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Abstract 

The use of different materials is a central part of our development, especially in the 
electronics industry since it is dependent on materials such as gold, silver and copper 
etc. to achieve the required performance. The material consumption is increasing, 
while material production is limited to a few countries. Industries and companies that 
consume unusual or large amounts of material are most exposed to this problem. 
Therefore it is important for companies to be able to identify their critical materials. 
There is a lack of systems that can identify different materials criticality at a company 
level. This report proposes a system that can identify critical materials at a company 
level, regardless of the company's industry and size. 

By combining a literature study with a case study in a leading electronic company, a 
system that identifies materials criticality at a company level was developed. The 
theoretical study consisted of a comparison between three existing systems for 
evaluating critical materials, combined with a qualitative study, interviews, that were 
conducted at the electronic company Ericsson. 

The developed system evaluates a material's criticality based on two parameters; 
supply risk and corporate importance. Each parameter includes several categories 
and indicators that measure the materials criticality. By testing the system on 
Ericsson's most important and used materials such as; Al, Au, Ag, Cu, etc., it was 
found that the company do not have any critical materials. 

The developed systems corporate importance part is configurable, which makes it 
company-specific. It is up each company to customize it for their own business and 
situation. The case study also showed that a nation´s critical material doesn’t 
necessarily need to be company critical just because the company operates within the 
nation, it mainly depend on the material usage.  

Companies that manufacture end products so called OEMs in the electronics 
industry don’t usually buy materials directly from the mine, but components 
containing these materials. This makes it difficult for OEMs to trace the material 
origin. Apart from the material production concentration that is limited to a few 
countries, the knowledge of how to manufacture certain components may also be 
limited, by being concentrated in few countries. This factor makes the OEMs to 
become more dependent on certain suppliers, which can affect the business. 
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Sammanfattning 

Användandet av olika material utgör en central del i vår utveckling, speciellt inom 
elektronikbranschen då den är beroende av material som exempelvis guld, silver och 
koppar för att uppnå den efterfrågade prestandan. Idag har man en växande 
materialkonsumtions samtidigt som materialproduktionen är begränsad till ett fåtal 
länder. Branscher och företag som konsumerar ovanliga eller stora mängder material 
är mest utsatta för den problematiken. Därför är det viktigt för företag att kunna 
identifiera sina kritiska material. I dagsläget råder det brist på system som kan 
identifiera olika materials kritikalitet på företagsnivå. Denna rapport 
föreslår/beskriver ett system som kan identifiera kritiskt material på företagsnivå, 
oberoende på företagets bransch och storlek.  

Genom att kombinera en litteraturstudie med en fallstudie utförda i ett ledande 
elektronikföretag utvecklades ett system som kan identifiera ett materials kritikalitet 
på företagsnivå. Studien bestod av en jämförelse mellan tre existerande system för 
utvärderande av kritiskt material, samt en kvalitativ studie som genomfördes i form 
av djupintervjuer på elektronikföretaget Ericsson.  

Det utvecklade systemet utvärderar ett materials kritikalitet baserat på två parametrar; 
tillgänglighet och företagsekonomisk betydelse. Dessa parametrar består av olika 
kategorier och indikatorer som mäter ett materials kritikalitet. Genom att testa 
systemet på Ericssons viktiga och mest förekommande material som exempelvis; Al, 
Au, Ag, Cu, etc. visade det sig att företaget i dagsläget inte har några material som är 
kritiska för deras verksamhet.  

Det utvecklade systemet är endast konfigurerbart gällande den företagsekonomiska 
delen, vilket innebär att denna del är företagsspecifik. Det är upp till det enskilda 
företaget att anpassa den efter sin egen verksamhet och situation. Fallstudien visade 
även att ett material som bedöms som kritiskt för en nation nödvändigtvis inte 
behöver vara kritiskt för ett företag i den nationen, utan det beror främst på hur 
företaget använder av materialet.  

Företag som tillverkar slutprodukter s.k. OEM, i elektronikindustrin köper oftast inte 
material direkt från gruvan utan färdiga komponenter som innehåller dessa material. 
Detta gör det svårt för dessa företag att kunna spåra ursprunget av materialet. 
Förutom att materialproduktion kan vara begränsad till ett fåtal länder kan även 
kunskapen om hur man tillverkar vissa komponenter vara begränsad. Denna faktor 
gör även att företag (OEM) kan bli beroende av vissa underleverantörer vilket kan 
påverka verksamheten.    
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1. Introduction 

This section gives a brief overview of the theoretical background of the problem. It also presents the 
problem formulation, the purpose & aim and finally the delimitation of this case.            

The planet earth contains many treasures that we humans need to be able to 
live and achieve the standard of living that we have today. Look at our 
computers, smartphones even our cars - basically everything around us 
contains materials. These materials are not renewable resources, which mean 
they won’t be available forever; some materials have an extremely limited 
availability that will affect us in the future.     

The first time the word ’criticality’ was used in a raw material context was in 
1939. During this time the American administration decided to create a 
“Critical Materials Stockpiling Act”, which included 42 raw materials that were 
considered to have military importance (Department of Defence 2013). The 
purpose of this stockpiling was to ensure the independence of raw materials 
for military emergencies.  Today, the importance of raw materials is no longer 
limited to a nations and military, but is also important on a global level, in 
specific technologies and in different industries.  When discussing criticality, 
several factors was taken into account, such as the strategic importance of the 
raw material, ecological, political, social, technical and ethical aspects, etc. 
(Achzet & Helbig, 2013).  

The raw materials can be defined as strategic or critical. The difference 
between these terms depends on where the materials are used. A material can 
be defined as strategic when it is needed for a country’s national defence, and 
critical when it is required for economic development (CRM InnoNet, 2013). 

In order to have successful manufacturing of high technological products and 
sustainable economic development, it is necessary that the material supply is 
free from interferences. Many industrialized countries depend on imports of 
raw materials. These materials are used in high-tech products and have special 
properties that are vital for technology development. A supply risk would have 
a significant impact on the industrial companies (Gölser el al. 2014). Critical 
materials are used in small amounts, but are often invaluable due to specific 
technical characteristics. They are used in technical equipment such as mobile 
phones and electronic components, -and can constitute key functions in the 
device (Slowinski et al. 2013). In the area of clean energy, for example in the 



11 

batteries of electrical vehicles and in wind turbines, the rare materials are used 
in larger quantities thus creating a bigger demand. 

The expression ‘conflict minerals’ is well known and sometimes gets mixed up 
with the term ‘critical material’, but the terms cover different areas. Conflict 
minerals are minerals were the mining or the trade directly or indirectly 
contribute to finance of armed conflicts (Maystadt et al. 2014), while critical 
materials are qualified as critical if it face a high supply risk and a focus such as 
high economic importance (EU 2010). 

When the mining operation is limited to a few countries and large mining 
companies have a major influence in the oligopolistic industries, it causes 
serious threats such as high prices and limited access to materials, which 
compromise their competitiveness (Gölser el al. 2014). This will in turn affect 
the companies that are in need of materials.  

1.1. Background 

There are several studies and research reports that have developed systems to 
identify critical materials. The system boundaries differ depending on whether 
they are applicable, on a country or a company, as well as if it focuses on an 
economical or environmental perspective. The European Union (EU) has 
identified 20 critical materials focusing on the economic importance for the 
union, while the United States of America (USA) has identified 13 materials 
with a focus on materials needed for the clean energy sector. It is important to 
point out that EU and USA have developed different types of systems to 
evaluate these materials.  

1.2. Problem formulation 

Companies are dependent of material used in their products, especially the 
companies within the electronic industries, therefor it’s important to know 
which materials those are critical. Most of todays published studies are 
applicable to countries and nations, however, there is a lack of good systems 
that help companies evaluate the criticality of their used materials.  

The lack of company applicable systems makes it difficult for companies to 
evaluate these materials, which may affect the future strategy and the 
sustainability approach. Beyond that, the companies need to meet the 
requirements enforced by laws and regulations about transparency of material 
supply. 
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1.3. Purpose and aim 

The purpose of this thesis is to make it possible for companies to evaluate the 
criticality of the materials they are using in their products. The aim is to 
develop a system that can be applicable on a company level, which can identify 
critical materials uniquely for each company. 

1.4. Delimitation 

In order to complete the thesis within the given timeframe, three systems that 
identify materials criticality were examined in depth, and six materials were 
analysed. These materials were analysed through a criticality point of view and 
excludes the conflict mineral perspective. One case study was also performed 
at a company within the electronic industry.         
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2. Methodology 

This section describes the research methods used to conduct the study. The literature study is the 
main research method and was supplemented by a case study at Ericsson. The primary method for 
the case study has been through semi-structured interviews.       

To gain more knowledge on how critical materials can be identified a literature 
study and a case study at a chosen company was conducted. These tools were 
a key function of system development that identifies critical material on a 
company level. The developed system was based on two input channels - a 
literature study and interview at an electronic company. 

2.1. Literature study 

To get a better understanding of the theory about critical material, a literature 
study has been conducted. The theory study has consisted of books, research 
articles, reports and previous written master thesis. This information was 
obtained through databases as: Karlstad University, Google Scholar, Scopus, 
Ericsson’s intranet and Karlstad University’s library. The approach for finding 
relevant and credible reports has been through keywords and by combining 
them, such as: critical material, supply risk, importance, methodology, system, 
environmental, criticality etc. The credibility was through selecting reports with the 
highest number of citations.  

These systems provided a general overview of how to identify critical 
materials, it also gave knowledge and input about how to develop a system 
that could be used by companies. 

2.2. Case study on Ericsson 

To understand how companies manage these kinds of materials, a case study 
will be applied and tested on Ericsson. The electronic industry uses a lot of 
different materials such as metals, metalloids and non-metals in their products 
and will be affected by uncertainties in the material market. The choice of 
Ericsson as a case study company is based on it’s a market leading position in 
the telecom industry. To obtain the needed information about the company 
and their approach, qualitative research will be performed through semi-
structured interviews. The developed system will finally be tested on six 
materials used in Ericsson products.   
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2.2.1. Interviews 

To obtain more knowledge about the organisation and its material 
management, several interviews were made with employees who have an 
insight into the company’s materials management.  

Several interview strategies was examined and understood so the best strategy 
could be used for this thesis (see chapter 3.1 for more information). The 
purpose with the interviews is to get the best possible answers from Ericsson’s 
employee in a relatively short time period. The semi-structured interview 
strategy was selected in order to get answers to our questions and still have an 
open discussion so new information and perspectives could be understood. 

By interviewing employees (experts) from different business areas, a better 
overview of the company’s materials management process was obtained. 
These business areas are; sourcing/purchasing, recycling & e-waste, enclosure, 
research and development (R&D), component technology portfolio and 
strategy management. 

The aim of the interviews was to investigate which the most important and 
frequently used materials are in purchased electronics and mechanics, but also 
the importance of the used materials for the company. The interview 
questions were formulated to identify the company´s most critical 
components, which then made it possible to examine contained materials. 
Another purpose of the interviews was to receive feedback while developing 
the system.  
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3. Literature Study 

This section gives a summary of the research. It presents theoretical information about critical 
materials, existing systems that identify critical materials, the supply chain and definitions of 
corporate social responsibility. 

3.1. Interview theory  

An interview can be performed in three different ways: unstructured, 
structured or semi-structured. The type of interview category depends on the 
answers the interviewer is looking for (Kvale 1997, Preece et al 2002).  

An unstructured approach is preferred when the interviewer wants to 
understand an unclear area; it gives a general view of the area and information 
to be able to carry out a structured interview. The benefits with this approach 
is that it provides understanding and knowledge about the area, the 
disadvantages is that its time consuming.  

A structured interview can be described by when the interviewer has all the 
questions and is only looking for answers for those questions. The benefit 
with this approach is that the interviewer has the control and is able to type 
down exact answers, the disadvantage is that no new perspective or questions 
is given.  

The semi-structured approach is somewhere between, some questions are 
already prepared and some time is given for an open discussion. This 
approach is preferred when the interviewer has some questions but still need 
another perspective in the area.  

3.2. Definition of critical materials 

The criticality definition of raw materials in this thesis is mainly based on three 
parts; poor supply of the specific material, high importance to the economic 
growth and high environmental impact. There are several ways to define the 
criticality of raw materials, and this depends on the examination level; national 
or corporate.  

The importance can be expressed differently based on the chosen focus. The 
US definition of critical materials was examined from a clean energy 
perspective, while EU and China defines the material criticality from an 
economic perspective (EC 2014, Mcgroarty & Wirtz 2012, U.S. Department of 
energy 2011).  
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Table 1 presents a number of materials that are classified as critical in various 
nations (EC 2014, Mcgroarty & Wirtz 2012, U.S. Department of energy 2011). 
One explanation for the variation is that different nations are not in the same 
amount of need for each material. A material can be critical for one country, 
and not for another. Another explanation is that the approach for identifying 
critical material is different.  

 
Table 1: Critical material in EU, USA and China 

Critical material EU USA China 
Aluminium     
Antimony    
Berylium     
Borates    
Chromium     
Cobalt     
Coking Coal     
Flurospar     
Gallium    
Germanium    
Indium     
Iron    
Magnesite     
Magnesium     
Manganese     
Mercury     
Molybdenum    
Natural Graphite     
Niobium     
PGMs    
Phosphate Rock    
REEs    
Silicon Metal    
Tantalum     
Tin     
Titanium     
Tungsten     
Vanadium    
Zinc    
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The concept of critical material can be interpreted as vague and unclear. To 
gain more knowledge, several definitions have been listed:  

“To qualify as critical, a raw material must face high risks with regard to access to it, 
i.e. high supply risks or high environmental risks, and be of high economic importance. 
In such a case, the likelihood that impediments to access occur is relatively significant.” 
(EU 2010, p.32). 

“A critical material … definition can be considered to include civilian, industrial, and 
military applications that could have measured effects on the nation’s economy should 
supply of the material under evaluation become restricted.” (NRC 2008, p.30). 

“[..] and a material is termed critical if future events involving its supply from abroad 
threaten to inflict serious damage on a nation's economy” (Evans, 1993, p. 10) 

This thesis is based on what these definitions have in common, and the 
characteristics of those are: 

- Supply risk (SR): If a material faces a high risk of restrictions or 
inability to get access to it.  

- Corporate importance (CI): How a material financially affects a 
company.   

- Environmental impact (EI): If it takes a high environmental risk to 
get access to it.  

3.3. Existing systems for identifying critical materials  

Several systems that evaluate the criticality of different materials have been 
published; this thesis examined three of these in depth: the system used by EU 
commission, British Geological Survey (BGS) and Graedel. The choice to 
examine the Graedel system is due to its applicable to companies, while the 
EU and BGS systems are commonly used by organizations and nations.     

3.3.1. EU system  

The EU has developed a system that contains three parts; supply risk, 
economic importance and environmental risk that is presented below. Based 
on these parts, the EU can define the materials that are critical. A material is 
defined as critical by having a high supply risk and a high economic 
importance or environmental risk (EC 2010). 

Each material is calculated by its supply risk, economic importance and 
environmental risk, and is based on given values. The result is presented in a 
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coordinate system with two dimensions, an y-axis that shows the supply risk 
and an x-axis that shows the economic importance or environmental impact, 
see figure 1 (Sievers et al 2012).  

 
Figure 1: A coordinate system with supply risk and economic importance-axes. 

 

Supply risk  

The three following indicators are used to define a material’s criticality on a 
supply risk scale. An aggregate score is obtained by combining these values 
(EC 2010).   

Political stability and production concentration 

The first indicator measures how stable the producing countries are as well as 
the concentration level. When a country has a high percentage of production 
concentration, it leads to higher supply risk due to the oligopolistic threat.   

The worldwide governance indicators (WGI) show the government 
performance in each country (WBG 2014). The EU system combines the 
political stability and the production concentration into one indicator. The 
level of concentration and political stability is measured and evaluated by the 
Herfindahl-Hirchmann-Index (HHI), see equation 1 in appendix 1, and this 
shows the distribution of production worldwide (EC 2010, Wilson et al 2013). 

Substitutability 

The second indicator evaluates the extent to which it is possible to substitute a 
material. A material that has a poor substitutability will lead to a higher supply 
risk. Some types of materials are relatively easy to substitute, while others or 
not. Factors affecting the substitutability are the substitute materials price and 
performance (EC 2010, Angerer et al 2009).   
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Recycling 

This indicator measures the recycling potential of each material. The recycled 
materials will be considered as a secondary supply source, which will affect the 
demand for the primary material (EC 2013).   

Economic importance 

The EU is dependent on the final products that contain the materials, rather 
than the materials themselves, because the values of the final products exceed 
the materials’ values. Therefore, the EU has chosen to calculate the end-use 
value. The economy is divided into several mega-sectors that have different 
values, and this enables investigation into which materials that has the biggest 
impact on the economy. Examples of mega-sectors could be electronic 
equipment, mechanical equipment, construction metals, paper etc. (EC 2010, 
Fraunhofer 2013). 

Environmental country risk 

The environmental country risk is calculated by the ‘Environmental 
Performance Indexes’ (EPI) for each producing country. This index ranks 
how well countries perform on important environmental issues such as 
“protection of human health from environmental harm and protection of 
ecosystems” (EPI 2014). The EPI ranks 163 countries and includes 25 
performance indicators (EC 2004). 

3.3.2. British Geological Survey system  

The BGS system only measures the supply risk, and is based on a number of 
indicators that affect the availability of materials. The indicators are: scarcity 
(natural abundance in the earth’s crust), production concentration, reserve 
concentration, political stability in producing and reserve-holding countries, recycling and 
substitutability. The used values and data collection is public and internationally 
recognized (BGS 2012). These indicators are given a score from one to three, 
where one indicates a low risk and three a high risk see appendix 2, table 9-14.  

Scarcity 

The scarcity of a particular material can be estimated by its abundance in the 
earth’s crust, this factor determines a material’s criticality due to its availability 
in the crust (BGS, 2012).   

 



20 

Production concentration 

The allocation of the material production affects the short-term supply risk.  
When a few countries have the majority of the production it can cause 
uncertainty in the market due to oligopolistic threat. Uncertainty means a 
higher supply risk value; the ideal situation would have been an even 
distribution of production (BGS 2012).  

Reserve concentration  

The reserves are unequally allocated across the world’s borders. When the 
majority of reserves are limited to a few countries, it may lead to a doubtful 
market, which means an increased supply risk of the materials (BGS 2012). 

Political stability in producing and reserve-holding countries  

The political stability in countries with large concentrations of production or 
reserves may contribute to the material’s availability. The supply may be 
affected by war, famine or other conflicts. The political stability is measured by 
voting rights, a country’s political stability, government effectiveness, regulated 
equality, rule of law and control of corruption (BGS 2012). 

Recycling  

The recycling indicator is a percentage measurement of how much material 
has been produced by recycled old scrap (EuroMetaux 2006). Old scrap is the 
consumed product that is used in the recycling process (Ayres 1997). The 
production demand may decrease if the recycling rate is high (BGS 2012).  

Substitutability  

Potential for substituting a commodity with another that has similar qualities. 
This can either contribute to an increase or decrease in the supply risk. Access 
to a replaceable material can lead to demand reduction of the critical material 
(BGS 2012). 

3.3.3. Graedel system   

Graedel presents a system that identifies critical materials for companies, 
nations and on a global level. The system is an extension of a previous study 
made by the United States National Research Council in 2006 (NRC 2008). 
The evaluation of material consists of three parts; supply risk, ecological 
implications (ECOI) and importance labelled as vulnerability to supply 
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restriction (VSR). Each part contains components, which in turn contain 
indicators, see figure 2 (Graedel et al 2012). The components are equally 
weighted, but the number of indicators is not equally distributed for each 
component. 

The Graedel system is designed to help companies and stakeholders conduct 
risk evaluation and to inform resource utilization and strategic decision-
making (Graedel et al 2012).  

Supply Risk 

Graedel’s system includes a total of six indicators in three components. The 
components are used to make it easier to identify the area that could be critical 
see figure 2.    

 
Figure 2: An overview of Graedel´s supply risk 

The geological, technological and economic component is divided into two indicators. 
The indicator’s function is to evaluate the relative abundance (depletion time) 
and the material mined as a companion (Graedel et al 2012). The depletion 
time indicator contains several parameters such as historical and future 
demand, lifetime distribution, recycling, losses etc., see equation 8-14 in 
appendix 3. This indicator can be described as the amount of time it would 
take to deplete today’s reserves in a profitable manner (Nuss et al 2014, Nassar 
et al 2011). The companion material can be described as the proportion of the 
mined material, it can also be explained as the by-product from the ore of a 
host material see figure 3 (Harper et al 2014). 
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Figure 3: A typical example of companion materials (Graedel et al 2012, p.19) 

 

In a globally competitive world, government policies affect different types of 
investments. To reduce the risk of investments, a country should have fair 
polices and terms (Graedel et al 2012). The social and regulatory component 
evaluates such risks, which consist of two indicators; policy potential index 
(PPI) and human development index (HDI).  

Fraser Institute releases an annual survey report containing countries’ PPI 
values. PPI is an index that measures several factors in a country, such as 
government policy, application of existing laws, environmental regulations, 
infrastructure, socio-economic agreements, labour issues, security, etc. 
(McMahon & Cervantes 2010).  

HDI is a summarized measurement of human development that is published 
annually by the United Nations. This index measures the life expectancy, 
education and income for a country’s population. The HDI is used to rank a 
country’s human development in four different categories (UNPD 2015).  

The Geopolitical component is about governmental policies, stability and actions 
that can affect the ability to obtain mineral resources. The WGI measures the 
political stability in countries, and it includes several indicators (Kaufmann et 
al 2014). This system has only focused on the political stability and absence of 
violence indicator that measures national economic, social and political issues. 
To investigate if there is a possible monopolistic behaviour, a global supply 
indicator is included (NRC 2008). An open and evenly distributed market 
lowers the risk for an eventual supply risk, while a monopolistic market has 
the opposite effect (Graedel et al 2012).  



23 

Vulnerability to supply restriction 

The VSR component is a complement to SR and ECOI to identify critical 
materials see figure 4. The big difference between VSR and SR is that the 
former is applied to companies while SR is a general assessment of how the 
market looks. This can be explained by the fact that the substitutability and 
degree of importance of the metal in question generally varies from one end-
use application to another (Graedel et al 2012). 

 
Figure 4: An overview of Graedel’s vulnerability to supply restriction. 

 

The importance component’s purpose is to evaluate how important a specific 
material is for a company. To investigate the importance, it’s necessary to 
examine which products contain the material in order to estimate the 
percentage of revenue impact. This applies not only to products, but also 
machines and tools that contains the material. Another indicator for the 
importance component is the ability to pass-through cost increases, referring 
to how much a company is willing to pay for a certain material. This type of 
information usually comes from experts within the company who have 
knowledge about how much they can maximally pay for a specific material. 
The last indicator is about the importance to the corporate strategy - a material 
could be used for a key strategic product, and for that reason it is important to 
evaluate it. The strategic model affects a company’s decision to buy certain 
materials (Graedel et al 2012). 

The second component in the VSR is substitutability and it includes four 
indicators: substitute performance, substitute availability, environmental 
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impact ratio (ER) and price ratio (PR). In general all materials are replaceable, 
but usually come at a price that’s higher and less performance than the original 
one. When substituting a material it is necessary to investigate the other 
material’s properties, availability and the new price, in order to gain a holistic 
view of the situation. A material can be substituted and will result in a change 
in environmental impact, either positive or negative (Graedel et al. 2012, Nuss 
et al. 2014).  

The final component in the VSR is the ability to innovate. Graedel (2012) has 
included this component solely based on the belief that innovative companies 
adapt more quickly to supply restrictions. The ‘ability to innovate’ indicator 
measures how good companies are at innovating products and services. It is 
the company's experts who evaluate their own innovation ability (Graedel 
2011). 

Ecological implications 

The ecological implication indicator is included to investigate materials’ 
negative impact on the environment due to the toxin contents. It will 
eventually lead to contaminated soil, water and air, as well as high-energy 
consumption. This component should not be confused with the social and 
regulatory component that addresses the problem of obtaining mineral 
resources because of restrictions. The ECOI indicator should rather be seen as 
a hint to governmental officials and nongovernmental agencies about the 
potential environmental implications of utilizing a specific metal. This 
indicator is based on human health and ecosystems (Graedel et al. 2012). 

3.3.4. Analyses and comparison between the systems  

Table 2: System content and target value. 
Author Supply Risk Importance Ecological Risk Target Value Aggregation 

EU    Matrix 
BGS    Only 1 target value 
Graedel    Vector 

All of the systems included a supply risk, but only the EU and Graedel 
systems included importance and ecological risk, see table 2. The target value 
aggregation differs for each system; it is evident that the BGS system only 
receives one value, since it is only the supply risk that is estimated. The EU 
system presented the identified critical material in a matrix consisting of a 
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supply risk and importance or ecological risk. Graedel presented the criticality 
in a vector consisting of all three parts.   

 
Table 3: A compilation of systems and indicators. 

Author Title Supply Risk Importance Eco, 
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Four indicators were used in all of the systems: country concentration, political 
stability in producing countries, recycling and substitutability. Ecological risk 
was used twice while the other nine indicators were used once. Graedel 
included the largest number of indicators - a total of 11, see table 3.  

The BGS system gives a brief overview of materials criticality, although it’s not 
accurate and reliable due to few ranking scales as well as it only measures the 
supply risk. This system can’t be applied on companies or nations because it’s 
missing a focus / importance. The EU system is good for a general market 
where a lot of sectors are involved but are lacking important factors, such as 
reserve concentration. Graedel have succeeded to cover several areas, but the 
disadvantage is the complex calculation methods (see appendix 3) and that 
several assumptions need to take place in order to get a result, which makes it 
uncertain. 

Recycling  

The recycling process is the change from waste to new useful material. This is 
considered as an important indicator in all of the reviewed systems. The EU 
commission and the BGS included this indicator in the evaluation of the 
supply risk, while Graedel embedded it within the depletion time indicator. 
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The recycling indicator affects the demand on the primary material, which 
leads to a decreased supply risk of the material. This indicator is considered to 
play an important role in the issue of decreasing the environmental impact.  

Depletion Time & Scarcity 

The only system that included depletion time is Graedel. It is an indicator that 
estimates the geological abundance (Harper et al. 2014) and can be described 
as how long it would take to deplete today’s reserves in a profitable manner 
(Nuss et al. 2014). This indicator is similar to the scarcity indicator used by the 
BGS.  

Graedel included many parameters into this indicator, such as historical and 
future demand by end-use, lifetime distribution by end-use, recycling, losses 
and reserves, while BGS only estimates the crustal abundance.  

The Graedel’s parameters contributed to achieve a fair and accurate result, 
however, it will be difficult to find data for every material. In many cases it is 
necessary to adopt values and numbers. For example, assuming that the 
lifetime of products will remain constant in the future, as it has done in the 
past, (Nuss et al 2014) and to determinate the future demand.  This will lead to 
uncertainties and will not give a fair and accurate result.  

Country Concentration, Production & Reserves 

All of the studied systems used this indicator to evaluate the concentration of 
the producing countries; it indicates its importance for the evaluation of the 
supply risk. The indicator is primarily used to investigate whether there is an 
open market or a monopoly for specific materials.  

The systems calculated the production concentration in different ways. The 
EU has chosen to combine the political stability and production concentration 
into one single formula (EC 2010), see equation 1 in appendix 1. The BGS has 
chosen another evaluation model where they grade every material based on the 
leading country´s production concentration. Graedel evaluated this indicator 
similarly to the EU model, but excluded the political risk.  

The BGS report is the only system of the reviewed that includes a reserve 
indicator. It may not seem as important as the production concentration, but it 
is still important because it can affect the market. The BGS used the same 
grading scale as production concentration to evaluate the reserve 
concentration. 
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Political Stability, Production & Reserves Countries 

The political stability indicator is important in the process of supply risk 
evaluation; all of the systems used this indicator when estimating the supply 
risk. The political stability can affect the supply of materials if a major 
producing country of a specific material is ravaged by war, government 
intervention or another form of political turbulence.  

The BGS did not only measure the political stability for producing countries, 
but also for reserve holding countries, this made the BGS system more 
comprehensive in this aspect.    

Policy Potential Index & Human Development Index 

Graedel was the only one who used these indicators, where the PPI & HDI is 
a part of the Social and Regulatory component. The importance of these 
indicators lies in the development and sustainability effect of an environmental 
and social point of view. Both the EU and the BGS systems didn’t include any 
indicators that cover the social aspect, and therefore those systems are lacking 
from a social aspect. 

By-Product Dependency  

The only system that included the by-products dependency indicator was 
Graedel.  

Substitutability  

All of the systems used the substitutability indicator, indicating its importance, 
however, each system focuses on different aspects. Firstly, the BGS examined 
substitutability from the availability aspect, while the EU system focused on 
the substitutability performance and price. Graedel included all three aspects 
and also added an environmental aspect, which makes his indicator the most 
reliable. 

Economic Importance 

The BGS system excluded the economic importance since the focus is only on 
the supply risk, while both the EU and Graedel systems included the 
economic aspect. The EU system targets the whole European economy while 
Graedel’s system focused on corporations.  
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Environmental /Ecological Risk  

The environmental country risk is included in the EU system when evaluating 
critical materials for the EU by using the EPI index. Graedel also included an 
environmental indicator into his calculations, but with a different calculation 
model, see equation 19 in appendix 3. Both of the systems focused on the 
human health and ecosystem for each producing country. The BGS system did 
not include an environmental aspect since the focus is only on the supply risk. 

3.4. The supply chain  

Many companies do not buy materials directly, but instead components 
containing those (Slowinski et al 2013). Companies rely on their suppliers to 
supply components, but what would happen if the suppliers could not get 
access to the necessary materials to be used in the components? This would 
financially affect the clients and the suppliers.  

Large companies often ensure the supply of their components by the usage of 
several suppliers in different parts of the supply chain. Assigning responsibility 
to a number of suppliers would reduce the risk. It is not that simple when it 
comes to critical materials, since the majority of the production concentration 
is located in a few countries (USGS 2015).  

 
Figure 5: An overview of how a diamond-shaped supply chain can look in a material market 
(Slowinski et al 2013, p.22). 
 

Figure 5 demonstrates that several suppliers in every part of the supply chain 
will reduce the risk, but only marginally since the greatest risk is the source. If 
for any reason the source would stop producing, it would have a significant 
effect on the whole chain, which is the case with critical material (USGS 2015). 
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Tracking the material  

The material market can be seen as a large “water pool” where the water is 
supplied from many different water streams. Many material producers of both 
primary and recycled materials deliver these to the “pool” where all the 
materials are freely mixed. The buyers take the needed material from the 
“pool” without any consideration apart from one factor - the price. The 
materials in the “pool” are considered as a lump of atoms that are 
interchangeable with money (GHGm 2008, Young & Dias 2011).  

An obstacle that causes problems for material detection is that they are used in 
branded products. These products tend to be associated with some implicit 
information coverage from seller to buyer, such as a guarantee of quality, 
specification or statement about how it is made. Another obstacle is the signed 
contract between seller and buyer; in this case the buyer gives the seller a 
power of attorney to pick any materials they want. In this way the used 
material is no longer visible for the buyer (GHGm 2008).   

From a technical point of view, materials are equally useful for the end 
product whether they have been refined in Russia or South Africa. The global 
extent of material flow cannot be emphasized enough. For example, a copper 
concentrate from Australia may be shipped to Japan, where it is mixed with 
primary copper coming from Chile and some recycled copper from Korea, 
formed into a finished copper plate that is sent to China, where it is used in 
manufacturing of components for export to Europe (GHGm 2008, Young & 
Dias 2011). 

The tracking process of the source is challenging and can be useless because of 
lack of information about where materials come from, it could be from the 
primary source (mine) or the secondary source (recycling). The mine sources 
provide large volumes of bulk material to many buyers through signed 
contracts, and in these circumstances the “line-of-sight” for the materials is 
lost shortly after the sale (GHGm 2008). 

Some tracking research has been done, but the lack of transparency prevents 
it; a factor that puts an end to it is that the buyer and the seller hide their 
identities to protect the business relationships from competitors. Confidential 
contracts have also created problems for transparency, which affects the 
tracking process (GHGm 2008).  



30 

Some electronics companies have begun to identify their supply chain to 
collect information about the location of the sources that provide the materials 
that end up in their products. Previous research has shown that the data 
collection process is complex and challenging because of the gaps that occur 
when the suppliers indicate that intermediate material processes are the source 
of the material supply (GHGm 2008).  

Strategies and actions 

Companies need to take action to prevent a shortage of critical materials. 
Slowinski (2013) identified a four-step structure to prevent shortage of 
material. 

- Identifying critical material and the supply chain 

- Reducing the demand 

- Communicating with management to inform about risk and strategies 

- Securing supply 

The first area is about identifying critical materials and the supply chain. There 
are existing systems that identify materials, but depending on the company, the 
outcome will be different. The common characteristics of the systems are that 
they include a supply risk and an economic importance. Supply risk shows 
how accessible a material is and the economic importance shows how a 
material financially affects companies (EU 2010, NRC 2008).  

The most ideal way to reduce risk is to reduce demand, this result with less 
dependence of the material which is a tough challenge for the designers and 
the R&D department. Companies should review their options and examine 
whether it is possible to substitute materials at a reasonable cost. It is also 
important to examine the recycling and re-use potential (Slowinski et al. 2013) 

The upper management may be unaware of upcoming risks of shortage of 
materials. Improved communication can lead a company in a different 
direction to avoid unnecessary risks. The management will have time to figure 
out alternative business solutions. This area is strongly linked with the other 
areas; the management could, for example, try to reduce the demand through 
various solutions. Slowinski highlights the problem through an example: 
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“Assume that a smartphone producer cannot obtain enough lithium to 
produce 10,000 phones, and lithium represents 10 percent of the battery 
cost. If the battery represents 3 percent of the overall product cost of 
approximately $200, the inability to obtain a material costing $6,000 
(10% x 3% x 10,000 x $200) means nearly $2 million in goods cannot 
he finished and sold” (Slowinski et al. 2013, p.23) 

The example shows that a fraction of the cost is affecting the total sale of 
millions of dollars. Corporate management teams can handle problems in a 
completely different way if they know that a high risk may arise.  

The last area is about securing supply, which can be done in a variety of ways. 
Companies have several options; they can buy relatively large quantities and 
store the material, or merge with a supplier and form a joint venture. For 
example, one of Toyota’s subsidiaries has formed a joint venture with a 
supplier to ensure access to heavy rare earth elements (HREE). The deal also 
included that Toyota will have the right to purchase 100% of the HREE 
production (Slowinski et al. 2013, Matamec 2013).  

3.5. Corporate Social Responsibility 

Corporate Social Responsibility (CSR) is a concept that aims to maintain a 
balance between economic interest, social justice and environmental rebirth. 
The first time Bowen defined the term Corporate Social Responsibility was in 
1953 (Archie 1999, Sebhatu 2012) with the definition:  

” […] the obligations of businessmen to pursue those policies, to make those decisions, or to 
follow those lines of action which are desirable in terms of the objectives and values of our 
society” (Sebhatu 2012 p.7) 

During this time CSR was linked to the power that businesses had in society. 
The concept received many objections by researchers; they believed the 
industry’s only role in society was sustainable profit maximization. In 1970, 
Friedmans took a step further and declared that a company is only responsible 
for maximizing the yield to its shareholders, and not society - only individuals 
could have social responsibilities (Sebhatu 2012).  

There is still no general definition of the CSR concept, but it indicates that 
organizations are responsible for creating economic benefits for their 
shareholders, but also have a responsibility towards affected stakeholders such 
as ecology and future generations. The CSR concept is based on the triple 



32 

bottom line - economic, social and environmental; the balance between these 
aspects creates a complete picture of sustainable development (Sebhatu 2012, 
Archie 1999).   

Implementing a CSR approach within a company can create sustainable value, 
(Enquist et. al 2008) it is a way for companies to advance their business, gain a 
competitive advantage and drive innovation. Beyond this, the company will 
build trust among its stakeholders and in this way also protect their brand 
(Sebhatu 2012).  

The growing implementation of CSR approaches within companies has been 
noticeable recently, and these efforts are made in order to comply with 
international standards, codes of conduct, sustainability reports, etc. In this 
case, the CSR represents company´s obligations in areas such as human rights, 
environmental protection, community involvement and suppliers - basically 
the triple bottom line. The CSR approach within supply chains is mainly 
utilized by electronics companies, and appears under various names, such as 
responsible sourcing, ethical supply sourcing, purchasing socially responsible, 
right wise trade, environmentally friendly actions, purchasing and 
environment, etc. In 2006, Terra Choice made a study of companies’ 
purchasing policies, and it turned out that over 60% of the surveyed 
companies in Canada and the US had a green purchasing policy. This means 
that private, governmental and public organizations are concerned about the 
environmental issues related to their suppliers (GHGm 2008).  
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4. Studied company: Ericsson  

This chapter will give an overview of the studied company and provide an understanding of the 
organisation.   
 

Ericsson, founded in 1876, is a telecom company that provides 
communication technology and services. With more than 118 000 employees 
and customers in 180 countries, they have become the global market leader in 
Internet Protocol TV (IPTV), satellite and contribution & distribution 
compression. About 40% of the world’s mobile traffic passes through network 
equipment that has been provided by Ericsson (Ericsson 2014).  

4.1. The organization 

Ericsson has four business areas that offer products and services, figure 6 
shows how the organisation is structured. The company provides products 
such as radio systems, IP network, core sites, power modules etc. 

 

4.2. Ericsson sustainability and corporate responsibility  

On April 14, 2015 Ericsson released their sustainability report based on the 
United Nations (UN) Guiding Principles. It was the first company to issue a 
report with these frameworks, and the first Information and Communication 
Company to report its human rights disclosure through a report based on 
these accounting frameworks (UN Guiding Principles Reporting Framework 
2014).  

Figure 6: Ericsson´s organisation structure (Ericssona 2015, p.1 Organisation) 
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Ericsson implements the triple bottom line in several ways though different 
business responsibilities, environment & climate change. The company´s code 
of conduct characterizes how business is conducted globally - with no 
tolerance for corruption and bribery, setting high standards within the areas of 
responsible sourcing, environment, human rights, labour, health and safety. All 
employees are offered free training in the areas of sustainability, polices and 
requirements, and they also provide specific training on human rights issues 
especially in the relevant areas of sourcing, security and legal affairs (Ericssonb 
2015). 

One of the top priorities within Ericsson is responsible sourcing, where the 
goal is to ensure an improvement of their suppliers’ social, ethical, human 
rights and environmental standards. The suppliers have to meet the 
requirements of the company’s code of conduct that have been included in the 
signed contracts. Through a risk-based approach, the company checks that the 
suppliers meet these requirements (Ericssonb 2015). 

Ericsson has improved cooperation with their suppliers to increase 
transparency regarding conflict minerals, and have set up goals with these to 
work towards conflict-free sourcing. The company´s approach towards 
conflict minerals is based on four principals; choosing to not ban materials 
from the DRC, incorporating the Organisation for Economic Co-operating 
and Development (OECD) Due Diligence Guidance for Responsible Supply 
Chain of Minerals from Conflict-Affected and High-Risk Areas (Ericsson 
sustainability report 2015 s.19) in the current sourcing practices, setting up 
goals to trace metals all the way back to the smelters, and being a member of 
the ‘Conflict-Free Smelter Initiative’, which includes a program that makes it 
possible for smelters to become certified. On the improvement side, the 
company is trying to obtain high-quality supplier data about the metals’ 
origins, which is challenging because of the complex supply chain (Ericssonb 
2015). 

In addition to production responsibility, Ericsson also provides take-back 
services to their customers, these services is a worldwide collection of old 
products for recycling and is free of charge. The company conveys the risks 
involved in handling and treating this waste improperly, including transport, 
emission and human health risks. This program is worldwide and free of 
charge, and in 2005 they took back e-waste from 107 countries. 98 % of 
today’s take back products are recycled (Ericssonb 2015).  
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Environmental impacts can be caused by activities during the product life 
cycle (production, use and end of life treatment). Ericsson Design for 
Environment (DfE) has strategies that focus on efficiencies of material, energy 
and waste treatment to reduce this impact form each stage of the lifecycle. The 
material efficiency is controlled by a list of banned and restricted substances 
that is included in the design phase. Furthermore the products have been 
optimized on weight and volume to reduce the environmental impact from the 
transportation and material use. The products are also designed to ease the 
recovery and recycling at the waste treatment phase (Ericsson 2010). 

 

 
Figure 7: The product life cycle (Ericsson 2010, p.2) 

 

4.3. Summary of interviews 

As it mentioned in 2.2.1, several employees from different business areas in 
Ericsson were interviewed to define the surrounding environment about the 
material management within the company. The asked questions during the 
interviews are presented in Appendix 4. Table 4 present the company´s most 
important components and some of the consisted materials.  
 
Table 4: Ericsson´s important components and the materials included 

Important Components Material 1 Material 2 Material 3 Material 4 Material 5 
Printed Circuit board  Glass fiber Copper Silver Gold PGM:s 
Integrated Circuit  Silicon     
Filter  Copper Silver Aluminium   
Enclosure  Aluminium Plastics     

It was nearly impossible for the interviewees to answer all the asked questions 
and many discussions led to important conclusion that wasn´t included in the 
theory. Ericsson does not buy materials directly from suppliers or mines but 
instead components that include these materials, which make the supply chain 
an important aspect in this process. Through the company´s point of view the 
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material concentration and the producing country´s political stability is 
important due to their potential impact on the company´s present and future 
businesses. During these discussions another factor was proven to be 
important, the amount of material that the company uses. The materials with a 
high usage amount are more vulnerable than materials with low usage, the 
company will be more affected by price increases of a high usage material.     

The interviews gave input for the evaluation of the economic importance, to 
make that possible every indicator was evaluated on a scale from 0 (no risk) to 
100 (high risk). Every interviewed employee was asked to score these 
indicators through their knowledge and experiences, and then an average value 
was calculated. The assigned values are presented in Appendix 6.       
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5. Development of a new system   

This section presents the approach of the chosen system that is applicable to 
companies. It gives information about the developed system. 
 

When developing a corporate applicable system the emphasis has been put on 
an economical perspective. The economy is of importance due to the 
companies’ growth and sustainability. 

Apart from this, several factors were considered important when evaluating 
the criticality of materials. These factors are:  

- A CSR perspective of the material supply  

- Material market, open market or oligopoly 

- Safe investment for companies    

- Environmental implications  

- Supply chain risks   

- The companies’ adaptability to changes  

- The companies’ economic situation and future strategy   

- Substitutability 

 

Availability and concentration of materials  

When evaluating the criticality of material it is important to know how much 
of this material is available in the crust and how it is allocated across the world. 
Materials are not equally distributed and some areas have a higher 
concentration level than others, which make the material market uncertain. 
These aspects are important when providing the materials’ criticality, and 
therefore three indicators were included in this system: scarcity, production 
concentration and reserve concentration.  

Political stability in producing regions  

The material concentration may be further affected if it is located in politically 
unstable regions. An unstable region is critical because it can lead to 
complications within the material supply, which makes it unsafe for companies 
to invest. Therefor a political stability indicator was included to measure this 
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kind of risk. As well as the political stability, a region’s social, regulatory and 
environmental aspects should be taken into consideration.  If a material has a 
high recycling rate that will of course compensate somewhat for the lack of 
virgin resources. To cover these factors in the system, several indicators were 
chosen - policy potential, human development and recycling.  

Economic situation, future strategy and supply chain risks    

All companies are not dependent on the same materials, since they produce 
different types of products and components. Some companies are more 
sensitive to an increased cost of the material, what if a material price were to 
increase by 30%, will the company still manage to buy this material? Therefor 
an ability to pass-through cost increases indicator was included in this 
system. When a company is dependent on a specific material the company will 
most likely still buy it until it is not affordable, while others who barely use the 
material will not be affected. A material may not be of importance in the 
beginning of the product lifecycle but could be more important at the end of 
the cycle. The material will in that case be more important for the corporate 
strategy, that’s why a corporate strategy indicator was included. It is not only 
the material that is of importance, but also actors that can process a material 
into a final product or component. Some companies have a complex supply 
chain where they are dependent on a few suppliers while others have a wide 
range of suppliers. From the practical point of view the uncertain supplies can 
represent a high risk that made it necessary to include a supply chain risk 
indicator. Another important aspect is the company´s amount of material 
usage, the usage amount decides if the material is of high importance to the 
company or not. This risk was covered by including an amount of material / 
percentage of revenue indicator.  

Substitutability  

Materials that are difficult to access can cause problems such as stop in 
production and lower revenues. A possible solution could be finding a 
substitute material that shares the same performance and is more readily 
available. When substituting a material, the environmental impact will either be 
increased or decreased, and the same goes with the price. These aspects are 
included in the system, and therefore the indicators of substitute 
performance, substitute availability, environmental impact ratio and 
price ratio was included.  



39 

Innovative climate 

Restrictions placed on a material, manufacturing process or regulation can 
affect companies. Some companies possess creative and innovative employees 
and can adapt to restrictions, while others might struggle. An ability to 
innovate indicator that measures the company´s adaptability to change is 
therefore included in the system.  

The sources of indicators are both public and qualitative. The public sources 
give a hint as how the market looks today, while the qualitative sources are 
only focused on the company. Table 5 shows the sources and units of each 
indicator. 

 
Table 5: The indicators unit and source 

 
  

Indicators Unit Source 
Recycling % (UNEP) United Nations 

Environment Programme 
Static Reach Reserves Years (USGS) U.S Geological Survey 
Scarcity Ppm US Risk List 
Concentration % USGS 
Political Stability Rank WGI 
Policy Potential Rank PPI 
Human Development Rank HDI 
Percentage of Revenue or  
Amount of Material 

Rate Qualitative 

Ability to pass through-cost increases Rate Qualitative 
Corporate Strategy Rate Qualitative 
Supply Chain risk Rate Qualitative 
Substitute Performance Rate Qualitative 
Substitute Availability Rate SR 
Environmental Impact Rate EPI 
Price Ratio % London Exchange Market 
Ability to innovate Rate Qualitative 
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6. Results, The Developed System 

This section presents the developed system to assess criticality of material. It also presents the case 
study done on Ericsson and the gained results from it.    
 

Overview of the system 

The developed system uses a combination of two parts to assess critical 
material, these are: 

- Supply Risk 

- Corporate Importance 

Each material is assessed individually so a value can be produced. The parts 
are also divided into categories and indicators. 

A material is classified as critical if it has a high supply risk and corporate 
importance value. An environmental risk is measured to show the 
environmental impact each material has, this aspect is included within the 
supply risk when defining the materials criticality.  

The materials criticality will be presented in a matrix with two dimensions, 
supply risk and corporate importance, see figure 8.  

 
Figure 8: Evaluation of criticality 
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Supply risk  

The developed system´s supply risk measurement contains four categories; 
geological & technological, geological & political, social & regulatory and 
environmental risk, see figure 9. Each category consists of several indicators 
that are considered important and not changeable, the purpose is to be able to 
compare the results annually.  

Supply risk weighting  

The geological and political category in the supply risk was prioritized, and 
mainly the concentration level and political stability indicators of the 
producing countries. This could be explained by the fact that a few countries 
control a material, combined with the political stability in the country posing a 
big risk. If these countries were to stop exporting materials, it would cause 
problems for companies and nations, and it would have an immediate effect. 
The reserve countries were less prioritized due to their second priority, and the 
fact that it would take time to extract materials. For example, assume that 
China is the biggest producer of magnesium with a market share of 90%. If 
China would stop exporting, it would directly affect the market, and the 
reserve countries would have to start producing, which would take time. The 
reserve countries would not be of importance if the producing countries 
always deliver, with the assumption that the availability is endless.  

The social & regulatory and the geological & technical category shared the 
same weight. The social & regulatory category included two indicators; policy 
potential and human development, those were seen important from a social 
and sustainable point of view.  

The environmental risk category was least prioritized of the categories, but it 
did only contain one indicator. The indicator has a relatively high weight 
compared to the other indicators within the other categories, and it’s because 
the environment affects the nature, people, ecosystem, society etc. 

The geological & technical category measures the static reach reserves, scarcity 
and recycling. Recycling was seen as the most important of those indicators; it 
plays an important role in achieving a sustainable society. In order to achieve 
this, the recycling rate has to increase and play a bigger part. The two other 
indicators were seen as less important because it won’t change the risk in the 
near future. For example, the static reach reserves measure how long it would 
take to deplete the reserves, this is difficult task to estimate since new reserves 
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is discovered constantly due to new technology, figure 9 shows an overview 
with all of the indicators and its weight.  

 

Corporate importance  

The corporate importance measurement did include three different categories; 
economic importance, substitutability and innovation. Each category consists 
of several indicators that could be removed, replaced or added depending on 
what kind of system the companies prefer. The same applies to the weighting 
of the indicators – it is up to each company to individually weight the 
corporate importance indicators. 

Corporate importance recommended weighting 

Figure 10 presents the recommended standard weighting system for the 
corporate importance. This weighting has emphasis the economic part that is 
of high value for companies. The corporate importance is company-specific 
which also makes it configurable, indicators and weighting can be added, 
removed or replaced depending on the companies’ desire.  

The corporate importance has mainly focused on the economic importance. 
The usage of material could either be estimated by the percentage of revenue 
or amount of material. Percentage of revenue is recommended to use because 

Supply Risk  

Geological & 
technological 

20% 

Recycling 50% 
 

Static reach 
reserves 25% 

 
Scarcity 25% 

Geogical & 
political 

50% 

Concentration; 
Production countries 

45% 
 

Concentration; Reserve 
countries 20% 

 
Political stability; 

Production countries 
25% 

 
Political stability; Reserve 

countries 10% 

Social & 
regulatory 

20% 

Policy potential 
index 50% 

 
Human 

development 
index 50% 

Environmental 
risk 10%  

Environmental 
risk 100% 

Categories  
 
 
 
 
Indicators  
 
 
 
 
 

Figure 9: Overview of the developed systems supply risk 
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it gives a more credible results, and it not possible, the amount of material can 
be estimated. Companies are economic sensitive with its most used material, a 
minor price increase could jeopardize the profitability. The ability to pass 
through cost increases, corporate strategy and supply chain risk were also seen 
as important, due to the financial problems that could occur. 

Substitutability was the second priority and is viewed as important because 
there always has to be a ‘Plan B’. If something were to happen to the primary 
material, there must be a material that can replace it.  

The least important part of the corporate importance was the innovative 
component. This was because of the large uncertainty and the fact that there is 
no decision data - it is only based on the human factor. It is very complicated 
to estimate a company’s innovative ability, and therefore it is ranked as a low 
priority. The corporate importance overview and weighting is presented in 
figure 10.  

 

6.1. Case study on Ericsson 

Based on the interviews made within Ericsson, information about the most 
important components was obtained. Through the component’s material 
content declaration, several materials were chosen to be tested with the 
developed system.  

Corporate Importance 

Economic 
importance 

70 % 

Percentage of revenue/ 
Amount of material 43 % 

 
Ability to pass-through cost 

increases 14 % 
 

Corporate strategy 14 % 
 

Supply chain risk 29 % 

Substitutability  
25 % 

Substitute performance 
40 % 

 
Substitute availability  

20 % 
 

Environmental impact 
ratio 20 % 

 
Price ratio 20 % 

Innovation 5 % 

Ability to 
innovate 100 % 

Categories  
 
 
 
 
 
 
Indicators  
 
 
 
 
 

Figure 10: Overview of the developed systems corporate importance 
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The materials are: copper (Cu), silver (Ag), gold (Au), aluminium (Al) and 
platinum group metals (PGMs). All these materials are included in Ericsson´s 
most important components see table 6. In addition, Rare Earth Elements 
(REE) was added due to being defined as critical by EU and was also tested in 
this system. The reason for testing REE was to see if a national critical 
material could also be corporate critical. 
 
Table 6: Most important and used materials in Ericsson’s products 
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Integrated Circuit           
Filter           
Enclosure           

Result from the case study 

Figure 11 presents the criticality of the six tested materials by the developed 
system as shown in figure 9-10.  A material was considered critical if both 
criteria’s were fulfilled - a supply risk above 70 and corporate importance 
above 50. The choice of a minimum value at 50 for the corporate importance 
was due to the chosen scales in the developed system, all values above average 
were considered critical see appendix 6, figure 20-31 While the supply risk 
value of 70 was based on the U.S. Department of Justice report, a market 
concentration value above 70 was considered as a highly concentrated 
marketplace (United States Department of Justice and Federal Trade 
Commission 2006) which indicated a high supply risk.  
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Figure 11: Ericsson´s materials criticality 

Result for each of the tested materials 

The figures 12-17 present the six tested materials, each figure presents the 
material´s supply risk, corporate importance, scarcity, recycling rate, possible 
substitutes and production & reserves concentration. 

 
Figure 12: Validation - Aluminium 
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Figure 13: Validation - Copper 

 
 

 
Figure 14: Validation - Gold 
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Figure 15: Validation - Silver 

 
 

 
Figure 16: Validation - Rare Earth Elements 
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Figure 17: Validation - Platinum Group 

 

6.2. Results and analysis of the case study   

All data that was used to calculate the supply risk and substitutability is public and 
presented in appendix 7. Ten producing and reserve-holding countries were included during 
the supply risk measurement. 

The result of the system showed that Ericsson did not have any critical 
materials in their products. None of the materials fulfilled both criteria, but 
four materials fulfilled one of them, namely Al, Cu, Au and REEs. Al, Cu and 
Au have a high corporate risk while REEs have a high supply risk.  

The figures 12-17 showed each material’s supply and corporate importance; 
Al, Cu, Au, Ag and PGMs have almost equal supply risk due to the equable 
production distribution. REEs was the materials with the highest supply risk 
because of the 85 % production concentration that takes place in China 
(USGS 2015).     

The most important materials for Ericsson were aluminium and copper due to 
the company´s high amount of usage, and both of these materials scored 
highest on the corporate importance axis. Al and Cu were the most used 
materials within the company, in applications such as enclosures, cables and 
other usage areas. PGMs and REE were the least corporately critical, because 
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of the small usage amount, meaning that they would remain uncritical even if 
the price were to double or triple. The decision to include REE in the 
Ericsson test was in order to show that even if a material has a high supply 
risk and is defined as critical by national measurements, it is not necessarily 
critical for a corporation, where the usage amount plays a major role for a 
material’s criticality. 

A simplification was made to only substitute a material directly with another 
material and it will result with a minor error margin. In reality, a material can 
be substituted with several other materials; it all depends on the task and 
application. In this calculation, aluminium was substituted with copper, silver 
with gold, gold with silver, copper with aluminium, REE with other REE´s 
and PGM´s with silver. 
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7. Discussion 

This section presents a discussion of the findings from the theoretical information, with the aim of 
gaining a better understanding of the findings through two different aspects: economical and 
technical. This chapter discusses the areas: developed system, case study and supply chain. 

A critical material was defined by estimating two parts: a supply risk and a 
focus. The focus could be, among others, on the economy, environment or 
clean energy. This thesis has focused on the economical part, because that is 
what matters most for companies. Organizations pursue a good economy, 
combined with a sustainable approach. From a company perspective, this 
makes most sense because the system includes a supply risk (that contains an 
environmental risk) and an economical risk. 

7.1. The developed system 

The developed system provides a “snapshot” of how the situation for judging 
materials criticality looks today and in the near future. The market is not static; 
new reserves are continually discovered and added. The future recycling may 
increase and will contribute to a bigger share in the market as well as the 
technology development will increase the substitute opportunity. Another 
factor that can affect the result is changing regulations in the future. 

The developed system aims to help companies evaluate the criticality of the 
materials they are using. It is well known that different companies have 
different approaches, priorities and economic strengths. This system was 
designed in a way that could be adjusted and applied on different companies. 
For best possible results, the system needs to be adjusted by weight. Each 
company must emphasis the corporate importance indicators differently so it 
matches their priorities and what they see as important in their case.  

To achieve the best possible results, theoretical studies have been combined 
with practical ones. In this way the system will be comprehensive by including 
both parts. To only include the theoretical studies would have made it hard to 
apply on companies, because in theory, things seem easier than they actually 
are in real life. One example is the percentage of revenue indicator; it was very 
hard to estimate it in a big multinational company with a broad product 
portfolio. If the theory can’t be applied, it is not worth anything, so it was 
essential to combine the theory with the practical. The same thing could be 
said about the supply chain indicator - the interviews made it clear that 
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companies may depend on a number of suppliers that manage the material, 
but this risk was never mentioned in theoretical studies. 

The choice of putting the “percentage of revenue” and “amount of material” 
as one indicator had to do with that they share the same purpose. The point of 
this indicator was to estimate how dependent a company is to a certain 
material, and it could either be done by calculating the revenue or the amount. 
The percentage of revenue could be difficult to estimate and therefor the 
amount of material can be calculated instead. A recommendation is to start by 
estimating the percentage of revenue first, and if it’s not possible, the amount 
of material can be estimated. It can be explained by that the material amount 
doesn’t reveal how many of the company’s products that will be affected. 

A material isn’t always substituted with a substitute material that shares the 
same performance and features. Companies consider different options such as 
redesigning the component or product so that they use less of the material; it 
all depends on the final product. For example, a material that is vital to 
maintain a low weight on a product can’t be replaced with a substitute that has 
the same performance but five times’ higher weight. Instead, they might want 
to redesign the product so it contains less of the material. 

Many brand companies in the electronic sector don’t buy materials directly, 
but purchase finished components that contain materials. This complicates the 
estimation of the economical factor, and it is better to base the calculations on 
the component’s value to see how economically vulnerable companies are. 
This can be a tough challenge for bigger companies, who have a broad 
product portfolio, due to all the data that must be collected. Other approaches 
can be used to estimate how much volume or weight is bought of the specific 
material and calculating from there. This kind of estimation is not 100% 
correct because a material that is bought in small volumes can be used in more 
components than a material that is bought in bigger volumes. 

7.2. The case study 

The results obtained during the case study on Ericsson products are based on 
the chosen focus, which in this case was corporate importance - a total 
economic perspective. This system could also be applicable at the corporate 
level, but with a different focus, such as energy usage. This focus may have 
identified several materials as critical due to the energy usage during material 
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processing. Apart from the focus, the results were also dependent on the 
assumptions made.           

When validating each material, a limitation was made to include ten mainly 
producing and reserve-holding countries. The decision to select ten was made 
due to the timeframe and the remaining countries’ minimal amount of 
materials, which were considered as irrelevant. This led to marginally lower 
supply risk value, but still gave equitable results.           

The innovation indicator received the highest score based on the company´s 
innovation ability. Ericsson is well known as an innovative company that is 
able to adjust quickly to changing realities and also new rules and regulations, 
they have won several innovative awards and invest large sums on their R&D 
department. Being innovative and adaptable is important for companies who 
use materials in their products. For example price volatility or supply shortage 
could mean significant losses for companies. There is a great risk for 
companies that depend on a specific material and don’t find alternative 
solutions.    

The material substitution is way more complicated than it seems. Each 
material has different properties and standards, and the substituted material 
need to have a similar performance as the original material in order for it to 
work as a substitute. The products that contain materials are used to fulfil a 
task, so to be able to substitute them; the substitute materials have to be 
capable of accomplishing the same task. For example, Ericsson uses 
aluminium to enclose the final product. In theory, the aluminium could be 
substituted by steel, but technically this material is not a good substitute. The 
products need to be shielded from dust, sand and dirt, and also need to be 
able to stand cold and warm climates. Beyond that, the product’s temperature 
needs to stabilized so it won´t get too hot or too cold. Apart from these 
requirements, the product’s weight should also be considered. If aluminium is 
going to be substituted with iron, it will weigh too much to be handled easily. 
Good substitutes, as seen from the weight perspective, are plastic or metallized 
plastic, although these are not optimal choices and need to meet the other 
requirements. The substitute indicator was included in the corporate 
importance because every company’s substitute performance is unique.   
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To substitute a material is time consuming and in Ericsson’s case, to substitute 
a material, the whole design for each component has to change, which means 
starting from the beginning. Another solution is to reduce the amount of 
critical material in the components, which also requires a new design. These 
solutions are difficult for companies, especially Ericsson, to implement. 

Ericsson is a world leader within CSR, with a focus on human rights. To 
prevent having suppliers that do not meet their requirements, they investigate 
their suppliers thoroughly. Ericsson is willing to cooperate with their suppliers 
and help them improve if they fail in some aspect, and this contributes to the 
company’s willingness to help others to develop. To prevent having hazardous 
materials in their products, the company has developed a list of banned and 
restricted substances, this is included in all supplier agreements. Ericsson also 
has take-back programs that they offer their customers. The purpose of these 
programs is to take back as much of the products as possible and send them 
to recycling companies, in order to prevent the danger that may occur if these 
products are handled in an irresponsible way.    

7.3. The supply chain  

It is nearly impossible for companies’ high-up in the value chain, Original 
Equipment Manufacturers (OEMs) to know where the used material comes 
from. The ”pool” where the entire purchasing takes place is a mixed up 
source. The only priority that will decide if it is a done deal is the price. All 
buyers after the smelter or refiner operation have no idea if the bought 
material is primary-mined, recycled or even where it comes from. This 
situation occurs due to numerous suppliers that are involved in the process, 
which lead to information losses along the chain. It is also due to the fact that 
after the smelting operation all material is blended into one. 

The supply chain consists of several suppliers who deliver components and 
services; some are vital and others can easily be replaced. Complex 
components and custom-made products have fewer suppliers than others, 
because only a limited amount of suppliers has the technical know-how. It’s 
important to have a good relationship with suppliers that are hard to replace, 
otherwise it can cause problems in the supply of components. More parallel 
suppliers can reduce risks, but the most important part of the supply chain is 
the source - without a source a supply chain can’t exist. The most challenging 
part is to track the source and try to secure it, because there is no existing 
system that does this. A supply chain can consist of a lot of levels to the 
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smelters, which in turn consists of a lot of levels to the mine. The smelters 
have several inputs, such as the primary source and recycled material, and it’s 
very hard to identify where the material comes from.  

An oligopoly is an uncertain market where few players control the entire 
market. One of today’s problems is that China produces the majority of 
material at a relatively cheap price so it is not profitable for mines in other 
countries to keep up the production. This gives China the leading position, 
and in this case, it controls the material price. The Chinese production capacity 
may be based on the fact that environmental impact is not a high priority and 
that the economic benefit is the most important factor. China may also think 
that by controlling the market as a major producer, it would also gain some 
kind of power, which in this case affects industries all over the world. 
However, what will happen if China reaches a peak of high-risk environmental 
impact, and needs to modify their environmental rules and regulations? What 
will that mean for the production? What will that mean for the material 
availability? The materials do exist in Europe too, but it’s not profitable to 
mine because of today’s low price that China offers. If the material price 
increases to a certain point that makes it unbeneficial for companies to buy 
from China, more production will eventually be moved to Europe, and this 
would also result in a supply risk reduction due to a better worldwide material 
distribution. 

It is mentioned earlier that multiplying the suppliers to get hold of products is 
a strategic move that gives several supplier options and in that case reduces the 
risk. The bigger problem is what would happen if the source stops producing 
and it becomes difficult to get hold of materials? It is therefore important to 
have some clue about the source and what is going on at the other end of the 
supply chain. Today’s transparency limitation makes it hard to get this kind of 
information and that’s why companies should think about developing some 
agreements with the suppliers to gain a better picture of how the materials’ 
route through the chain looks like.       

The oligopoly is not only limited to material production, but also material 
processing. What about knowledge concentration? A material is useless if it is 
not used as it is needed - good knowledge is necessary to manufacture it in a 
correct way. For example, high-performance printed circuit boards are 
produced in Japan, where they only have two ovens that supply the world’s 
electronic companies. One of the ovens was closed for cleaning, which took 
several months to be completed, and in the same period an earthquake, which 
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destroyed the other oven, hit Japan. This situation led to production stoppages 
in the electronics industry, and caused big problems. The question is: what 
would have happened if another county had the knowledge that the Japanese 
has to produce these boards? It is similar to the material concentration; the 
knowledge in this case can also be seen as a power that makes the rest of the 
world dependent on it. So China is the big material resource, while Japan has 
the knowledge to put the material into use. This situation benefits both 
countries in different ways, and at the same time makes the rest of the world 
dependent on them and grants them power along with the supply chain. 

7.4. Errors 

Indexes in general do not give fair information. The indexes utilized in this 
report (HDI, PPI and EPI) have been criticized from several angles. Some of 
the critics claim that indexes are all about numbers and therefore easy to 
manipulate. There is even criticism towards the lack of information about 
national performance, technological and environmental data, which make 
them less reliable. These indexes also include life expectancy, income, 
education, health, etc. - important aspects in a CSR context. From another 
point of view, these indexes give adequate information to be used when 
evaluating the criticality of materials.  

The developed system uses the Human Development Index to estimate life 
expectancy, education and more. This index has been met by criticism in that 
it favours certain countries, and because the numbers may be somehow 
manipulated. Another uncertainty lies in how the index result needs to be 
transformed to be applicable in the system. The developed system uses an 
inverse solution, so countries with the best result get the lowest score. The 
HDI ranks the countries in a 0-1 scale, and the countries with the lowest and 
highest scores are Niger and Norway, respectively. Niger scored 0.337 on the 
HDI, and by inverting the number, it receives a 0.623 score, which would not 
be classified as critical. The solution that the developed system uses is to first 
invert the countries, and then add 0.337 to it. For example, Afghanistan scored 
0.468, and by transforming and adding the extra value, the final result will be 
0.869 - which is critical. 
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8. Conclusion 

This section present the conclusions that can be drawn based on the findings, future studies, it will 
also present a discussion about the made limitations that may affect the results.   
 

By using the developed system, companies can evaluate the criticality of the 
materials they are using in their products. By weighting the corporate 
importance differently to fit a company´s circumstances and situation makes it 
unique for the tested company. This system is simplified and could be further 
developed and more complex in order to obtain more precise results.     

Besides the material concentration and the other mentioned indicators there is 
an additional tool that could affect the materials criticality, knowledge. 
Without knowledge these materials could not be used in a useful way. Today, 
even the knowledge is concentrated in a few countries such as Japan, which 
make the electronic industries depended of it. 

The companies’ innovation plays a major part to solve this problem, by 
developing the production in an early stage, companies can decrease the 
critical materials usage amount. In other words, using smaller amounts of 
critical materials and improving the production to decrease the waste leads 
companies to follow a sustainable path and have a smaller environmental 
impact. The innovation indicator is difficult to measure due to it’s based on 
the human factor, but it should be put more emphasis to it since it’s important 
to find creative solutions to solve problems, as a result, companies could be 
more cost effective. 

One of the most important conclusions that need to be highlighted is that the 
theory doesn´t always work in the real world. The theory tends to paint the 
problem’s solution in a way that gives an impression that it is simple. In the 
real world, the implementation of theory is very difficult, and in the developed 
system the ‘percentage of revenue’ indicator makes it clear that the calculation 
is feasible in theory, but it is almost impossible to accomplish in a real-life 
situation.  
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None of the materials that were defined as 
critical by EU have proven to be critical for 
Ericsson, this can be partly based on the amount 
of used material. The case study showed that Al, 
Cu and Au have a high economical risk and REE 
have a high risk from a supply perspective. 
These materials are red-flagged, and only need to 

fulfil the second criteria to be critical, but the 
chance that they will do this is small due to 
today´s stable supply of these materials, and Ericsson’s small usage of REE.    

Materials that are classified as critical by a nation aren’t necessarily the same 
for a company. As it has been showed in the case study, REE is critical for the 
European Union but is not critical for Ericsson, even though Ericsson 
operates within the European Union.   

OEMs in the electronic sector often do not buy materials directly from the 
mines but instead components containing materials. Between the companies 
and the mines, there are typically 10-20 tiers of suppliers, which make it 
difficult for companies to trace material back to the material source. 

8.1. Future Studies  

To make the system even better and more accurate, a price indicator should be 
included in the supply risk that shows the price volatility for the past few years. 
A stable price point wouldn’t mean that a material is safe and won’t change in 
price, but it would signify that it is more stable than the materials that have 
high price volatility. It is all about evaluating risks, and this indicator is a good 
complement to the system. 

The current systems does not take into account dynamic mechanisms as those 
presented in this study; price increase will motivate more mining and recycling 
that will decrease the price, high risks causes the companies to look for other 
solutions etc. Such dynamic consequences based on the company’s reaction on 
expected risks should be considered. 

An important part of the developed system is that the data sources are credible 
and correct, to ensure this data should be analysed in future studies. Sources 
are credible if they are relevant in time, reliable, precise with several digits etc. 

Figure 18: Ericsson material 
situation 
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At the very end of the system development phase it occurred to the authors of 
this report how companies could reduce the risks of having critical materials. 
Every company needs to reduce the sustainability risks; one solution could be 
to minimize the usage of the critical material. Another is to stabilize the 
suppliers, which is a challenge for bigger companies that have hundreds of 
those. Other solutions could be to redesign the products to make materials 
easier to substitute, improving the manufacturing process, minimizing the 
material waste and also improving the recycling technologies. These solutions 
are both money and time consuming, but will benefit the companies in the 
long run. 

The system not only shows which materials that are critical today, but does 
also give the opportunity to evaluate long-term strategic decisions for 
concerned materials. Strategic decisions such as stockpiling (secure supply) and 
reducing demand are good examples of how to deal with critical material. This 
lowers the risk of being without the needed material. Instead of only going 
with plan A and buying the material, there is a plan B in order to deal with 
export restrictions. This topic is outside this thesis frame but could be of 
interest for future studies. 
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Appendix 1: European Commission System 

The evaluation of criticality is based on three parts, economic importance, 
supply risk and environmental country risk.  

Supply Risk  

To estimate the supply risk three main indicators was taken into account, the 
political stability of the top producing country, the substitutability and the 
recycling ability of each material.  

Political stability of producing countries 

The stability and concentration indicator is calculated by the formula: 

( )∑= CicWGI WGISHHI 2      (1) 
 

HHIWGI – a calculation method to measure a possible monopolistic behaviour.  

Sic - Share of worldwide production 

WGIc - Worldwide governance indicator to measure government 
effectiveness, see table 23.  

WGI is presented in a scale between -2.5 to 2.5. The WGI score is 
transformed to a 0 - 10 scale, and then inverted. This means that countries 
with poor governance score a higher value on the supply risk.   

The substitutability formula:   

∑= s isisi A ss     (2) 

 

is - The overall substitute index for each metal 

isA - Share in mega sectors 

iss  - The estimated substitute for each metal  
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The estimated substitute index is measured as followed: 

0.0  Easy and completely substitutable at no additional cost 

0.3 Substitutable at low cost 

0.7 Substitutable at high cost and/or loss of performance 

1.0 Not substitutable 

 

The recycling rate is indicated by the recycling ratio from old scrap to the consumption of the 
European countries  

 
Figure 19: Sketch of the European consumption of raw material 

 

The recycling formula: 

)1(Re icycling ρ−=     (3) 

pi = Recycling rate 

 

Aggregation 

To evaluate the supply risk, the three indicators that are presented above were 
put together, based on the worldwide production concentration. 

The aggregate supply risk calculation formula:    

WGIiii HHISR )1( ρs −=    (4) 
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Economic Importance 

The Economic importance is calculated as the weighted sum of each mega 
sector and divided by the European gross domestic product (GDP).  

The Economic Importance formula:  

∑=
s sisi QA

GDP
EI 1     (5) 

 
Eli - Economic Importance 

Ais - Share in mega sectors  

Qs  - Value-adding of each sector 

GDP - European Gross domestic product 

 

Environmental country risk  

The environmental country risk (EMi) is based on the share of production, 
recycling, substitutability and the environmental performance index of each 
country.  

The HHIEPI formula: 

( ) CC ICEPI EPISHHI ∑= 2     (6) 

𝐸𝐸𝐸 - Environmental performance index 

 

The Environment country risk formula:  

( ) EPIiii HHIEM ρs −= 1     (7) 

EMi - Environmental country risk  

The EM is given a value between 0 and 10, higher scores indicate a higher 
Environmental country risk. 
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Appendix 2: British Geological Survey System 

The supply risk was evaluated by assigning every indicator a score that 
matches its requirements.   

If an indicator is assigned a score of 1, it contributes a low risk, while if it 
assigns a score of 3 it indicate a high risk. All of the values will be aggregated 
and a final score will be given, a high score indicates a high supply risk.  

Scarcity  

See table 25 for ppm values for each material. 

The scarcity scores are given as: 
 
Table 7: Risk level of scarcity 

Risk Level Score Value 
Low 1 >100 ppm 
Medium 2 >1 to 100 ppm 
High 3 <1 ppm 

 

Production Concentration 

The percentage production is distributed as: 
 
Table 8: Risk level of production concentration 

Risk Level Score Value 
Low 1 <33.3 % 
Medium 2 >33.3 to 66.6 % 
High 3 > 66.6 % 

 

Reserves distribution  

The shares of global reserves are assessed as:  
 
Table 9: Risk level of reserve distribution 

Risk Level Score Value 
Low 1 <33.3 % 
Medium 2 >33.3 to 66.6 % 
High 3 > 66.6 % 
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Recycling rate 

The recycling rate for the materials distributes as: 
 
Table 10: Risk level of recycling rate 

Risk Level Score Value 
Low 1 >30 % 
Medium 2 >10 to 30 % 
High 3 <10 % 

 

Substitutability 

The risk level, score and value for the substitutability: 
 
Table 11: Risk level of substitutability 

Risk Level Score Value 
Low 1 Low or <0.3 
Medium 2 Medium or 0.3 to 0.7 
High 3 High or > 0.7 

 

Governance indicators (top producing nation & upper reserve – hosting 
nation)  

See table 23 for worldwide governance indicators: political stability 

The scores were distributed through as: 
 
Table 12: Risk level of governance indicators 

Risk Level Score Value 
Low 1 >66.6 % 
Medium 2 >33.3 to 66.6 % 
High 3 <33.3 % 
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Appendix 3: Graedel System  

Graedels system for evaluating the criticality of material is based on three 
parts: supply risk, vulnerability to supply restrictions and Ecological 
implications. 

Supply Risk 

Geological, Technical and Economic 

Depletion Time 

( ) 0
0

0
=−= ∫ dttRR

ft

t
ttf ρ     (8) 

R – Aggregate global geological reserves  

ρ – Aggregate global mining production  

t0 – The initial year  

tf – The year the reserves are depleted   
 

0ttDT f −=      (9) 

( ) ( )∫ Ψ=
t

t
dttttLt

0

´´)(´,ω     (10) 

 

Lt,t´ – Life time distribution   

ψ – Aggregate global demand  

 

( )
( )

( ) ´´
2
1 2

2

2
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dttet i

tt

i

i

ψ
π

ω s
µ−−

−

=    (11) 

µ – Average lifetime   

s – Standard deviation of the lifetime distribution   

( )
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2008,02,0100 DTDTDT dTransforme ×−×−=   (14) 

 

Companion Metal Fraction  

Production by ore type and data can be found in literature and research 
reports.  

 

Geopolitical 

Worldwide Governance Indicator - Political Stability  

See data in table 23.  

Global Supply concentration  

∑
=

=
N

i
iSHHI

1

2     (15) 

HHI is a calculation index that is used to recognize monopolistic behaviour. 
It’s calculated by the sum of the squares of countries production. 

( ) 18,61ln5,17 −×= HHIGSC    (16) 

GSC – Global supply concentration  

 

Social and regulatory 

Policy Potential Index 

∑=
×=

N

i iii PCTPPIPPI
1

    (17) 

𝐸𝐸𝐸𝑖 - Policy Potential Index 

𝑇𝐸𝐸𝐸𝑖 - Transformed PPI Score (see table Social and Regulatory) 
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Human Development Index 

∑=
×=

N

i iii PCTHDIHDI
1

    (18) 

𝐻𝐻𝐸𝑖 – Human Development Index 

𝑇𝐻𝐻𝐸𝑖 - Transformed HDI Score (see table Social and Regulatory) 

 

Ecological Implications 

( )20)1intRelog10 ×+= sCiPEpoECOI    (19) 

𝐸𝐸𝐸𝐸 - Ecological Implications  

ReCiPE points - human health and ecosystem parameters 

 

Vulnerability to supply restriction 

 Importance 
 
Table 13: Importance intervals 

Score 
Range 

Default 
Score 

Revenue 
Impacted 

Ability to pass through 
cost Increases 

Corporate Strategy 

75-100 87.5 > 5% Practically impossible Essential 
50-75 62.5 > 2.5 – 5% Difficult Important 
25-50 37.5 0.5 – 2.5% Possible Moderately important 
0-25 12.5 > 0.5% Relatively easy Less important 

 

 Substitutability 

Substitute Performance 
Table 14: Substitute performance 

Score Range Default Score Evaluation 
75-100 87.5 Poor substitute 
50-75 62.5 Adequate substitute 
25-50 37.5 Good substitute 
0-25 12.5 Exemplary substitute 

Substitute Availability 

The availability is obtained by calculating the substituted metals supply risk 
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Environmental Impact 

focusofMaterial

Substitute

EI
EIEI

__

50×=     (20) 

If the ratio of the substituted material and the material of focus is ≥ 2, the 
default score will be 100.  

 

Price Ratio 

focusofMaterial

Substitute

ice
icePR

__Pr
Pr50×=    (21) 

If the price of the substitute is ≥ 100% than the material of focus, the default 
score will be 100. The new price ratio (PR) that occur through the substitution 
can be calculated by dividing the price of the substitute material by the price of 
the materials that is been using today. 

 

Ability to innovate 
 
Table 15: Ability to innovate 
Score Range Default Score Ability to innovate 
75-100 87.5 Bad 
50-75 62.5 Adequate 
25-50 37.5 Good 
0-25 12.5 Very Good 
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Appendix 4: Interview Questions   

- Which components are critical (very important) for Ericsson? 

- Which materials do these components include? 

- Which material is considered as most important? 

- How much does this material affect the percentage of revenue or how much 
is the material usage? 

- What will happen if the cost of this material increased? 

- How will cost increase affect the company? 

- How important is this material to the corporate strategy? 

- Can this material be substituted? 

- How is the substitute performance for this material? 

- How does the substitute availability look like today? 

- How does the environmental impact of the material look like? 

- How does the environmental impact of the substitute look like? 
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Appendix 5: The Developed System 

The developed system is based on three parts: supply risk, corporate 
importance and environmental risk. 

Supply Risk 

Geological and technological 

Recycling 

See recycling rates in table 26 

The recycling formula: 

( )icycling ρ−= 1Re     (22) 

 

Static Reach Reserves 

The static reach reserves formula: 

oduction
servesSRRi Pr

Re
=     (23) 

 
Table 16: Developed systems risk level of static reach reserves 

Risk Level Score Static Reach Reserves (years) 
Very High 100 0 < 𝑥 < 25 
High 80 25 ≤ 𝑥 < 50 
Medium 60 50 ≤ 𝑥 < 75 
Low 40 75 ≤ 𝑥 < 100 
Very Low 20 100 ≤ 𝑥 

 

Scarcity 

See table 25 for ppm values for each material. 
 
Table 17: Developed systems risk level of scarcity 

Risk Level Score Scarcity (ppm) 
Very High 100 0 < 𝑥 < 0,1 
High 80 0,1 ≤ 𝑥 < 1 
Medium 60 1 ≤ 𝑥 < 10 
Low 40 10 ≤ 𝑥 < 100 
Very Low 20 100 ≤ 𝑥 

 



74 

Geopolitical 

The calculations are based on the top ten producing and reserve-holding 
countries. 

Concentration; Production countries 

∑
=

=
N

i
iSHHI

1

2     (24) 

HHI is a calculation index that is used to recognize monopolistic behaviour. 
It’s calculated by the sum of the squares of countries production 

18,61)ln(5,17 −×= HHIGSC    (25) 

GSC - Global Supply Concentration 

  

Concentration; Reserves countries 

Same calculation model as GSC is applied. 

 

Political Stability; Production countries 

∑
=

×=
N

i
iii PCTPSPS

1

    (26) 

PSi - Political Stability 

TPSi - Graedels Transformed Score, see table 23 

PCi - Production Concentration 

 

 Political stability; Reserve countries 

∑
=

×=
N

i
iii RCTPSPS

1

    (27) 

PSi - Political Stability 

TPSi - Graedels Transformed Score, see table 23 

RCi - Reserve Concentration 
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Social and regulatory 

 Policy Potential Index 

∑
=

×=
N

i
iii PCTPPIPPI

1

    (28) 

PPIi – Policy Potential Index 

TPPIi – Transformed PPI score, see table 24 
 

 Human Development Index 

∑
=

×=
N

i
iii PCTHDIHDI

1

    (29) 

HDIi – Human Development Index 

THDIi – Transformed HDI score, see table 24 
 

Environmental Risk 

 Environmental risk 

The environmental country risk formula: 

( )∑ ×=
i ici SEPIEM     (30) 

EMi – Environmental country risk 

EPIi – Environmental performance index 

Corporate Importance 

Economic Importance 
Table 18: Developed systems risk level of economic importance 

Risk  
Level 

Score Percentage of 
Revenue or 

Usage of Material 

Ability to pass 
through cost 

increases (by 30%) 

Corporate 
Strategy 

Supply 
Chain 

Very  
High 

100 >5% Very high 
usage 

Nearly Impossible Essential Very 
high risk 

High 
 

80 2,5-5% High usage Difficult Important High risk 

Medium 60 0,5-
2,5% 

Moderate Partially Possible Moderate Moderate 

Low 40 0-0,5% Low usage Relatively Easy Less 
important 

Less 
Risk 

Very  
Low 

20 0% No usage Very Easy Not 
important 

No Risk 
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Substitutability 

Substitute Performance 
Table 19: Developed systems risk level of substitute performance 

Risk Level Score Evaluation 
Very High 100 Poor substitute 
High 80 Less poor substitute 
Medium 60 Moderate 
Low 40 Good substitute 
Very Low 20 Exemplary substitute 

 

 Substitute Availability 

The availability is obtained by calculating the substituted metals supply risk 

 

 Environmental Impact 

focusofMaterial

Substitute

EI
EIEI

__

50×=     (31) 

If the ratio of the substituted material and the material of focus is ≥ 2, the 
default score will be 100.  

 

 Price Ratio 

focusofMaterial

Substitute

ice
icePR

__Pr
Pr50×=    (32) 

 

If the price of the substitute is ≥ 100% than the material of focus, the default 
score will be 100. The new price ratio (PR) that occur through the substitution 
can be calculated by dividing the price of the substitute material by the price of 
the materials that is been using today. 
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Innovation 
 
Table 20: Developed systems risk level of innovation 

Risk Level Score Ability to innovate 
Very High 100 Not innovative 
High 80 Less innovative 
Medium 60 Moderate 
Low 40 Innovative 
Very Low 20 Very innovative 

 

It’s up the each company experts to determine how innovative they are. They 
need to rank how innovative the company is in a 0-100 scale, where 20 stands 
for very innovative and 20 for not being innovative. 
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Appendix 6: Ericsson data and values 

Aluminium 

Supply Risk 

 

 

Figure 20: Supply risk values - Aluminium 
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 Figure 21: Corporate Importance & Environmental Impact - Aluminium 
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Copper 

 

Supply Risk 

 

 

Figure 22: Supply risk values - Copper 
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Figure 23: Corporate Importance & Environmental Impact - Copper 
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Gold 

Supply Risk 

 

 

 

Figure 24: Supply risk values - Gold 
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 Figure 25: Corporate Importance & Environmental Impact - Gold 
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Silver 

Supply Risk 

 Figure 26: Supply risk values - Silver 
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Figure 27: Corporate Importance & Environmental Impact - Silver 
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Rare Earth Elements 

  Supply Risk 

 

 

Figure 28: Supply risk values - Rare Earth Elements 
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Figure 29: Corporate Importance & Environmental Impact - Rare Earth Elements 
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Platinum Group 

Supply Risk 

 

 

Figure 30: Supply risk values - Platinum Group 
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Figure 31: Corporate Importance & Environmental Impact - Platinum Group 
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Appendix 7: Data 

Political Stability (World Bank Group 2014) 

 
Table 21: Worldwide Governance Indicator 
 Worldwide Governance Indicators - Political Stability 2013 

 Rank Graedel BGS Estimate EU 
Country Original Score Transformed 

Score 
Transformed 

Score 
Original Score Transformed Score 

Angola 35,55 64,45 2 -0,37 5,74 
Argentina 48,82 51,18 2 0,06 4,88 
Australia 83,41 16,59 1 1,02 2,97 
Bolivia 36,49 63,51 2 -0,35 5,70 
Botswana 84,83 15,17 1 1,06 2,89 
Brazil 36,97 63,03 2 -0,28 5,56 
Bulgaria 54,50 45,50 2 0,18 4,65 
Burkina Faso 21,80 78,20 3 -0,75 6,51 
Cambodia 40,28 59,72 2 -0,16 5,31 
Canada 83,89 16,11 1 1,03 2,94 
Central African Republic 3,32 96,68 3 -2,15 9,29 
Chile 60,19 39,81 2 0,37 4,25 
China 27,01 72,99 3 -0,55 6,09 
Colombia 10,90 89,10 3 -1,27 7,54 
D.R of Congo 2,37 97,63 3 -2,23 9,46 
Dominican Republic 55,45 44,55 2 0,19 4,63 
Ecuador 39,81 60,19 2 -0,20 5,39 
Egypt 7,11 92,89 3 -1,62 8,24 
Eritrea 20,38 79,62 3 -0,78 6,55 
Ethiopia 8,06 91,94 3 -1,39 7,79 
Fiji 45,97 54,03 2 -0,03 5,05 
Finland 97,16 2,84 1 1,36 2,28 
France 61,61 38,39 2 0,42 4,15 
Ghana 47,39 52,61 2 0,02 4,96 
Greece 39,34 60,66 2 -0,20 5,40 
Guatemala 23,70 76,30 3 -0,69 6,39 
Guinea(Conakry) 11,37 88,63 3 -1,23 7,45 
Guyana 31,75 68,25 3 -0,44 5,88 
Honduras 30,33 69,67 3 -0,47 5,93 
Hungary 69,67 30,33 1 0,78 3,44 
India 12,32 87,68 3 -1,19 7,37 
Indonesia 28,91 71,09 3 -0,50 6,00 
Ireland 73,93 26,07 1 0,88 3,24 
Kazakhstan 34,60 65,40 2 -0,38 5,76 
Kenya 13,74 86,26 3 -1,15 7,30 
Kyrgyzstan 19,43 80,57 3 -0,91 6,82 
Lesotho 58,29 41,71 2 0,33 4,35 
Liberia 31,28 68,72 3 -0,46 5,92 
Madagascar 23,22 76,78 3 -0,71 6,43 
Malaysia 47,87 52,13 2 0,05 4,90 
Mali 6,64 93,36 3 -1,69 8,37 
Mauritania 17,54 82,46 3 -1,02 7,03 
Mexico 22,75 77,25 3 -0,74 6,48 
Mongolia 63,98 36,02 2 0,50 4,00 
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Morocco 29,38 70,62 3 -0,50 6,00 
Mozambique 37,44 62,56 2 -0,27 5,54 
Myanmar 13,27 86,73 3 -1,15 7,31 
Namibia 77,25 22,75 1 0,93 3,14 
New Zealand 98,58 1,42 1 1,45 2,10 
Nicaragua 37,91 62,09 2 -0,25 5,49 
Niger 9,95 90,05 3 -1,30 7,59 
Nigeria 3,79 96,21 3 -2,08 9,16 
Norway 94,79 5,21 1 1,33 2,34 
Panama 41,71 58,29 2 -0,13 5,27 
Papua New Guinea 27,96 72,04 3 -0,52 6,05 
Peru 20,85 79,15 3 -0,77 6,54 
Philippines 16,59 83,41 3 -1,06 7,12 
Poland 78,67 21,33 1 0,95 3,10 
Portugal 68,72 31,28 1 0,74 3,52 
Romania 52,61 47,39 2 0,15 4,69 
Russia 22,27 77,73 3 -0,75 6,50 
Serbia 42,65 57,35 2 -0,10 5,19 
Sierra Leone 40,76 59,24 2 -0,15 5,31 
Solomon Islands 59,72 40,28 2 0,37 4,26 
South Africa 44,08 55,92 2 -0,06 5,12 
Spain 46,92 53,08 2 0,01 4,97 
Sudan 2,84 97,16 3 -2,20 9,40 
Suriname 53,08 46,92 2 0,16 4,68 
Sweden 90,52 9,48 1 1,13 2,75 
Tanzania 41,23 58,77 2 -0,15 5,30 
Thailand 9,00 91,00 3 -1,32 7,64 
Turkey 11,85 88,15 3 -1,19 7,39 
Uganda 19,91 80,09 3 -0,84 6,68 
Uruguay 71,09 28,91 1 0,81 3,38 
USA 65,88 34,12 2 0,61 3,78 
Venezuela 16,11 83,89 3 -1,08 7,15 
Vietnam 55,92 44,08 2 0,22 4,55 
Zambia 60,66 39,34 2 0,39 4,22 
Zimbabwe 24,17 75,83 2 -0,69 6,38 
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Social and Regulatory 

(UNDP 2010, UNDP 2015) 

 
Table 22: The original and transformed scores for PPI and HDI 
 Policy Potential Index, 2014 Human Development Index, 2013 

Country Original 
Score 

Transformed 
Score 

Original 
Score 

Transformed 
Score 

Angola 42,4 57,6 0,526 52,6 
Argentina 54,6 45,4 0,808 80,8 
Australia 67,5* 32,5 0,933 93,3 
Bolivia 41,1 58,9 0,667 66,7 
Botswana 71,5 28,5 0,683 68,3 
Brazil 58,5 41,5 0,744 74,4 
Bulgaria 30,2 69,8 0,777 77,7 
Burkina Faso 59,1 40,9 0,388 38,8 
Cambodia 45,9 54,1 0,584 58,4 
Canada 76,0* 24,0 0,902 90,2 
Central African Republic 34,0 66,0 0,341 34,1 
Chile 77,2 22,8 0,822 82,2 
China 39,8 60,2 0,719 71,9 
Colombia 55,2 44,8 0,711 71,1 
D.R of Congo 52,8 47,2 0,338 33,8 
Dominican Republic 36,6 63,4 0,700 70,0 
Ecuador 45,9 54,1 0,711 71,1 
Egypt 28,6 71,4 0,682 68,2 
Eritrea 46,7 53,3 0,381 38,1 
Ethiopia 35,0 65,0 0,435 43,5 
Fiji 58,4 41,6 0,724 72,4 
Finland 83,8 16,2 0,879 87,9 
France 55,1 44,9 0,884 88,4 
Ghana 60,4 39,6 0,573 57,3 
Greece 32,2 67,8 0,853 85,3 
Guatemala 29,7 70,3 0,628 62,8 
Guinea(Conakry) 48,5 51,5 0,396 39,6 
Guyana 58,1 41,9 0,638 63,8 
Honduras 26,0 74,0 0,617 61,7 
Hungary*** 20,5 79,5 0,818 81,8 
India 53,2 46,8 0,586 58,6 
Indonesia 47,4 52,6 0,684 68,4 
Ireland 78,3 21,7 0,899 89,9 
Kazakhstan 49,4 50,6 0,757 75,7 
Kenya 21,8 78,2 0,535 53,5 
Kyrgyzstan 39,1 60,9 0,628 62,8 
Lesotho*** 35,6 64,4 0,486 48,6 
Liberia*** 51,1 48,9 0,412 41,2 
Madagascar 57,8 42,2 0,498 49,8 
Malaysia 14,1 85,9 0,773 77,3 
Mali 45,4 54,6 0,407 40,7 
Mauritania 43,7 56,3 0,771 77,1 
Mexico 67,6 32,4 0,756 75,6 
Mongolia 44,3 55,7 0,698 69,8 
Morocco 64,0 36,0 0,617 61,7 
Mozambique 46,1 53,9 0,393 39,3 
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Myanmar 61,1 38,9 0,524 52,4 
Namibia 72,4 27,6 0,624 62,4 
New Zealand 61,6 38,4 0,910 91,0 
Nicaragua 52,8 47,2 0,614 61,4 
Niger 36,5 63,5 0,337 33,7 
Nigeria 30,4 69,6 0,504 50,4 
Norway 62,3 37,7 0,944 94,4 
Panama 52,0 48,0 0,765 76,5 
Papua New Guinea 48,5 51,5 0,491 49,1 
Peru 69,6 30,4 0,737 73,7 
Philippines 37,2 62,8 0,660 66,0 
Poland 44,4 55,6 0,834 83,4 
Portugal 60,2 39,8 0,822 82,2 
Romania 32,0 68,0 0,785 78,5 
Russia 53,0 47,0 0,778 77,8 
Serbia 36,9 63,1 0,745 74,5 
Sierra Leone 36,5 63,5 0,374 37,4 
Solomon Islands 27,3 72,7 0,491 49,1 
South Africa 52,6 47,4 0,658 65,8 
Spain 40,0 60,0 0,869 86,9 
Sudan*** 31,0 69,0 0,473 47,3 
Suriname 42,6 57,4 0,705 70,5 
Sweden 78,1 21,9 0,898 89,8 
Tanzania 57,6 42,4 0,488 48,8 
Thailand 43,4 56,6 0,722 72,2 
Turkey 46,2 53,8 0,759 75,9 
Uganda 42,6 57,4 0,484 48,4 
Uruguay 44,6 55,4 0,790 79,0 
USA 71,0* 29,0 0,914 91,4 
Venezuela 37,6 62,4 0,764 76,4 
Vietnam 44,3 55,7 0,638 63,8 
Zambia 66,2 33,8 0,561 56,1 
Zimbabwe 37,4 62,6 0,492 49,2 

 

* The PPI results for Australia, Canada and USA are obtained by calculating a 
mean value of the countries states.  
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Scarcity - Crustal Abundance 

(BGS 2012) 
 
Table 23: Scarcity - Crustal abundance in ppm 
Scarcity - Abundance in ppm     

Ag 0,055 Ge 1,3 Pr 4,9 
Al 84149 Hg 0,03 Pt 0,0015 
As 2,5 Ho 0,77 Re 0,000188 
Au 0,0013 I 0,71 Ru 0,00057 
B 11 In 0,052 S 404 

Ba 456 Ir 0,000037 Sb 0,2 
Be 1,9 K 15025 Se 0,13 
Bi 0,18 La 20 Sm 3,9 
Br 0,88 Li 16 Sn 1,7 
Cd 0,08 Lu 0,3 Sr 320 
Ce 43 Mg 28104 Ta 0,7 
Co 26,6 Mn 774 Tb 0,6 
Cr 135 Mo 0,8 Th 5,6 
Cu 27 Na 22744 Ti 4136 
Dy 3,6 Nb 8 Tm 0,28 
Er 2,1 Nd 20 U 1,3 
Eu 1,1 Ni 26,6 V 138 
F 553 Os 0,000041 W 1 

Fe 52157 P 567 Yb 1,9 
Ga 16 Pb 11 Zn 72 
Gd 3,7 Pd 0,0015 Zr 132 

 

Recycling Rates 

 
Table 24: Recycling rates in percentage 
Recycling rates in percentage     

Al 42 Au 40 PGMs* 36 
Ag 58 Cu 43 REE* 1 

 

* PGMs and REE are a group of materials, the figures is an average.  
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