungsten Others 0 6.0% 0.00 0.00 0.00

Tungsten 0.00

100% 4.93 2.69 100% 100% 4.97 2.71

Country name

Austria

1%

Bolivia

2%Canada

1%

China

85%

Portugal

1%

Russia

4%

Others

6%

TUNGSTEN GLOBAL SUPPLIER COUNTRIES

(~73kt  in 2010)

Austria

9%

Bolivia

2%

Portugal

6%

Russia

83%

TUNGSTEN ACTUAL SUPPLIERS TO EU28

(ore and conc. ~12kt)
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18. Trade barriers / Trade agreements: worked example for Lithium  

Lithium 

 Previous HHI-WGI  (scaled) = 0.8342 

Country Share of 
global 
producti
on 
(2010) 

(Share*1
00)2 

WGIsc
aled 

HHI-
WGI 

ER* Details on ER TA/EU 
member  

Details on TA t HHI-WGI(t) 

Chile 0.47 2209.00 2.58 5699.22 0 NA 0 NA 1 5,699.22 

Australia 0.22 484.00 1.74 842.16 0 No export 
restrictions 

0 NA 1 842.16 

Argentina 0.16 256.00 5.43 1390.08 1.1 Export tax of 5% 
imposed in 2010 

0 NA 1.1 1,529.09 

USA 0.07 49.00 2.53 123.97 0 NA 0 NA 1 123.97 

China 0.06 36.00 6.18 222.48 0 NA 0 NA 1 222.48 

Brazil 0.01 1.00 4.73 4.73 0 NA 0 NA 1 4.73 

Portugal 0.01 1.00 3.15 3.15 NA NA 0.8 EU Member 0.8 2.52 

Total  8,424.17 

New HHI-WGI  (scaled) = total HHI-WGI(t) / 10000 = 0.8424 
 

19. Trade barriers / Trade agreements: worked example for Indium  

 

 Previous HHI-WGI  (scaled) = 2.1962 

Country Share 
of 
global 
produc
tion 
(2011) 

(Share * 
100)2 

WGIs
caled 

HHI-WGI ER* Details on 
ER 

TA/EU 
member  

Details on TA t HHI-WGI(t) 

Belgium 0.045 20.250 2.26 45.765 NA NA 0.8 EU Member 0.8 36.61 

Brazil 0.007 0.490 4.73 2.3177 0 NA 0 NA 1 2.32 

Canada 0.113 127.690 1.76 224.7344 0 NA 0 NA 1 224.73 

China 0.574 3294.760 6.18 20361.617 1.22 Export quota 
of 233 tonnes 

0 NA 1.22 24,841.17 

Germany 0.015 2.250 2.16 4.86 NA NA 0.8 EU Member 0.8 3.89 

Italy 0.007 0.490 3.96 1.9404 NA NA 0.8 EU Member 0.8 1.55 

Japan 0.105 110.250 2.66 293.265 0 NA 0 NA 1 293.27 

Netherlands 0.007 0.490 1.58 0.7742 NA NA 0.8 EU Member 0.8 0.62 

Republic of 
Korea 

0.105 110.250 3.47 382.5675 0 NA 0 NA 1 382.57 

Russian 
Federation  

0.007 0.490 6.48 3.1752 1.1 NA 0 NA 1.1 3.49 

Peru 0.003 0.090 5.37 0.4833 0 NA 0 NA 1 0.48 

Others NA NA NA NA NA NA NA NA NA NA 

Total  25,790.70 

New HHI-WGI  (scaled) = total HHI-WGI(t) / 10000 = 2.5790 
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20. Trade barriers / Trade agreements: worked example for Tungsten  

 

 Previous HHI-WGI  (scaled) = 4.5132 

Country Share 
of 
global 
produc
tion 
(2010) 

(Share*
100)2 

WGI 

scaled 
HHI-WGI ER* Details on ER TA/EU 

member  
Details on TA t HHI-WGHI(t) 

Bolivia 0.02 4.000 6.07 24.28 0 NA 0 NA 1 24.28 

Vietnam 0.01 1.000 6.10 6.1 1.1 Export tax of 20% 
imposed in 2010 

0 NA 1.1 6.71 

Austria 0.01 1.000 2.03 2.03 NA NA 0.8 EU Member 0.8 1.62 

China 0.85 7225.0 6.18 44650.5 1.1 Export tax of 20% 
imposed in 2010 

0 NA 1.1 49,115.55 

Rwanda 0.01 1.000 5.42 5.42 0 NA 0 NA 1 5.42 

Portugal 0.01 1.000 3.15 3.15 NA NA 0.8 EU Member 0.8 2.52 

Peru 0.01 1.000 5.37 5.37 0 NA 0 NA 1 5.37 

Thailand 0.01 1.000 5.58 5.58 0 NA 0 NA 1 5.58 

Canada 0.01 1.000 1.76 1.76 0 NA 0 NA 1 1.76 

Russian 
Federation  

0.04 16.000 6.48 103.68 1.1 Export tax of 10% 
imposed in 2010 

0 NA 1.1 114.05 

Total  49,282.86 

New HHI-WGI  (scaled) = total HHI-WGI(t) / 10000 = 4.9282 
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21. Flow accounting options to calculate End of life recycling input rate (EOL-RIR) 
using the MSA study. 

EOL-RIR is calculated as: 

�45 − 6�6 = �Ydk_	Xl	cVWXYZ[\]	^[_V\`[a	_X	�m	[l\X^	XaZ	cW\[d]
�Ydk_	Xl	d\`^[\]	^[_V\`[a	_X	�m + �Ydk_	Xl	cVWXYZ[\]	^[_V\`[a	_X	�m 

Still there are some options when accounting for input of primary material and input of 

secondary material from the MSA study. 

When using the UNEP report there are not such options, because it is a world-based 

calculation and, subsequently, there are no import / export flows. 

Selection of flows:  

The underlying asumption is that the entire gross import of raw materials is beneficial to EU 
targets, eg. GDP of manufacturing up to 20%, even though they leave the EU at the processing 
stage, thus reducing the potential to generate added value and jobs downstream. Imports of 
secondary materials from ROW are accounted as part of the input of primary materials 
(denominator). 

In the following diagram, the life cycle of a raw material in Europe is represented by the brown 

boxes while the first part of the figure represents the life cycle of a raw material in the rest of 

world (ROW). The colour code of the flows is the same as that for the MSA study. Green flows 

refer to primary material, yellow flows to processed material, and purple flows are secondary 

materials. 

The flows considered are: 

B.1.1. Production of primary material as main product in EU sent to processing in EU; 

B.1.2. Production of primary material as by product in EU sent to manufacturing in EU; 

C.1.2 Exports from EU of processed material;  

C.1.3 Imports to EU of primary material;  

C.1.4. Import to the EU of secondary materials; 

D.1.3 Imports to EU of processed material; 

G.1.1 Production of secondary material from post-consumer functional recycling in EU sent 

to processing in EU; 

G.1.2 Production of secondary material from post-consumer functional recycling in EU sent 

to manufacture in EU. 
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�45 − 6�6n = �. +. + + �. +. #
L. +. + + L. +. # + �. +. M + N.+. M + �. +. O + �. +. + + �. +. # 

Where the MSA flows accounted for are: 

B.1.1. Production of primary material as main product in EU sent to processing in EU; 

B.1.2. Production of primary material as by product in EU sent to manufacturing in EU; 

C.1.3 Imports to EU of primary material;  

C.1.4. Import to the EU of secondary materials; 

D.1.3 Imports to EU of processed material; 

G.1.1 Production of secondary material from post-consumer functional recycling in EU sent 

to processing in EU; 

G.1.2 Production of secondary material from post-consumer functional recycling in EU sent 
to manufacture in EU. 

  

Selected flows: the underlying asumption is that the entire gross import 
of raw materials are beneficial to EU targets, eg. GDP of manufacturing up 

to 20%, even though they leave the EU at the processing stage, thus 
reducing the potential to generate added value and jobs downstream. 

Imports of secondary materials from ROW are accounted as part of the 

input of primary materials (denominator). 
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22. End of life recycling input rate (EOL-RIR) used in the 2013 EC criticality study, 
calculated using the MSA study and using UNEP data. 

 
Materials EC study 2013 MSA study 2015 UNEP report 2011 

Aggregates n.i 7 n.i 

Aluminium 35 - 16 

Antimony 11 28 7 

Barytes 0 - n.i 

Bauxite 0 - n.i 

Bentonite 0 - n.i 

Beryllium 19 0 8 

Borate 0 1 n.i 

Chromium 13 21 13 

Clays 0 - n.i 

Cobalt 16 35 16 

Coking coal 0 0 n.i 

Copper 20 - 15 

Diatomite 0 - n.i 

Feldspar 0 - n.i 

Fluorspar 0 1 n.i 

Gallium 0 0 0 

Germanium 0 2 9 

Gold 25 - 23 

Gypsum 1 - n.i 

Hafnium 0 - n.d. 

Indium 0 0 0 

Iron 22 - 24 

Limestone 0 - n.i 

Lithium 0 0 0 

Magnesite 0 2 n.i 

Magnesium 14 13 14 

Manganese 19 - 19 

Molybdenum 17 - 17 

Natural Graphite 0 3 n.i 

Natural Rubber 0 - - 

Nickel 32 - 26 

Niobium 11 0 11 

Perlite 0 - n.i 

Phosphate Rock 0 17 n.i 

Potash 0 - n.i 

Pulpwood 51 - n.i 

Rhenium 13 - 9 

Sawn Softwood 9 - n.i 

Scandium 1 - n.d. 

Selenium 5 - n.d. 

Silica sand 24  n.i 

Silicon 0 0 n.i 

Silver 24 - 21 
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Materials EC study 2013 MSA study 2015 UNEP report 2011 

Talc 0 - n.i 

Tantalum 4 - 3 

Tellurium 0 - n.d. 

Tin 11 - 11 

Titanium 6 - 6 

Tungsten 37 42 37 

Vanadium 0 - n.d. 

Zinc 8 - 9 

PGMs 35 - - 

  Platinum  11 23 

  Palladium  9 40 

  Rhodium  9 32 

  Ruthenium  - 11 

  Iridium  - 14 

  Osmium  -  

REE (Heavy) 0 - - 

  Terbium  22  

  Dysprosium  0  

  Erbium  0  

  Yttrium  31  

REE (Light) 0 - - 

  Lanthanum  -  

  Cerium  -  

  Praseodymium  -  

  Neodymium  1  

  Samarium  -  

  Europium  38  

  Gadolinium  -  

    

n.d: no data available; n.i.: not included. 

  



 

49 
 

23. Recycling: worked examples using MSA data 

Antimony - All quantities in kilograms of antimony 

Secondary materials (old scrap) 

G.1.1 Production of secondary material from post-consumer functional recycling in EU sent to processing in 

EU 

9.70·106 

G.1.2 Production of secondary material from post-consumer functional recycling in EU sent to manufacture 

in EU 

0 

Primary and processed materials 

B.1.1. Production of primary material as main product in EU sent to processing in EU 0 

B.1.2. Production of primary material as by product in EU sent to manufacturing in EU 0 

C.1.3 Imports to EU of primary material 4.56·105 

C.1.4 Imports to EU of secondary material 1.75·104 

D.1.3 Imports to EU of processed material 2.46·107 

�45 − 6�6	op = 9.70 ∙ 10u
9.70 ∙ 10u + 4.56 ∙ 10y + 1.75 ∙ 10z + 2.46 ∙ 10| 

�45 − 6�6op = 9.70 ∙ 10
u

3.48 ∙ 10| = 0.279 

 

Chromium - All quantities in kilograms of chromium 

Secondary materials (old scrap) 

G.1.1 Production of secondary material from post-consumer functional recycling in EU sent to processing in 

EU 

3.83·108 

G.1.2 Production of secondary material from post-consumer functional recycling in EU sent to manufacture 

in EU 

0 

Primary and processed materials 

B.1.1. Production of primary material as main product in EU sent to processing in EU 2.79·108 

B.1.2. Production of primary material as by product in EU sent to manufacturing in EU 0 

C.1.3 Imports to EU of primary material 8.02·108 

C.1.4 Imports to EU of secondary material 9.01·107 

D.1.3 Imports to EU of processed material 2.78·108 

�45 − 6�6	nA = 3.83 ∙ 10�
3.83 ∙ 10� + 2.79 ∙ 10� + 8.02 ∙ 10� + 9.01 ∙ 10| + 2.78 ∙ 10� 

�45 − 6�6	nA = 3.83 ∙ 10
�

1.83 ∙ 10� = 0.209 

  



 

50 
 

Cobalt - All quantities in kilograms of cobalt 

Secondary materials (old scrap) 

G.1.1 Production of secondary material from post-consumer functional recycling in EU sent to processing in 

EU 

6.32·106 

G.1.2 Production of secondary material from post-consumer functional recycling in EU sent to manufacture 

in EU 

0 

Primary and processed materials 

B.1.1. Production of primary material as main product in EU sent to processing in EU 0 

B.1.2. Production of primary material as by product in EU sent to manufacturing in EU 1.27·106 

C.1.3 Imports to EU of primary material 1.02·107 

C.1.4 Imports to EU of secondary material  0 

D.1.3 Imports to EU of processed material 5.61·105 

�45 − 6�6	n< = 6.32 ∙ 10u
6.32 ∙ 10u + 1.27 ∙ 10u + 1.02 ∙ 10| + 5.61 ∙ 10y 

�45 − 6�6	n< = 6.32 ∙ 10
u

1.83 ∙ 10| = 0.345	

	

Germanium - All quantities in kilograms of germanium 

Secondary materials (old scrap) 

G.1.1 Production of secondary material from post-consumer functional recycling in EU sent to processing in 

EU 

0 

G.1.2 Production of secondary material from post-consumer functional recycling in EU sent to manufacture 

in EU 

1.21·103 

Primary and processed materials 

B.1.1. Production of primary material as main product in EU sent to processing in EU 0 

B.1.2. Production of primary material as by product in EU sent to manufacturing in EU 0 

C.1.3 Imports to EU of primary material 5.05·104 

C.1.4 Imports to EU of secondary material 3.27·102 

D.1.3 Imports to EU of processed material 1.75·104 

�45 − 6�6	�> = 1.21 ∙ 10�
1.21 ∙ 10� + 5.50 ∙ 10z + 3.27 ∙ 101 + 1.75 ∙ 10z 

�45 − 6�6	�> = 1.21 ∙ 10
�

6.95 ∙ 10z = 0.017 
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Indium - All quantities in kilograms of indium 

Secondary materials (old scrap) 

G.1.1 Production of secondary material from post-consumer functional recycling in EU sent to processing in 

EU 

2.00·102 

G.1.2 Production of secondary material from post-consumer functional recycling in EU sent to manufacture 

in EU 

0 

Primary and processed materials 

B.1.1. Production of primary material as main product in EU sent to processing in EU 0 

B.1.2. Production of primary material as by product in EU sent to manufacturing in EU 9.91·104 

C.1.3 Imports to EU of primary material 1.72·104 

C.1.4 Imports to EU of secondary material 8.31·103 

D.1.3 Imports to EU of processed material 6.13·104 

�78�45 − 6�6	78 = 2.00 ∙ 101
2.00 ∙ 101 + 9.91 ∙ 10z + 1.72 ∙ 10z + 8.31 ∙ 10� + 6.13 ∙ 10z 

�45 − 6�6	78 = 2.00 ∙ 10
1

1.86 ∙ 10y = 0.001 

 

Lithium - All quantities in kilograms of lithium carbonate equivalent (LCE) 

Secondary materials (old scrap) 

G.1.1 Production of secondary material from post-consumer functional recycling in EU sent to processing in 

EU 

0 

G.1.2 Production of secondary material from post-consumer functional recycling in EU sent to manufacture 

in EU 

0 

Primary and processed materials 

B.1.1. Production of primary material as main product in EU sent to processing in EU 1.87·106 

B.1.2. Production of primary material as by product in EU sent to manufacturing in EU 0 

C.1.3 Imports to EU of primary material 7.18·106 

C.1.4 Imports to EU of secondary material 0 

D.1.3 Imports to EU of processed material 1.42·107 

�45 − 6�6	�nF = 0
1.87 ∙ 10u + 7.18 ∙ 10u + 1.42 ∙ 10| =

0
2.32 ∙ 10| 

�45 − 6�6�nF = 0 
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Tungsten - All quantities in kilograms of tungsten 

Secondary materials(old scrap) 

G.1.1 Production of secondary material from post-consumer functional recycling in EU sent to processing in 

EU 

2.63·106 

G.1.2 Production of secondary material from post-consumer functional recycling in EU sent to manufacture 

in EU 

7.60·106 

Primary and processed materials 

B.1.1. Production of primary material as main product in EU sent to processing in EU 8.69·105 

B.1.2. Production of primary material as by product in EU sent to manufacturing in EU 0 

C.1.3 Imports to EU of primary material 2.58·106 

C.1.4 Imports to EU of secondary material 7.26·104 

D.1.3 Imports to EU of processed material 1.09·107 

�� = �45 − 6�6	� = 2.63 ∙ 10u + 7.60 ∙ 10u
2.63 ∙ 10u + 7.60 ∙ 10u + 8.69 ∙ 10y + 2.58 ∙ 10u + 7.26 ∙ 10z + 1.09 ∙ 10| 

�45 − 6�6	� = 1.02 ∙ 10
|

2.46 ∙ 10| = 0.415 
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24. Recycling: worked examples using UNEP data 

Aluminium - All quantities in percentage 

Old scrap ratio (average) 45 

Working group consensus 40 

Zheng, 2009 50 

Recycled content ratio (average) 35 

Plunkert (USGS, 2006) 34 

Working group consensus 36 

Zheng, 2009 36 

Zheng, L. 2009. Organisation of European Aluminium refiners and remelters, Private communication. 
Plunkert, P.A. 2006. Aluminum recycling in the United States in 2000. USGS Circular 1196-W. 

�45 − 6�6�E = 4�6 h 6T = 0.45	 h 0.35 = 0.16 
Copper - All quantities in percentage 

Old scrap ratio (average) 51 

Goonan (USGS 2010) 24 

Graedel et al., 2004 78 

Recycled content ratio (average) 29 

Graedel et al., 2004 20 

Goonan (USGS, 2010) 30 

Risopatron, 2009 37 

Goonan, T.G. 2010. Copper recycling in the United States in 2004. USGS Circular 1196-X. 
Graedel, T.E. D. Van Beers, M. Bertram, K. Fuse, R.B. Gordon, A. Gritsinin, E. Harper, A. Kapuer, R.J. Klee, R.J. Lifset, L. 
Memon, J. Rechberger, S. Spatari, and D. Vexler. 2004. The multilevel cycle of anthropogenic copper. Environmental Science 
and Technology, 38: 1253-1261.  
Risopatron, C.R. 2009. The case of copper, paper presented at Eurometaux workshop on metal recycling data, Brussels, June 
4. 

�45 − 6�6n: = 4�6 h 6T = 0.51	 h 0.29 = 0.15 
Tantalum - All quantities in percentage 

Old scrap ratio (average) 18 

Expert opinion  1-10 

Cunningham, 2004 43 

Recycled content ratio (average) 19 

Expert opinion 10-25 

Cunningham, 2004 21 

Cunningham, L.D. 2004. Tantalum recycling in the United States in 1998. USGS Circular 1196-Z. 

�45 − 6�6P@ = 4�6 h 6T = 0.18	 h 0.19 = 0.03 
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