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1 Introduction 

Most Renewable Energy Technologies (RET) require metals for their production, many of 

which (especially bulk materials such as steel or aluminium) are still abundant, while others 

are rare or restricted in terms of supply. Wind turbines, for example, need very strong 

permanent magnets to be efficient, for which rare earth elements are required. Photovoltaic 

technologies, which were long based primarily on silicon, are now increasingly built with 

compounds using, amongst other elements, cadmium, gallium, germanium and tellurium, in 

combination with silver.   

This Progress Report intends to measure the metal supply risks for different resource 

scenarios towards energy transition, both globally and for Austria. It should be noted that the 

report focuses on the gross metal requirements for RETs, and that no substitution effects 

(e.g. a reduction in fossil based engines) are taken into account.  

The report starts off with the definition of two energy transition scenarios (reference, 

advanced) in chapter 2 which were selcteted for the global as well as the Austrian level with 

a time horizon until 2050. The chapter gives an overview on the methodology, data sources 

and assumptions for these energy scenarios.  These energy demand scenarios will be 

translated into RET metal requirements for the world and for Austria (chapter 3). Sectoral 

demand profiles (RET and non-RET) for key metals will be analysed in section 3.1. Based on 

the metal requirements for RETs, 3 resource scenarios are defined in a global context and 

related to possible scarcities of metal resources. These inputs will be used as the basis for a 

sensitivity analysis in the risk assessment of the REF and ADV  energy transition scenarios 

(in chapter 7).   

Chapter 4 will provide an overview of the most common supply-side risks concerning the 

availability of relevant metals and minerals; summarised as technology, economical-political 

and ecological related aspects. Chapter 5 looks at the increasing competition from countries, 

companies and technologies for RET metal resources, as well as at the available strategies 

to respond to resource scarcities.  

Chapter 6 gives an in-depth analysis of the bulk and special materials required for RETs, 

resulting in a list of vulnerable resources in relation to the expansion of renewable energy 

related applications. Chapter 7 deals with the methodology and the results of the supply and 

price risk assessments for key RET metals under the different energy-resource scenario 

combinations.  

Chapter 8 summarises the conclusions and discusses the quality of the results.  

 

 

 

2 Scenarios towards an energy transition 
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In order to depict the various ways future metal demand and supply could evolve we 

developed two sets of scenarios considering 1) different energy transition paths (energy 

scenarios) and 2) various factors affecting resource availability (resource scenarios). This 

chapter outlines the first set of scenarios and describes the sources and assumption they 

were based on, the resource scenarios are outlined in chapter 3.2. 

2.1 Introduction 

In order to assess the material demand for the expansion of renewable energies, the future 

use of renewable energies needs to be described. This was done by elaborating energy 

scenarios that describe (1) the use of renewable energies if current policies do not change 

(Reference Scenario REF) and (2) a political focus on renewable energies leading to a 

maximum use (Advanced Scenario ADV).  

As the focus of ―Feasible Futures‖ lies on the analysis of possible resource scarcities of 

critical minerals, the project team made use of existing energy scenarios – amended only in 

those parts where additional assumptions were needed. The selection of energy scenarios to 

build on was led by the idea to simulate a very strong development of RETs as this would 

most probably demonstrate limits of resource use.  

The energy scenarios were developed on two scales: global and Austria. The scenarios on 

the global scale are needed in order to assess the total material use for RETs – and thus to 

describe the international competition for resources. The Austrian energy scenarios are 

needed in more detail, as they are also simulated in the e3.at model in order to describe 

economic impacts of energy transition paths. 

2.2 Method 

In a first step, global and Austrian Energy scenarios were reviewed and compared in order to 

select those that best meet the aims of the project: a description of very ambitious RETs-

expansion and corresponding baseline scenarios, good data material and reasonable 

assumptions to build on. 

Global scale: 

 The Energy [R]evolution report by Greenpeace International and the European 

Renewable Energy Council (Greenpeace and EREC 2010) was selected as basis for 

the global energy scenarios..  

The objective of the Energy [R)]Evolution scenarios is to depict a future energy system that 

supports the aim to keep global warming at 2°C maximum and works without the use of 

nuclear power.  

Austrian level: 
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Data for the reference scenario (REF) are based on the ―e-co‖ project where the e3.at model 

was applied previously (Bohunovsky et al. 2010a, Bohunovsky et al. 2010b). The time 

horizon of the ―e-co‖ project was 2030 so these data had to be projected until 2050. 

Data for renewable energy potentials were taken partly from the study of Streicher et al. 

(2010) and compared with other studies (Christian et al. 2011, Renner et al. 2010, Bliem et 

al. 2011). 

2.3 Global scenarios 

2.3.1 Short characterisation of scenarios 

Reference Scenario 

The reference scenario of the Energy (R)Evolution report is based on the reference scenario 

in the International Energy Agency‘s 2009 World Energy Outlook (IEA, 2009).  

This scenario only takes existing international energy and environmental policies into 

account1. Its assumptions include, for example, continuing progress in electricity and gas 

market reforms, the liberalisation of cross-border energy trade and recent policies designed 

to combat environmental pollution. The Reference scenario does not include additional 

policies to reduce greenhouse gas emissions. As the IEA‘s projection only covers a time 

horizon up to 2030, it has also been extended by extrapolating its key macroeconomic and 

energy indicators forward to 2050. This provides a baseline for comparison with the Energy 

[R]evolution scenarios. 

 

Energy (R)Evolution Scenarios 

Greenpeace and EREC (2010) distinguish between an Energy (R)Evolution Scenario and an 

Advanced Energy (R)Evolution Scenario: The Energy [R]evolution Scenario aims at the 

reduction of worldwide carbon dioxide emissions down to a level of around 10 Gigatonnes 

per year by 2050 (in order to keep the increase in global temperature under +2°C) and a 

global phasing out of nuclear energy.  

The Advanced Energy [R]evolution Scenario is aimed at a stronger decrease in CO2 

emissions (3,3 Gt CO2 emissions by 2050), reflecting the uncertainty that a reduction of CO2 

emissions to 10 Gigatonnes in 2050 might still be too much to avoid dangerous climate 

change. This means an overall reduction of CO2 emissions of 84% from 1990 levels in the 

Advanced Energy [R]evolution Scenario. 

Both Energy [R]evolution Scenarios are based on very ambitious assumptions regarding 

development of energy efficiency and dissemination of renewable energy technologies, but 

the assumptions in the Advanced Energy [R]evolution Scenario are in some aspects more 

ambitious (Greenpeace and EREC (2010): 48): 

                                                           
1
 “The Reference Scenario is most definitely not a forecast of what will happen but a baseline picture of how 

global energy markets would evolve if governments make no changes to their existing policies and measures,” 
(IEA, 2009: 73). 
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 Lower energy demand in the transport sector resulting from a change in driving 

patterns and a faster uptake of efficient combustion vehicles and – after 2025 – a 

larger share of electric and plug-in hybrid vehicles. 

 Stronger development of renewables in the heating sector: faster expansion of the 

use of district heat and hydrogen and more electricity for process heat in the industry 

sector. More geothermal heat pumps. Faster expansion of solar and geothermal 

heating systems. 

 In developing countries in particular, a shorter operational lifetime for coal power 

plants, of 20 instead of 40 years, has been assumed in order to allow a faster uptake 

of renewables. 

 Higher share of fluctuating renewable power generation (photovoltaic and wind) 

facilitated by implementation of smart grids, faster expansion of super grids and a 

speedier introduction of electric vehicles. 

For further modelling in “Feasible Futures” the Reference Scenario (REF) and the Advanced 

Energy [R]evolution Scenario (ADV) were chosen. 

 

2.3.2 Basic scenario assumptions 

The global energy scenarios (Reference as well as Energy (R)Evolution Scenarios) are 

developed by using a multi-region model in order to reflect the significant structural 

differences between different countries‘ energy supply systems (Greenpeace and EREC 

(2010): 50). The International Energy Agency breakdown into 10 world regions is used. The 

world regions are: OECD Europe, OECD North America, OECD Pacific, Transition 

Economies, India, China, Other Developing Asia, Latin America, Africa and Middle East. 

Different parameter assumptions for the different world regions are applied. 

Assumptions on population and GDP growth are the same in all global scenarios. Projections 

on population development are based on data from the United Nations Development 

Programme (UNDP). Global population is expected to grow to 9.1 billion people in 2050 with 

big differences in regional population growth. The projections for regional GDP growth until 

2030 are taken from the World Energy Outlook 2009 (IEA, 2009), after 2030 the growth rates 

are based on own assumptions from the study authors. There is a trend of falling growth 

rates assumed (globally and in most world regions), but significant global GDP growth 

remains until 2050. The global GDP growth rate between 2007 and 2015 is 3.3%, between 

2040 and 2050 this rate is 2.44% leading to an average global rate in GDP growth of 2,86% 

between 2007 and 2050 (Greenpeace and EREC (2010): 51). 

Other important assumptions regard projections for oil and gas prices, and cost projections 

for renewable energy technologies.  The oil price in the Energy (R)Evolution Scenarios is 

projected to be 130 Dollar/barrel in 2020 and 150 Dollar/barrel from 2030 to 2050 and thus 

higher compared to price projections in the World Energy Outlook 2009 (Greenpeace and 

EREC (2010): 52). Assumptions on future costs for renewable electricity technologies in the 

Energy [R]evolution scenario are derived from a review of learning curve studies. Investment 
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costs in the Advanced Energy (R)Evolution Scenario fall a bit quicker than in the Energy 

(R)Evolution Scenario but the differences are not very big (Greenpeace and EREC (2010): 

54ff.) 

 

2.3.3 Specific scenario assumptions and scenario outcomes 

Energy intensity and global energy demand by sector 

Due to a focus on energy efficiency measures energy intensity (measured in energy 

consumption per unit of GDP) falls significantly quicker in the Energy (R)Evolution Scenarios 

than in the Reference Scenario. Under the Reference Scenario energy intensity is reduced 

by about 56% between 2007 and 2050 whereas under the Energy [R]evolution scenario 

energy intensity is reduced by almost 73% between 2007 and 2050. The Advanced Energy 

[R]evolution scenario follows the same efficiency pathway as the Energy [R]evolution 

scenario, apart from the transport sector, where a further reduction of 17% due to less 

vehicle use and lifestyle changes is assumed.  

Global final energy demand rises in all scenarios though only very moderately in the Energy 

[R]evolution scenarios, thus final energy demand is almost completely decoupled from 

economic growth in these scenarios. The following figure shows the projections of global final 

energy demand by sector (transport, industry, other sectors). 

Figure 1: Projection of total final energy demand by sector for the three scenarios (REF, E(R), adv. E(R)). Source: 
Greenpeace and EREC (2010): 66 

 

 

Expansion of renewable energy technologies 

The following figure shows a breakdown of primary energy consumption2 by energy sources. 

Nuclear energy is completely phased out by 2050 in the Energy (R)Evolution Scenarios and 

                                                           
2
 Primary energy demand in the Energy (R)Evolution Scenarios is moderately lower in 2050 than in 2007 

whereas final energy demand is moderately higher in 2050. This difference can be explained by more 
favourable conversion factors (from primary energy to final energy) for renewable electricity technologies. The 
amount of electricity generation from hydro, wind, solar and geothermal energy equals primary energy 
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the usage of fossil fuels (coal, oil, natural gas) is steadily reduced in these scenarios 

whereas fossil fuel usage is still rising in the Reference Scenario. Renewable energy sources 

(hydro, wind, biomass, solar, geothermal, ocean energy) are steadily expanded in the Energy 

(R)Evolution Scenarios whereas they remain marginal in the Reference Scenario. 

 

Figure 2: Development of primary energy consumption by energy sources. Source: Greenpeace and EREC (2010): 72 

 

 

The share of renewable energy sources (related to primary energy demand) in the Advanced 

Energy (R)Evolution Scenario rises to 39% in 2030 and to 80% in 2050, in the Energy 

(R)Evolution Scenario this share rises to almost 60% in 2050 whereas in the Reference 

Scenario it remains more or less constant (at about 15%; see the following figure). 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                                                                                     
consumption whereas electricity from fossil fuels has a conversion factor from about 2 (depending on the 
technology) meaning that it takes 2 units of fossil primary energy to produce one unit of electricity.   
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Figure 3: Share of renewable energy sources in primary energy demand. 

 

 

Electricity demand is expected to rise significantly in all three scenarios. In the Energy 

(R)Evolution Scenarios the rise in electricity demand is mainly caused by a strong rise of 

electricity demand for transport. There is also a rise in electricity demand from the other 

sectors but much more moderate compared to the rising electricity demand for transport. 

Thus, the energy mix becomes more dependent on electricity, especially in the Energy 

(R)Evolution Scenarios.  

 

Figure 4: Global development of electricity generation by energy sources under the three scenarios. Source: Greenpeace 
and EREC (2010): 68 

 

 

Electricity generation is the sector with the highest renewable share in 2050 in the Energy 

(R)Evolution Scenarios (79% in the Energy (R)Evolution Scenario, 95% in the Advanced 
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Energy (R)Evolution Scenario). Wind, solar thermal and PV dominate in 2050 followed by 

hydro, biomass, geothermal, ocean energy, natural gas and coal. 

Totally installed capacities for electricity generation are rising quicker in the Energy 

(R)Evolution Scenarios than in the Reference Scenario (and also quicker than generated 

electricity). This is due to the fact that a certain generation capacity of a renewable 

technology that is strongly characterised by intermittency (like wind and PV) produces less 

over the year compared to the other electricity generation options with a (more) stable 

generation characteristic. Wind and PV are those technologies with the highest installed 

electricity generation capacities in the Advanced Energy (R)Evolution Scenario (see figure 

below). 

 

Figure 5: Development of installed electricity generation capacities (in GW) in the Reference and the Advanced Energy 
(R)Evolution Scenario. 

 

 

Installed renewable capacity rises from 1.080 GW in 2007 to 9.585 GW in 2050 in the Energy 

(R)Evolution Scenario, respectively to 13.229 GW in the Advanced Energy (R)Evolution 

Scenario. 

In the Energy [R]evolution scenario, renewables provide more than 71% of global heating 

demand by 2050, in the Advanced Energy [R]evolution scenario 91% (Greenpeace and 

EREC 2010: 71).  

The main elements of this shift are: 

 Energy efficiency measures can decrease the current per capita demand for heat 

supply by 24% in spite of improving living standards. 

 For direct heating, solar collectors, biomass/biogas as well as geothermal energy will 

increasingly substitute for fossil fuel-fired systems. 
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 A shift from coal and oil to natural gas in the remaining conventional applications will 

lead to a further reduction in CO2 emissions. 

The Advanced Energy [R]evolution scenario introduces renewable heating systems around 

five years ahead of the basic Energy [R]evolution scenario.  

 

Figure 6: Development of heat supply structure under the Reference and the Advanced Energy [R]evolution scenario. 

 

Regarding transport the main characteristics of the Energy [R]evolution scenarios (in 

comparison with the Reference Scenario) are the introduction of highly efficient vehicles, 

changes in the share of transport fuels, a shift in the transport of goods from road to rail and 

changes in mobility-related behaviour patterns. In the Advanced Energy [R]evolution 

scenario there are more changes in mobility-related behaviour patterns achieved partly by 

moving working and living areas closer together and there is a higher share of battery electric 

and hydrogen vehicles compared with the basic Energy [R]evolution scenario. This leads to a 

50% share of electricity in transport in the Advanced Energy [R]evolution scenario by 2050 

(resp. 28% in the Energy [R]evolution scenario). In contrast, fossil fuels remain strongly 

dominant for transport in the Reference Scenario and energy demand for transport doubles 

in this scenario. 
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Figure 7: Development of transport structure under the three scenarios. Source: Greenpeace and EREC (2010): 71 

 

 

 

Electricity grids 

The Energy (R)Evolution study also proposes the dimension of a necessary extension and 

upgrade of the European electricity grid to cope with infavourable weather conditions 

regarding solar radiation and wind where electricity would have to be transported over large 

distances to compensate shortenings of electricity supply in many European regions. The 

proposals for how to extend and rebuild the European electricity grid are based on another 

study by Greenpeace and EREC titled ―[R]enewables 24/7‖ (Greenpeace and EREC 2009). 

The main measures proposed are (Greenpeace and EREC 2010: 46):: 

 Strengthening 34 high voltage AC interconnections between neighbouring countries 

in Europe: 5,347 km of upgrades at a cost of approximately €3 billion. 

 17 new or strengthened high voltage DC interconnections within Europe: 5,125 km of 

upgrades at a cost of approximately €16 billion. 

 Up to 15 new high voltage DC ‗super grid‘ connections, including 11 within Europe of 

up to 6,000 km at a cost of approximately €100 billion and 4 links between Europe 

and Africa to import concentrating solar electricity with a total length of 5,500 to 6,000 

km at a cost of approximately €90 billion. 
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In the Advanced Energy [R]evolution scenario a faster implementation of these changes in 

the grid structure is assumed (about ten years ahead of the basic version of the Energy 

[R]evolution scenario). 

2.4 Scenarios for Austria 

In analogy with the global energy scenarios two scenarios (reference, advanced) were 

defined for the Austrian level. 

The reference scenario (REF) describes a consistent development of the Austrian economy 

and energy system by applying observed trends from the past and by assuming no specific 

political measures to push an energy transition. The advanced scenario (ADV) focuses on 

measures to implement an energy transition which are an ambitious expansion of renewable 

energy technologies and electric vehicles and a quicker and more ambitious thermal 

renovation of the building stock. 

Details of these scenarios are described in Progress Report 5a, chapter 2.3 (Großmann et al. 

2013: 15ff.).   

At this point only the most important features of the scenarios (ebd. 15ff.) are presented in 

the following. 

The development of population size and numbers of households follows the projections of 

Statistik Austria: 9.5 million inhabitants in 2050, 3.85 million households in 2050. Prices for 

fossil fuels (oil, gas, coal) follow the projection of the IEA „New Policy Scenario‖. The global 

economy is expected to grow with 3.5% p.a. according to a projection of the OECD 

Environmental Outlook. The development of Austrian exports is highly dependent on global 

economic development.  

The expansion of renewable energy use in the REF and the ADV scenario is shown in the 

following table. All renewable energy sources/technologies are developed quicker in the ADV 

scenario, especially photovoltaics. The figures for hydro, wind and PV for 2050 (ADV) are 

taken from Streicher et al. (2010). 

Table 1: Development of renewable energy use in the REF and the ADV scenario (Austria). 

In PJ 2010 2050 (REF) 2050 (ADV) 

Biomass 226 336 405 

Hydro 138 157 177 

Wind 7 31 52 

Solarthermal 7 24 43 

Heatpumps 5 7 29 

Geothermal 1 7 24 

Photovoltaics 0,3 10 72 

Summe 384 589 802 
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Thermal renovation of buildings takes place quicker and is carried out more ambitious in the 

ADV scenario. The rate of thermally renovated buildings in the ADV scenario is 2% p.a. 

whereas it is 1% p.a. in the REF scenario. In the ADV scenario 42% of all buildings will be 

renovated towards a very good thermal standard in 2050 compared with 14% in the REF 

scenario.  

In the ADV scenario in 2050 70% of all distances driven with private cars will be covered with 

alternative fuels especially electric vehicles whereas in the REF scenario this is only 15% in 

2050. In the other transport sectors (besides mobility with private cars) no changes regarding 

composition of the vehicle fleet compared with the status quo are assumed in both (REF, 

ADV) scenarios.  

2.5 Deriving annually installed capacities 

For the calculation of metal demand in a certain year for a certain technology projections for 

annually installed/produced capacities of these technology are needed. The energy 

scenarios described in the previous chapters provide data for cumulated installed capacity 

for a certain technology in specific years resp. annual energy production by a certain 

technology in specific years.  

Annually installed capacities are calculated by the following formula: 

Ca (t) = Cc (t) – Cc (t-1) + Ca (t-l) 

Ca (t) … annually installed capacity in the year t 

Cc (t) … cumulated installed capacity in the year t 

l … average lifetime of the considered technology 

The annually installed capacity in the year t must cover the capacity expansion (Cc (t) – Cc (t-

1)) plus the replacement of capacity that has reached its end of lifetime (Ca (t-l)).   

 

If the scenarios contain data for annual energy production instead of cumulated installed 

capacity, annual energy production has to be transformed to cumulated installed capacity by: 

Cc (t) = Ep (t) / Eps (t) 

Cc (t) … cumulated installed capacity in the year t 

Ep (t) … energy produced in the year t 

Eps (t) … Specific output (energy output per installed capacity) in the year t 

 

The scenarios provide data (for cumulated installed capacity resp. annually produced 

energy) only for specific years. Between these years values had to be interpolated. In the 

case of the global scenarios where data are provided for the years 2007, 2015, 2020, 2030, 
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2040 and 2050 a constant growth rate was assumed between these data points. In case of 

the Austrian scenarios where data are available for 2010 and 2050 different growth rates 

were assumed for each decade with a falling trend in growth rates. 

The following tables give an overview on the main figures regarding installed capacities 

(cumulated installed capacities, growth rates of cumulated installed capacities, annualy 

installed capacities), for the global scenarios. 

 

Table 2: Cumulated installed capacities and annual growth rates of cumulated installed capacitites. Advanced Energy 
[R]evolution scenarios, data from 2015 – 2050 are taken this scenario. Cumulated installed capacities for solar heat are 
derived from data for annual energy production from solar heat. 

 Cumulated installed capacity (GW) Annual growth rate of cumulated 

installed capacity (%) 

 2010 2015 2020 2030 2040 2050 2010-

2015 

2015-

2020 

2020-

2030 

2030-

2040 

2040-

2050 

PV 39,5 108 439 1330 2959 4318 22% 32% 11,7% 8,3% 3,8% 

Wind 198 494 1140 2241 3054 3754 20% 18% 7% 3,1% 2% 

CSP 1,1 30 225 605 1173 1643 94% 49,6% 10,4% 6,8% 3,4% 

Solar 

heat 

228 789 2208 6072 11053 15796 28,5% 23,2% 10,9% 6,4% 3,8% 

 

 

Table 3: Annually installed capaciteies for the global scenarios (Advanced, Reference) 

 Annually installed capacity, Advanced 

Scenario (GW) 

Annually installed capacity, Reference 

Scenario (GW) 

 2010 2015 2020 2030 2040 2050 2010 2015 2020 2030 2040 2050 

PV 16,6 19,7 108 141 247 241 16,6 0,9 9.2 16,1 15,4 23,7 

Wind 39 84 179 185 273 262 39 23,3 32,3 59,8 48,1 75,4 

CSP 0,6 14,5 75 57 90 89 0,6 1,3 1,9 2,1 2,7 2,6 

Solar 

heat 

56 173 413 596 816 911 5,6 7,2 25 47,6 32,8 53,6 

 

Annually installed capacities were also calculated for the past period from 1990 – 2010 

because these capacities have to be replaced in the future. Annually installed capacities for 

this past period can be easily derived from cumulated installed capacities by 

Ca (t) = Cc (t) – Cc (t-1) 
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because no significant amount of capacities has been installed before 1990 for the 

considered technologies so the replacement of capacities that has reached its end of life can 

be omitted for this period. 

In the following data sources for cumulated installed capacities resp. annually produced 

energy for the past period from 1990 – 2010 are listed. 

Global scenarios: 

Wind power: cumulated installed capacities from 1996 – 2010: ―Renewables 2011: Global 

Status Report‖ (REN21 2011: 20, figure 5); cumulated installed capacities from 1990 – 1995: 

own assumptions (1 GW in 1990, 1990 -1996: constant growth rate) 

Photovoltaics: cumulated installed capacities from 1996 – 2010: ―Renewables 2011: Global 

Status Report‖ (REN21 2011: 23, figure 7); cumulated installed capacities from 1990 – 1995: 

own assumptions (0,1 GW in 1990, 1990 -1996: constant growth rate) 

Concentrating Solarthermal Power (CSP): cumulated installed capacities for 2009 and 2010: 

―Renewables 2011: Global Status Report‖ (REN21 2011: 25); cumulated installed capacities 

from 1990 – 2008: own assumptions (0,1 GW in 1990, 1990 -2009: constant growth rate) 

Solarthermal heat: annually installed capacity 2007 from ―Solar Heat Worldwide (Ed. 2009)‖ 

(Weiss et al. 2007), cumulated installed capacity for 2007 is derived from the Energy 

[R]evolution scenario; cumulated installed capacities from 1990 – 2006: own assumptions (5 

GW in 1990, 1990 -2006: constant growth rate) 

 

Austrian scenarios: 

Wind power: cumulated installed capacities from 1990 – 2009 from IG Windkraft (2009); 

cumulated installed capacity 2010 from Krenn (2011).  

Photovoltaics: cumulated installed capacities from 1992 – 2009 from Biermayr et al. (2010): 

64; cumulated installed capacity 2010 from EPIA (2011): 10; cumulated installed capacities 

for 1990 and 1991: own assumption 

Solarthermal heat: cumulated and annuallys installed capacities from 1990 – 2009 from 

Biermayr et al. (2010): 80 
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3 Quantification of resource demand 

The defined energy scenarios require a growing amount of special metals to support a 

renewable energy transition. The main question in this progress report is if metal 

requirements can become a constraint in either physical supply or other related 

consequential effects. This section shows the results regarding physical metal requirements 

for RETs towards 2030/2050 (section3.1). These projected metal requirements are 

calculated both for the world and for Austria. In section3.2, three resource scenarios are 

developed on the basis of technical and geo-political constraints. These resource scenarios 

form the basis for the metal risk assessment in section 7. 

3.1 Metal resource requirements for RETs 

3.3.1 Metal resource requirements in 2030 and 2050  

Metal resource requirements have been calculated by multiplication of the metal requirement 

factors and the annually installed capacities of the selected technologies for each energy 

scenario (see section 2.5). Three different sets of metal requirement factors (min, mix resp. 

mix-adapt3, max) were applied, for details see ―Progress Report 2‖ of the project ―Feasible 

Futures‖ (Schriefl et al. 2013). Projections have been made for 10 year intervals from 2010 to 

2050.  

Table 4 shows the global volumes of metal requirements for RET applications in 2030 and 

2050 in the advanced (ADV) energy transition scenario (mix). The future metal requirements 

for RETs are compared with 2011 smelter production. Although 2011 smelter production has 

a rather weak correlation with 2050 smelter production, as it ignores increases or expansion 

of mining production, it does present an indicator for future supply risks.  

 

 

 

 

 

 

 

 

 

 

 

                                                           
3
 The mix-adapt factor set is a later version of the mix factor set. 
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Table 4: Global requirements of metals for RET in 2030 and 2050 and scarcity indicators for the ADV-mix 
energy scenario (1000 tonnes) 

Metal 

2011 
smelter 
production* 

2030 RET 
require-
ments 

2030 requirements/ 
2011 smelter prod. 

2050 RET 
require-
ments 

2050 requirements/ 
2011 smelter prod. 

Aluminium 44,100 12,707 29% 28,065 64% 

Cadmium 21.5 4.76 22% 13.3 62% 

Chromium 40,000 2,653 7% 3,970 10% 

Cobalt 129 0 - 0 - 

Copper 18,600 14,133 76% 35,355 190% 

Gallium 0.37 1.13 308% 2.99 815% 

Germanium 0.12 2.82 2387% 7.87 6666% 

Indium 1.35 0.92 69% 2.49 185% 

Iron 2,600,000 46.322 2% 76,461 3% 

Lithium 34 681 2002% 1,082 6124% 

Magnesium 1,170 107 9% 204 17% 

Neodymium 22 95 432% 279 1269% 

Nickel 2,700 327 12% 462 17% 

PGM 0.44 3.52 810% 10.8 2476% 

Selenium 2 1.13 56% 2.99 149% 

Silicon 8,000 2,301 29% 2,881 36% 

Silver 35.7 1.90 5% 3.21 9% 

Tantalum 0.79 1.41 178% 2.40 304% 

Tellurium 0.50 1.76 352% 5.38 1075% 

Tin 380 60.4 16% 139 37% 
Other (non-
critical)  7,436  22,103 

 Total  86,840  172,052 
 

*Smelter production: including primary and secondary sources (i.e. ores and recycled scrap) 

 

It can be seen that the main metals – i.e. iron, aluminium and copper - don‘t become critical 

in the advanced growth scenario. Chrome and silicon are also important metals for RETs and 

their 2011 smelter production largely covers future RET requirements as well.  

In 2030, germanium, lithium and the Platinum Group Metals (PGM) are projected to suffer 

from short supplies in response to strong growth in demand. Germanium is largely produced 

as a daughter metal from zinc. However, the main RET using germanium, photovoltaic, is 

able to produce without germanium and thus its use will be limited when Germanium 

becomes scarce and prices high. The mix-adapt assumptions include a ‗zero‘ requirement for 

germanium (and cobalt) throughout the projections (not shown in this section). With respect 

to lithium, demand is expected to increase dramatically with lithium battery increase, but 

experts see ample opportunities to expand smelter production capacity.  

Other metals – gallium, neodymium, tantalum and tellurium – also tend to become critical in 

2030. In 2050, the situation aggravates as 6 RET metals show scarcities of around 10 or 

more times the 2011 smelter production. 3 more metals – copper, indium and selenium – 

also exceed 2011 smelter production in 2050. 

3.3.2 Critical growth period  

Table 5 shows the growth rates for global metal requirements between 2010 and 2030 and 

between 2030 and 2050, for both the advanced and the reference scenario. It can be seen 
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that the 2010-2030 period in the advanced scenario represents the most critical period, as 

nearly all metals show higher than 500% growth and germanium and indium require supplies 

that exceed 2010 requirements with more than 1600 times. Indium requirements increase 

with the growing demand for photovoltaic cells. Germanium and indium both are daughter 

metals of – and thus depending on – zinc production.  The figure also shows that growth 

rates decrease significantly in the period 2030-2050.  

In the reference energy scenario, indium is the only metal with strong growth in 

requirements. Tellurium and, to a much lesser extent, tantalum show even a decreasing 

demand towards 2030.  

 

Table 5: Growth in RET metal requirements for the ADV and REF (mix) energy scenarios for 2010-2030 and 
2030-2050 (in %) 

  Adv. Mix Adv. Mix Ref. Mix Ref. Mix 

  Req. 2030/2010 Req. 2050/2030 Req. 2030/2010 Req. 2050/2030 

Aluminium 966 121 43 54 

Cadmium 497 180 -32 141 

Chromium 588 50 88 24 

Cobalt         

Copper 807 150 67 37 

Gallium   164   128 

Germanium 1681 179 104 140 

Indium 4488 170 425 133 

Iron 568 65 58 28 

Lithium 834 206 62 42 

Magnesium 982 91 24 64 

Neodymium 807 194 68 40 

Nickel 376 41 53 26 

PGM 834 206 62 42 

Selenium   164   128 

Silicon 701 25 -8 8 

Silver 886 69 2 46 

Tantalum 748 71 -3 47 

Tellurium 122 205 -75 163 

Tin 1835 130 210 92 

Total metal 
requirements 665 98 57 33 

 

3.3.3 Uncertainty in resource requirements per scenario outlook 

In this project, future requirements of RET metals differ significantly between the min and 

max reference sources. Large relative ranges between min and max values indicate higher 

uncertainty of future RET metal requirements. The relative range of metal requirements 

towards the future is calculated by the difference between the minimum and maximum 

requirement, divided by the average requirement for a particular metal.  

Table 6 shows the minimum and maximum global requirements, as well as the relative range 

of the projected metal requirement for each energy scenario (ADV and REF). It can be seen 

that large variations between RET metals exist. The metals are ranked from least to largest 

value range in the advanced energy scenario. In the advanced energy scenario, it can be 
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seen that the values of lithium, tantalum and copper are projected with high consensus 

among reference sources as only limited variation (<2%) is noted.  Medium variation is 

recorded for the bulk materials – chromium, aluminium, iron and tin – whereas relatively 

large differences between reference sources exist for specialised and rare earth metals: 

gallium, neodymium and germanium.  

In the reference scenario, the relative ranges show more or less the same pattern; only the 

demand for chromium shows a significantly higher uncertainty.  

 

Table 6: Minimum and maximum metal requirements (1,000 tonnes) and their relative range (in %) for RETs 
in 2030 (1000 tonnes) 

Metal 

Min. 
requirements 
ADV 

Max. 
requirements 
ADV 

Rel. range 
Min-Max 
ADV 

Min.  
requirements 
REF 

Max.  
Requirements 
REF 

Rel. range 
Min-Max  
REF 

Lithium 681 680 -0.1% 114 102 -11.5.9% 

Tantalum 1.41 1.42 0.7% 0.16 0.16 0% 

Copper 13,909 14,142 1.7% 1,837 1,916 4.2% 

Magnesium 81.1 107 28% 9.29 12.3 27.5% 

Silver 1.83 2.52 32% 0.19 0.27 34.8% 

Chromium 1,604 2,653 49% 169 507 100% 

Aluminium 7,595 13,047 53% 917 1,605 55% 

Iron 46,322 83,388 57% 10,211 22,155 74% 

Tin 36.2 86.7 82% 3.05 8.83 97% 

Indium 0.44 1.12 87% 0.05 0.13 89% 

Nickel 124 327 90% 39.8 105 90% 

PGM 1.76 5.28 100% 0.26 0.79 101% 

Tellurium 0.38 1.76 129% 0.04 0.20 133% 

Silicon 396 2,301 141% 45.2 263 141% 

Cadmium 0.74 4.77 146% 0.09 0.55 144% 

Selenium 0.17 1.13 147% 0.02 0.13 147% 

Gallium 0.04 1.13 186% 0.01 0.13 171% 

Neodymium 6.96 185 185% 2.24 29.3 172% 

Germanium 0 2.82 200% 0 0.32 200 

 

3.3.4 Global metal requirements per RE Technology  

Table 7 shows the global metal requirements per RET in 2050. Wind technology requires the 

largest volume, mainly iron. Photovoltaic and E-mobility technologies require relatively large 

volumes of iron, copper and aluminium. Photovoltaic cells require a large number (15) of 

critical RET metals whereas concentrated solar power and power networks require only 3-4 

metals (largely iron).  

When comparing the required metal volumes in 2050 with the volumes needed in 2010, the 

extremely high growth ratios become evident: CSP requires nearly 150-fold the volume of 

2010, whereas PV, solar thermal and E-mobility require ca. 15-25 times more metals in 

2050. Wind shows moderate growth and RET-networks no growth at all (see row ‗Growth 

factor 2050/2010 in Table 7.  

The last row in Table 7 shows the supply risk, calculated as the share of the metal 

requirements for a specific RET in the sum of metals required for that specific RET. E-

mobility requires the largest share of critical metal requirements in 2050, largely related to its 
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relatively high lithium and neodymium requirements. Photovoltaic is also susceptible for a 

supply risk as the critical metals (magnesium, silicon) are largely used in other applications. 

Other RET technologies seem rather insensitive for supply risks. However, supply risks 

involve a complex grid of aspects that are measured and described in detail in section 7. 

 

Table 7: Metal requirements per RET in 2050 (1,000 tonnes) in the ADV (mix-adapt) scenario 

Metal PV Wind 
Solar 

thermal CSP Networks E-Mobility   

Aluminium 8753.75 89.29 4848.52 0.07 11.71 15459.46   

Cadmium 5.19             

Chromium 17.64 1718.82 2230.04         

Cobalt               

Copper 2606.76 598.99 5173.00 62.44 33.44 8737.96   

Gallium 2.54             

Germanium               

Indium 2.07             

Iron 5691.30 36757.47 7015.44 12845.69 222.20 9769.03   

Lithium           1077.16   

Magnesium 171.11             

Neodymium   9.83       134.65   

Nickel 1.72 460.58           

PGM           2.15   

Selenium 2.54             

Silicon 2582.66   8.91         

Silver 2.76     0.45       

Tantalum 2.40             

Tellurium 4.54             

Tin 61.14 0.11 63.98         

Growth factor 
2050/2010 

15.6 6.6 20.5 149.9 1.0 28.6 

 Supply Risk 2050 29% 1% 1% 0% 0% 55%   

 

Global RET metal requirements for the ADV in comparison with the REF energy scenario in 

2050 are shown in Figure 8 (in the mix-adapt assumptions, cobalt and germanium are no 

longer used in RET technologies). Most RETs show large variation between the ADV and the 

REF scenarios in 2050. Only wind and networks show smaller spreads, whereby no further 

expansion of RET networks is projected. E-mobility requires the largest absolute volumes of 

specific RET metals, and thus the largest (absolute) spreads between metal requirements in 

the different growth scenarios. Moderate volumes (and spreads) for a large number of RET 

metals are observed for photovoltaic scenarios in 2050.  
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Figure 8: Mix-adapt metal requirements (1,000 tonnes) in the ADV and the REF scenario per RET in 2050  

 PV=Photovoltaic 
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CSP=Concentrated Solar Power 

Net=Networks 

 

 

3.3.5 Metal requirements for RETs in Austria  

For Austria, the growth and the total of RET metal requirements, as well as the metal share 

of the individual RETs are analysed in this section. The metal requirements concern gross 

requirements, and don‘t differentiate between produced and recycled volumes. The figures 

are shown for the ADV mix-adapt scenario, and include metal supply from recycling.  

RET metal requirements from 2010 towards 2050 are shown in Figure 9. The figure is split in 

3, with the upper figure showing the metals that are required in the largest volumes, mainly 

bulk materials, but also silicon and chromium. All metals show steep growth rates (>6.7% 

annually) but with particularly high growth rates for aluminium and silicon (7.7% and 8.6% 

respectively).  
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The 2nd figure shows the RET metals required in moderate volumes: lithium, tin, nickel, 

magnesium, neodymium and cadmium. Until 2030, growth rates are steep (between 8.3 and 

13.3% annually), except for cadmium (4.9%). After 2040, several metals seem to stagnate or 

show decreases in requirements, particularly lithium, nickel and neodymium. On the other 

hand, magnesium shows exponential growth between 2040 and 2050 (>10% annually).  

The 3rd figure contains mainly special RET metals. On average, these metals show the 

highest annual growth rates (generally above 10%) with indium showing the highest annual 

growth rate between 2010 and 2030 (>20%). As a result of its relatively large volume, 

tellurium requires the largest volume growth. Both indium and tellurium are related to the 

projected PV capacity expansion in Austria.    

 

Figure 9: Gross RET metal requirements in Austria towards 2050 in the ADV mix-adapt scenario (1,000 tonnes) 
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Table 8 shows the total RET metal requirements as well as the shares of the different RETs 

for each RET requirement in the advanced scenario in 2050. From the figure, it becomes 

clear that PV is the most dominant technology in Austria, requiring the majority of nearly all 

metals, except for Nickel (wind), chromium (solar thermal), lithium, neodymium and PGM (e-

mobility). E-mobility is the second most important driver for RET metal requirements in 

Austria. Furthermore, it should be noted that no CSP capacity is projected to be build in 

Austria. 

 

Table 8: Gross RET metal requirements (tonnes) and shares of RET per RET metal (%) for the ADV (mix-adapt) 
scenario in Austria in 2050 

 
Total PV Wind Solar thermal Network E-mobility 

Aluminium 96,074,960 73.9% 0.1% 17.7% 
 

8.3% 

Cadmium 42,074 100% 
    Chromium 7,500,068 1.9% 23.5% 74.6% 

  Copper 39,118,545 54% 1.6% 32.7% 0.1% 11.6% 

Gallium 20,562 100% 
    Indium 16,768 100% 
    Iron 106,778,741 43.2% 35.3% 16.5% 0.3% 4.7% 

Lithium 557,338 
    

100% 

Magnesium 1,386,810 100% 
    Neodymium 70,070 

 
0.6% 

  
99.4% 

Nickel 486,194 2.9% 97.1% 
   PGM 1,115 

    
100% 

Selenium 20,562 100% 
    Silicon 20,954,859 99.9% 
 

0.1% 
  Silver 22,386 100% 

    Tantalum 19,487 100% 
    Tellurium 36,818 100% 
    Tin 720,285 68.8% 
 

31.2% 
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3.3.6 Global metal requirements (non RET) towards 2030  

 

Global metal demand for all sectors except RET (non RET demand) was projected for the 

years 2010, 2020 and 2030. Methodologically this was done by applying and linking the data 

from four studies supplemented by own assumptions where necessary. 

The four selected studies are: 

 „Rohstoffe für Zukunftstechnologien― (Angerer et al. 2009) 

 „Critical Metals in Strategic Energy Technologies― (Moss et al. 2011)  

 Critical metals for future sustainable technologies and their recycling potential― 

(Buchert et al. 2009) 

 „Mineral Commodity Summaries― (USGS 2011) 

 

The calculation of non RET metal demand for the metals cadmium, chromium, cobalt, 

copper, gallium, germanium, indium, lithium, neodymium, nickel, palladium, platin, Selenium, 

silver, tantalum, tellurium, tin was done in three steps. (1) total demand (for all applications) 

for the years 2010, 2020 and 2030 was calculated, (2) demand for RET for the years 2010, 

2020 and 2030 was calculated, (3) demand for RET was subtracted from total demand 

resulting in non RET demand. For the metals aluminium, iron, magnesium and silicon a 

different method was chosen (see explanations below).  

 

In the following the steps (1) and (2) are explained in detail. 

1. total demand (for all applications) for the years 2010, 2020 and 2030 

Input data by source: 

Angerer et al. (2009): Production data for the years 2003 and 2006 for the following metals: 

chromium, cobalt, copper, gallium, germanium, neodymium, palladium, platinum, selenium, 

silver, tantalum, tin. Derived from this growth rates for 2003-2006. 

Moss et al. (2011): Global supply and demand in 2010 for the following metals: cadmium, 

chromium, cobalt, copper, gallium, indium, neodymium, nickel, selenium, silver, tellurium, tin. 

Demand for 2020 is projected for the following metals: gallium, indium, neodym, nickel, 

selen, silver, tellurium, tin.   

Buchert et al. (2009): Global supply and demand in 2007 and projection for 2020 for the 

following metals: cobalt, gallium, germanium, indium, lithium, platinum, palladium, tantalum, 

tellurium. 
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Calculation of demand: 

2010: Maximum value of the input data from Angerer et al (2009), Buchert et al. (2009) and 

Moss et al. (2011). 

2020: For those metals where data were available (cobalt, gallium, germanium, indium, 

lithium, neodymium, nickel, palladium, platin, selen, silver, tantalum, tellurium, tin), the 

minimum value of the input data from Buchert et al. (2009) and Moss et al. (2011) was 

chosen. For the other metals a growth rate in demand for the period 2010–2020 was 

assumed depending on the annual growth rate between 2003 and 2006 (see Table 9, the 

assumed growth rates are rather modest).  

2030: For cobalt, gallium, germanium, indium, lithium, palladium, platin, tantalum and 

tellurium annual growth rates between 2020 and 2030 were taken from Buchert et al. (2009), 

for tin, silver, neodymium, selen and nickel the annual growth rates between 2020 and 2030 

were assumed to be half the growth rates between 2010 and 2020, fort he remaining metals 

the growth rates were assumed depending on the annual growth rates between 2003 and 

2006 (see Table 9). 

 

Table 9: Assumptions regarding growth rates of total metal demand. 

Annual growth rate between 

2003-2006 

Demand growth 2010-2020 Demand growth 2020-2030 

0-5% 15% 25% 

5-10% 20% 40% 

>10% 30% 50% 

 

2. Demand for RET for the years 2010, 2020 and 2030 

Input data by source: 

Angerer et al. (2009): demand for RET in 2006 and projections for 2030 for the following 

metals: cobalt, copper, gallium, indium, neodymium, platin, selen, silver. Derived from this: 

annual growth rates between 2006 and 2030. 

Moss et al. (2011): demand projections for RET for the years 2020 and 2030 for Europe 

(SET Plan) for the following metals: cadmium, chromium, cobalt, copper, indium, 

neodymium, nickel, silver, tellurium, tin.   

 

Calculation of demand: 

2010: The demand values for 2020 were divided by the factor 5, assuming that globally 

annual RET installations grow by a factor 5 between 2010 and 2020.  

2020: The 2020 projections for Europe from Moss et al. (2011) were multiplied by the factor 4 

(assuming that world demand for RET installations is 4 times higher in 2020 than European 
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demand); from the data of Angerer et al. (2009) the value for 2020 was calculated by 

applying the average annual growth rate (between 2006 and 2030) from 2006 to 2020. The 

maximum of these two values was taken. 

2030: The 2030 projections for Europe from Moss et al. (2011) were multiplied by the factor 6 

(assuming that world demand for RET installations is 6 times higher in 2030 than European 

demand); Angerer et al. (2009) provide global projections for RET metal demand in 2030 for 

several metals. The maximum of these two values was taken. 

For the metals aluminium, iron, magnesium and silicon a different approach was chosen 

because the selected studies from Angerer et al. (2009), Moss et al. (2011) and Buchert et 

al. (2009) contain no data on these metals. 

Annual production for 2010 for these metals was taken from USGS (2011), a RET demand 

for 2010 (based on own calculations) was substracted. The average annual growth rate in 

production between 1995-2010 was applied for the years from 2010 to 2030.  

The results for global Non RET metal demand are shown in the following table. 

 

Table 10: Global non RET metal demand in 2010, 2020 and 2030 

 
Non RET metal demand (tonnes) 

 
2010 2020 2030 

Aluminium 40.236.448 68.806.777 114.551.661 

Cadmium 21.952 25.060 25.460 

Chromium 21.986.496 26.332.480 30.663.200 

Cobalt 84.729 58.647 68.371 

Copper 16.170.960 18.484.800 19.388.100 

Gallium 135 250 352 

Germanium 125 151 220 

Indium 1.110 1.950 1.942 

Iron 1.025.470.228 1.740.065.310 2.910.687.526 

Lithium 17.500 46.500 75.744 

Magnesium 749.545 1.261.833 2.177.192 

Neodymium 22.856 57.280 90.978 

Nickel 1.450.880 2.355.400 2.961.239 

PGM 471 541 644 

Selenium 2.796 4.022 4.685 

Silicon 7.019.946 13.526.352 25.283.086 

Silver 29.092 36.160 34.986 

Tantalum 1.400 2.800 4.693 

Tellurium 567 1.050 471 

Tin 339.744 359.720 243.354 

 

 

3.3.7 Global metal resource requirements towards 2030  

Table 11 shows the projected metal requirements – for the selected RET metals – by all 

sectors worldwide. The highest growth rates exist for gallium, lithium and neodymium. 

Growth in gallium and neodymium will largely stem from growing requirements for RET 
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expansion, particularly from e-mobility. Demand for PGM is also significantly driven by E-

mobility. Other metals in the ADV scenario, e.g. tellurium, indium, neodymium are also 

largely required for RETs. Also copper (30%) and indium (28%) show a high share of RET 

demand in 2030. Overall, the share of RET requirements in total metal demand increases 

over the projected period. 

 

Table 11: Total global metal requirements (all sectors), growth rates and the share of RET in total metal requirements in 
the ADV (mix-adapt) scenario 

 
Total requirements (tonnes) Growth % (total requirements) Share of RETs 

 
2010 2020 2030 2010-20 2020-30 2010-30 2010 2020 2030 

Aluminium 41451709 75101695 127257499 81% 69% 207% 3% 8% 10% 

Cadmium 22630 29441 27192 30% -8% 20% 3% 15% 6% 

Chromium 22371951 28480904 33314508 27% 17% 49% 2% 8% 8% 

Cobalt 84729 58647 68371 -31% 17% -19% 0% 0% 0% 

Copper 17092264 23324040 27583021 36% 18% 61% 5% 21% 30% 

Gallium 135 250 1312 85% 425% 872% 0% 0% 73% 

Germanium 125 151 220 20% 46% 76% 0% 0% 0% 

Indium 1126 2054 2709 82% 32% 141% 1% 5% 28% 

Iron 1032262985 1781939216 2955565065 73% 66% 186% 1% 2% 2% 

Lithium 55208 152397 427983 176% 181% 675% 68% 69% 82% 

Magnesium 758181 1317668 2268768 74% 72% 199% 1% 4% 4% 

Neodymium 28622 75901 141963 165% 87% 396% 20% 25% 36% 

Nickel 1519526 2671533 3288137 76% 23% 116% 5% 12% 10% 

PGM 546 753 1348 38% 79% 147% 14% 28% 52% 

Selenium 2796 4022 5644 44% 40% 102% 0% 0% 17% 

Silicon 7278610 15199187 27353559 109% 80% 276% 4% 11% 8% 

Silver 29285 37761 36887 29% -2% 26% 1% 4% 5% 

Tantalum 1566 3874 6102 147% 57% 290% 11% 28% 23% 

Tellurium 1242 5413 1958 336% -64% 58% 54% 81% 76% 

Tin 342600 384830 298878 12% -22% -13% 1% 7% 19% 

 

The REF scenario (Table 12) shows significantly lower growth volumes, with only 

neodymium projected to grow significantly (127%) between 2010 and 2020. While lithium 

and tellurium still showed a dominant RET share in total demand in 2010, their share is going 

down towards 2030 (although still significant). In the REF scenario the share of RET demand 

is mostly declining. RET requirements will not have a very significant effect on global 

demand for metals used in RETs in the REF scenario. 
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Table 12: Total global metal requirements (all sectors), growth rates and the share of RET in total metal requirements in 
the REF mix-adapt scenario 

 
Total requirements (tonnes) Growth % (total requirements) Share of RETs 

 
2010 2020 2030 2010-20 2020-30 2010-30 2010 2020 2030 

Aluminium 41279742  69805198  116118648  69% 66% 181% 3% 1% 1% 

Cadmium 22630  25433  25658  12% 1% 13% 3% 1% 1% 

Chromium 22255966  26603282  31170070  20% 17% 40% 1% 1% 2% 

Cobalt 84729  58647  68371  -31% 17% -19% 0% 0% 0% 

Copper 16768443  19170326  20418061  14% 7% 22% 4% 4% 5% 

Gallium 135  250  462  85% 85% 242% 0% 0% 24% 

Germanium 125  151  220  20% 46% 76% 0% 0% 0% 

Indium 1126  1959  2030  74% 4% 80% 1% 0% 4% 

Iron 1031805809  1745769085  2920705196  69% 67% 183% 1% 0% 0% 

Lithium 49963  88782  128307  78% 45% 157% 65% 48% 41% 

Magnesium 758181  1266588  2187678  67% 73% 189% 1% 0% 0% 

Neodymium 27967  63535  99790  127% 57% 257% 18% 10% 9% 

Nickel 1519526  2412251  3066390  59% 27% 102% 5% 2% 3% 

PGM 536  626  749  17% 20% 40% 12% 14% 14% 

Selenium 2796  4022  4794  44% 19% 71% 0% 0% 2% 

Silicon 7278159  13668724  25519973  88% 87% 251% 4% 1% 1% 

Silver 29285  36274  35182  24% -3% 20% 1% 0% 1% 

Tantalum 1566  2892  4854  85% 68% 210% 11% 3% 3% 

Tellurium 1242  1422  641  14% -55% -48% 54% 26% 27% 

Tin 341355  361480  248612  6% -31% -27% 0% 0% 2% 

 

3.2 Resource scenarios 

The supply of resources for RETs is largely influenced by technical and geo-political 

constraints in relation to scarce and/or concentrated resource supplies. In this section, 

resource scenarios are developed (section 3.2.1) and selected on the basis of a rather 

extreme resource demand situation (3.2.2). Section 3.2.3 describes the 3 resource scenarios 

in detail, followed by a quantitative description of the assumptions under the 3 resource 

scenarios (3.4.4).  

3.2.1 Method 

Future scenarios for resource availability have a more or less common horizon with ‗peak 

metal‘ situations ahead and increasing production costs as a result of decreasing metal ores 

and increasing input or extraction costs. 3 main strategies are available to deal with metal 

scarcities in the future: (1) technical progress, (2) a cooperative approach and/or (3) 

dematerialisation. For the purpose of this project, these strategies have been translated into 

the following resource dilemmas: 

 Resource frontiers (limits) vs. technological progress: takes the opposite view 

whether or not a society will face limits with respect to the availability of resources, or 

if technological progress will solve scarcity and environmental problems; 
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 Cooperation vs. competition: assumes world regions joining forces to face the 

challenges of the future together vs. acting unilaterally; 

 Growth vs. De-growth (stagnation): tackles the resource problem from a perspective 

of continuing global economic growth vs economic stagnation. It is generally 

acknowledged that developing countries will continue their economic growth path. 

However, industrialised countries may experience zero economic growth or even de-

growth. 

 

3.2.2 Resource scenario selection 

The resource dilemmas have been combined in a resource matrix (Table 13Table 13: The 

resource scenario matrix). In total, 8 different resource scenarios have been defined. For the 

purpose of this project, extreme metal resource situations are most relevant to be able to 

monitor and value the risks related to energy demand scenarios.  

The highest metal scarcities exist under a global economic growth scenario in combination 

with limited technological progress in a highly competitive actor field. This resource situation 

will result in the highest price increases for RET metal resources (see red highlighted cells in 

Table 13 and Table 14).  

The other extreme is a situation where world regions cooperate in green technologies while 

resource demand increases remain limited as a result of stagnating global economic growth 

(see green highlighted cell in Table 13 and Table 14).  

A third resource scenario has been selected where the global economy continues growing, 

competition for resources between countries/regions increase, but where strong price 

increases for resources are prevented by technological progress. This scenario (yellow 

highlighted cells in Table 13 and Table 14) will result in modest resource price increases. 

A more comprehensive description of the 3 selected scenarios is given in section 3.2.4. 

Table 13: The resource scenario matrix  

 Competition Co-operation 

 Limits Progress Limits Progress 

Growth Global economic 
growth 

Increased resource 
competition 

Limited resources 
(high costs) 

Global economic 
growth 

Increased resource 
competition 

Technological 
progress brings 
solution 

Global economic 
growth 

Limited resources  

Joint resource 
agreements 

Global economic growth 

Joint efforts in 
technological progress   

Increased resource 
reserves & production 

Stagnation Overall economic 
stagnation 

Increased price 
competition 

Limited resources 

Overall economic 
stagnation 

Increased price 
competition 

Technological 
progress (cost 
reduction) 

Overall economic 
stagnation; 

Limited resources 

Joint sharing of 
losses 

Overall economic 
stagnation 

Joint efforts in 
technological progress 

Limited resource demand 
increase (limited cost 
increase)  
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Table 14: Selected resource scenarios and their price tendencies 

 Competition Co-operation 

 Limits Progress Limits Progress 

Growth S3: Highest price 
increase 

S2: Moderate price 
increase 

  

Stagnation    S1: Lowest price 
increase 

 

3.2.3 Scenario assumptions 

The 3 resource scenarios are subject to a set of distinguished assumptions compared to the 

BAU (business as usual) scenario for the following variables: 

- Resource (metal) demand growth; 

- Substitution costs;  

- The ratio reserves/production for metal exploration; 

- The environmental country risk of mining metals; 

- The political risk, i.e. the risk that a country of metal origination imposes trade 

barriers. 

 

Scenario 1: Cooperation and Progress:  

Cut demand growth by 30% 

Reduce cost for substitution by 30% 

Increase recycling rate by 30% 

Cut political risk by one category (from medium to low, from high to medium) 

 

Scenario 2: Technology optimism  

Increase demand growth by 30% 

Cut costs for substitution by 30% 

Increase ratio Reserves/Production adapted with recycling by 30% 

Cut environmental country risk to low 

Increase political risk by one category  

 

Scenario 3: Challenging the limits 

Increase demand growth by 30% 
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Cut environmental country risk to low 

Increase political country risk by one category (from low to medium, from medium to high – 

see section 7.1) 

 

3.2.4 Resource scenario narratives 

The selected resource scenarios (in 3.4.2) are described in detail, shape narratives and 

enrich our understanding of how raw material scarcities sort price -, geo-political - and 

ecological effects.   

S1) Cooperation and progress (Stagnation – Cooperation – Progress) 

Economic paradigms that had not been questioned in the beginning of the 21st century are 

shifting as crises continue. After the financial and economic crises in the early 2000s, 

economies start to stumble worldwide. In rich, industrialised countries, the quality of life can 

no longer be increased by economic growth, and the quality of life in poor countries remains 

low due to the declining demand from industrialised countries.  

When more and more countries are being hit by crises and social protests emerge, a change 

of worldviews can be observed in politics, society and economy. Industrialised countries 

move their focus away from economic growth to stabilising the economy at a level that 

supports a good life for all inhabitants.  

As a consequence, economic growth in industrialised countries is stagnating; in some 

sectors of the economy de-growth can be observed. Economic growth can still be observed 

in developing and emerging economies around the world. This development, coupled with a 

new consensus to cooperate, leads to a convergence in economic development, 

improvements in income equality and an increasing number of fair trade agreements.  

The economic stagnation also affects the resource situation. The demand for resources from 

industrialised countries decreases. However, the availability of resources continues to shrink 

due to geological factors (finite resources) and societal factors: high environmental risks are 

effectively campaigned by protest groups, thus preventing expansion or demanding closure 

of extraction sites.  

Scarcity of resources will, however, provoke a boost in technological innovation in the rest of 

the world, thus discovering options for the substitution of rare metals and minerals with less 

rare ones. Furthermore, recycling rates are increasing and efficiencies in extraction and use 

are being improved as prices increase. 

S2) Technology optimism (Growth – Progress – Competition) 

The world is working like the century before. Economic growth remains the main economic 

and political goal, being perceived as the silver bullet to increase prosperity. Industrialised 

countries are struggling to keep up their standard of living and to achieve further economic 

growth, while developing countries continue growing at significant economic growth rates.  
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Limitations of resource availability are experienced in the 2020s, leading to stronger 

competition between world regions on the one side, while boosting technological progress on 

the other side.  

Supported by price increases, significant technological progress is being made in the areas 

of resource extraction and recycling, as well as efforts to substitute those materials that 

prove difficult to recycle and extract (some examples already exist, e.g. Germanium). 

Technological progress becomes the main driver for economic growth, which puts early-

industrialised countries in a better position – and thus enhance differences between rich and 

poor countries. 

Resource rich countries try to profit from scarcity and impose high export taxes that lead to 

higher resource prices. All world regions intensify their efforts to extract domestic resources. 

By improving extraction technologies, many resources could be exploited that did not prove 

profitable before. Nevertheless, for some resources the situation remains critical, as they are 

only available in specific world regions. Environmental problems increase as resource 

extraction gets priority over environmental concerns. As the environment needs to be 

restored after exploitation, environmental taxes are being imposed on resource use to pay for 

such end-of pipe solutions. 

S3) Challenging the limits (Growth – Limits – Competition) 

In this scenario, world development follows the business-as-usual path, following the old 

pattern of the 20th century. Economic growth remains the main economic and political goal, 

being perceived as the silver bullet to increase prosperity. Industrialized countries are 

struggling to keep up their standard of living and to achieve further economic growth, while 

developing countries continue growing at significantly higher growth rates.  

Demand for resources continues to grow; decoupling is no main goal and will thus not be 

achieved. As a consequence, resource limitations become evident and lead to increasing 

competition between economies and world regions. Conflicts over resources increase when 

limits of exploitation become evident and the opportunities to sell domestic resources at high 

rates are deemed feasible. In some world regions these tensions are likely to result in armed 

conflicts, which often lead to increased barriers to trade, such as the cancellation of 

agreements, taxes and duties, etc. Resource-rich countries use their increased power and 

demand high prices and additional benefits for their resources. 

Resource scarcity becomes an issue for all economies. Increasing attempts are made to find 

substitutes for scarce resources and to recycle as much as possible as prices increase. Yet, 

technological progress is disappointing. Due to difficulties in collection and distribution, 

recycling rates remain rather low and cannot meet the expectations set in the beginning of 

the century. Substitution doesn‘t meet expectations either – as alternative ways of production 

often prove expensive, and many of the alternative resources are becoming scarce as well. 

As a consequence, each region maximises domestic resource extraction. Resources 

become highly important and their extraction supersedes other problems. Deposits that were 
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not profitable before are being (re)opened. Ecological side-effects of resource extraction are 

largely ignored, and end-of-pipe solutions are applied to restore nature to a minimum degree.  

Nevertheless, economies remain highly dependent on resource imports that are becoming 

increasingly expensive as export taxes and other fees are imposed. 
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4 Influencing factors for the supply of metals and 
minerals 

"We simply do not know whether mineral commodities will become more or less available in 

the long run. The optimists cannot prove the pessimists wrong, nor can the pessimists prove 

the optimists wrong. So perhaps the most reliable prediction about the future threat of 

mineral depletion is that the debate will continue.” (Tilton, 2003) 

A structured analysis and description of risks of the supply of materials that are necessary for 

transition of the energy system towards renewable energies requires a solid and 

comprehensive framework. The main aspects to be taken into account in such a 

comprehensive framework include (SERI, 2011):  

1. Geological aspects: reserves, resources, reserve to production ratio, reserve to 

cumulated production ratio 

2. Technology-related aspects: extraction technologies, extraction effort, ore grades, 

parent and daughter metals, substitution and recycling options 

3. Economic and policy related aspects: economic availability, concentration of 

resources, reserves and production, political stability of producing countries, import 

dependency, economic relevance 

4. Environment-related aspects: environmental impacts related to production and 

resulting problems  

After a short explanation of these general aspects this report will focus on technology-related 

as well as economic and policy-related aspects of the supply of energy related materials.  

4.1 Geological aspects 

For a number of commodities the peak of extraction is expected to be reached in the near 

future. This signifies a future decrease of extraction that goes hand in hand with constricted 

availability. Critical metals such as antimony, gallium, indium, platinum and others (European 

Parliament, 2009) are close to peak extraction. As emerging economies are increasing their 

demand for materials on the world markets, supplies of these metals may become more 

difficult in the future. Depletion tendencies combined with increasing consumption lead to 

higher extraction costs and prices for abiotic resources. Some of these prices increases may 

be mitigated by new technologies in the medium and long term. 

4.2 Technology-related aspects 

4.2.1 Extraction technologies 

The availability of resources is influenced by technological tools and knowledge to explore, 

extract and process resources. There are risks related to the fact that natural resources are 

geologically detected, but cannot be extracted due to technological restrictions. Despite 
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rising levels of consumption, new technologies have in the past often succeeded to keep 

adverse effects of depletion in check. 

4.2.2 Substitution and recycling options 

The most critical resource risks arise when materials are unavailable for substitution or 

recycling. Restricted access to primary resources can have severe effects on the economy if 

substitution or recycling options are limited. The substitutability of a resource gives 

information about its importance to the economy. Some minerals are more important for 

specific uses than others, depending on their chemical and physical properties. Resources 

are technical substitutes if they provide similar properties as the primary material. Economic 

substitutes can supplement existing resource reserves if they offer similar performance at 

comparable prices. Recycled material is another source of substitutes for primary resources. 

The use of secondary resources not only lowers supply risks, but can contribute to the 

mitigation of environmental impacts.  

4.2.3 Parent and daughter metals  

Many of the metals that are critical for RET are by-products of other metals (see  

Figure 10). 

 

Figure 10: Relation between parent and daughter elements 

 

Source: Graedel (2011). 

 

The production of some essential metals is tied to the production of their parent metals. 

Typical by-products are germanium, gallium, selenium, tellurium and indium (European 

Commission, 2010b). Whether or not the daughter metals are actually extracted depends on 

the economic benefits that are related to their extraction. In most cases the economics of a 

certain mine are totally controlled by the parent metal, which is the ―economic driver‖ for 

mining (ibid.). Thus, even at a high price or high demand level of a daughter metal there will 
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be no direct influence on its actual depletion rate. This makes the supply of daughter metals 

much more uncertain because rising prices are not necessarily resulting in higher extraction 

rates (Graedel 2011). This phenomenon should be kept in mind when thinking about risks 

and chances within this study. A closer look at the risks of certain parent metals is often 

necessary. Graedel (2011) points out that solar cells based on cadmium telluride, which are 

dependent on the mining of tin and copper (what he calls a ―bidaughter metal‖ – two 

daughter metals that are dependent on two different parent metals), are problematic and 

CIGS solar cells are even more problematic as they are a compound of daughter metals of 

three different ―parents‖. 

4.3 Economic and policy-related aspects 

4.3.1 Economic and political availability 

Some resources cannot be extracted due to economic or political restrictions. Economic 

availability refers to having resources available at a required time, quantity and quality and at 

a price users are willing and able to pay. The availability of a skilled workforce can also be a 

limiting factor for the timely supply of resources.  

Political availability applies at local, national, and international levels and is a function of the 

predictability of laws and trade policies, the independence of the judiciary, the limits on 

litigation, the protection of land tenure, the willingness of the host country to allow or facilitate 

development of the resource and repatriation of profits, and the military and economic 

stability of a region and the availability of an appropriate workforce. 

4.3.2 Concentration of supply / power 

The European Commission (2010b) points out that the high supply risk for some important 

materials is mainly due to the fact that a high share of the worldwide production comes from 

only a few countries, such as China (antimony, fluorspar, gallium, germanium, graphite, 

indium, magnesium, rare earths, tungsten), Russia (PGM), the Democratic Republic of 

Congo (cobalt, tantalum) and Brazil (niobium and tantalum).  

4.3.3 Import dependency 

Countries and regions with a high and growing demand for resources, such as the EU, the 

USA and most emerging economies do not possess large domestic deposits. The 

concentration on a few (sometimes politically unstable) supplying countries, multi-national 

companies (many primary commodity markets have a high concentration on a few global 

players) and possible disruptions of supply through international trade (e.g. countries posing 

export restrictions for specific resources) moves Europe into even higher dependency. 

Relating net-trade flows of materials to levels of domestic resource consumption illustrates 

that the EU is the world region that outsources the biggest part of resource extraction 

required to produce goods for final demand (private and public consumption and investment), 

thus exceeding a potential self-sufficiency of natural resource use. This may put industry at 

risks of higher prices and/or a more complicated access to resources. 
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4.4 Environmental impacts of resource use 

Obviously, different resources or raw materials pose different levels of risk to the 

environment. The use of one kilogramme of a toxic substance might be more harmful than of 

one kilogramme of sand. However, there are clear links between the ―pressure‖ of resource 

use quantity, which is put on the environment and its impact. As with increasing quantity of 

resource use also the impacts increase. For instance, mining of metals can have impacts on 

the environment but also on human health brought about the chemicals used in the process 

of extraction. But also the production of biomass might have negative impacts on the 

environment when carried out in a fertilizer-intensive way. As a consequence, in countries 

with a developed civil society it can be difficult to develop new mining projects when they 

elicit the protest of local inhabitants. Conflicts with other forms of land use are also possible 

(European Commission, 2010b). In other countries the extraction of metals and minerals may 

prevail over environmental aspects of resource mining or the health or wellbeing of 

employees or citizens. While this might enable the access to resource, from an ethical and 

responsibility point of view access to these resources must be seen as impeded as well. 
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5 Competition between technologies and branches  

Renewable Energy Technologies are dependent on the supply of different kinds of raw 

materials. This report focuses on photovoltaic (PV) systems, wind turbines, batteries for 

energy storage and similar technologies that are all dependent on specific metals. Table 15 

lists some of the most important of these energy-related metals, their competing uses in non-

energy technologies and trends in demand. 

 

Table 15: Energy-related metals: main applications and demand trends in non-energy technologies 

Metal Main use Demand trend 

Cadmium (Cd) Batteries, Pigments, Coatings/platings ↓   

Copper (Cu) Construction, Electrical, Transportation, Industrial machinery ↑  

Cobalt (Co) Superalloys, Batteries, Catalysts →  

Indium (In) Flat-panel displays, Metallurgical alloys ↑  

Gallium (Ga) Integrated circuits, Optoelectronics ↑  

Selenium (Se) Glass, Metallurgical alloys, Agricultural chemicals, Chemicals 

(general) 

→  

 

Iron and steel Construction, Transport, Machinery and engineering ↑  

Aluminium / 

Bauxite 

Transportation, Packaging, Construction →   

 

Germanium Fiber-optic systems, Infrared optics, Polymerization catalysts ↑  

Chromium Ferrochromium alloys, pigments, refractories ↑ 

Lithium Glass and ceramics 

(Batteries), Lubricating grease, Gas and air treatment, Aluminium 

smelting, Synthetic rubbers and plastics 

↑  

Nickel Stainless steel,  

Ni-alloys, Plating, full alloy steel, bearing steel, tool steel 

↑ 

PGMs 

(Platinum 

Group Metals) 

Autocatalysts, Jewellery, Electronics and electrics (capacitors, 

hard drives, thermocouples), Dental alloys, Catalysts: Chemicals, 

Glass making equipment 

↑  

 

Rare earths Catalysts, Glass, Polishing, Metallurgy: iron and steel, batteries,  

Magnets, Phosphors, Pigments 

↑ 

 

Silicon Semiconductors, ↑ 

Tellurium Metallurgy, Chemicals and pharmaceuticals, Electronics  ↑  

Tin Electroplating, chemical reagent, (window)glass, fungicides, 

insecticides 

↑ 

Vanadium Steel ↑ 

Sources: Graedel, 2011 

 

For the development of energy scenarios and forecasts, it is important to understand what 

other technologies and economic sectors are dependent on the same raw materials as those 

that are crucial for the growing production of energy (see also Table 15). In the future, 

competition for these raw materials is likely to increase, as increases in demand are 
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expected, for example for LED and LCD displays, communication technologies such as cell 

phones, computers as well as integrated circuits and RFID tags. Especially photovoltaic 

applications have been a big driver for demand in the past few years and are expected to 

remain key in the future (Buchert et al., 2009). Particularly the booming thin-film PV sector is 

dependent on critical materials. Gallium, Germanium and Indium, for example, are used in 

electrical and electronics equipment, but they are also important for thin film PV. If ambitious 

goals for the expansion of renewable energy production are to be realised, possible 

competition between these different technologies may emerge (ibid.). For all these materials 

energy-related uses are rising sharply and are expected to continue increasing in the future. 

All these materials are also used in other industrial sectors, so potential conflicts are 

possible.  

5.1 Competition between countries and companies 

Competition for specific metals is not only prevalent among different industries and 

technologies but – as explained in section 4.3.2 - also among different countries. One reason 

is the strong and continuous growth of emerging economies such as Brazil, China and India. 

Another reason is that some production countries that want to protect their own resources 

distort international trade and investment by implementing export taxes, quotas, subsidies, 

price fixing or restrictive investment rules.  

Besides the concentration of a resource in a certain country, supply risks can also result from 

company concentrations, both across and within certain countries. Corporate concentration 

for niobium, tantalum and PGMs, for example, is high - 70% of the platinum market is 

controlled by three companies (European Commission, 2010a). Rare Earths are also 

strongly concentrated in the hands of a few Chinese companies that act like national 

corporations (see Box 1). For many other raw materials, such as iron, zinc and copper, the 

supplier base is more diversified. 

Box 1: Rare Earths: an example of conflicts between countries for scarce raw 

materials 

Rare earths are a prominent example for conflicts between countries for scarce resources. 

Although they are only used in very small amounts, they are essential for many high tech 

applications, such as plasma screens, MP3 players as well as military technologies. An 

important and constantly growing field for the use of rare earths is environmental 

technologies, such as modern lighting systems and catalysts, but also wind generators for 

energy production or electric or hybrid vehicles. In most of applications they are not or hard 

to substitute. Because of the growing demand in many fields, prices rose rapidly until 2008, 

followed by a temporary break due to the economic crises in 2009. But an ongoing increase 

in demand of 8 to 11% per year is expected for the future (Tänzler et al., 2011). 

China‘s market share for rare earth production and processing is at least 97%. China can 

use its position to control prices and quantities of its exports. During the last years, exports 

were discouraged by Chinese export levies (to stimulate domestic value added activities).  
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This forced companies that are dependent on rare earths to outsource or replace their 

production to China. It is not clear if China‘s dominant position was brought about by intent. 

However, 63% of global reserves are located outside of China, which gives other countries 

and companies the chance to weaken the position of China in the future. Some projects are 

ongoing that aim to put existing mines that were closed for years back into operation in the 

U.S. and Australia, and some new projects are being developed (which is expensive and 

can last 7 to 15 years). China has also been active in this field, trying to invest in companies 

in other countries to exercise control over the access to Rare Earths, especially during the 

financial crisis when financing was a problem for many companies (Tänzler et al., 2011).  

In 2011, huge quantities of rare earth metals were explored in deep see mud in the Pacific 

Ocean4, an example of intensified exploration of new mineral deposits in times of availability 

at risk. It is not clear yet how and at which costs these deposits can be mined.  

 

It is important to keep in mind that company concentration and strong market power must not 

necessarily have negative effects. When global business is controlled by a few big players, it 

can also mean financial solidity, which can be an advantage in terms of access to raw 

materials. Furthermore, as multinationals are active in several – strategic – world regions and 

countries, it is not in their benefit to impose trade barriers. Corporate concentration is thus 

not as big a problem as a high concentration of a resource in a specific country (European 

Commission, 2010b).  

The Herfindahl-Hirshman Index (HHI) is a useful indicator to measure market or company 

concentration. It is commonly used in financial and governmental circles to measure market 

concentrations by companies. But it can also be used to measure the potential market 

control of different countries for specific raw materials. A HHI value close to zero indicates 

that conflicts are unlikely because resources are widely distributed, a HHI value near 100 

means that the production of a certain material is concentrated in few countries which makes 

conflicts much more probable. Rare Earth Metals for example, have a very high HHI of 93. 

Figure 11 shows corporate concentration (as measured by the HHI of production) for 

different materials in 1998 and 2008.  

 

 

 

 

 

 

 

                                                           
4
 http://www.nature.com/ngeo/journal/vaop/ncurrent/full/ngeo1185.html 
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Figure 11: Corporate concentration for selected metal ores and refined products (values above 2000 indicate a 
high level of corporate concentration)  

 

Source: EC (2010). 

As Figure 11 shows, there are generally no problems regarding company concentration for 

metals that are essential for renewable energy technologies. Therefore, this phenomenon is 

not further examined in this study. 

 

5.2 Technological strategies to face scarcity 

5.2.1 New mining projects  

Increasing demand usually goes hand in hand with increasing prices for raw materials, which 

make investments in new mining facilities lucrative and increase extraction. This 

phenomenon is well reflected in the renewed interest for PGM deposits in Greenland, the 

U.S. and Finland. These were previously thought to be uneconomic when prices were lower 

((European Commission, 2010b, European Commission, 2010a).  

The development of new mining projects, however, takes time, so that mine production 

cannot adapt quickly to meet changes in the demand patterns. Developing a large copper 

project, for example, can take between 9 and 25 years. In some EU member states, a quick 

development of new mining projects is difficult, as the exploration and extraction of new 

mineral deposits faces increased competition for different land uses and growing 

environmental concerns (European Commission, 2010b).  

5.2.2 Recycling 

Recycling can also get a stimulus from higher prices. Thus, it is difficult to predict whether or 

not growing demand from different technologies will cause shortages in the availability of 
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these materials. For many strategic metals, however, recycling is difficult because of their 

dissipative use or insufficient recycling technologies.  

Research and investment in this field would be profitable because higher recycling rates 

lower the supply risk for certain materials (secondary materials can be an important source of 

supply). The EU has a very advanced recycling industry with a lot of expertise and know-

how, due to with the lack of large mineral resources within its own territory. Over the past 

decades, however, the recycling industry has been confronted with growing difficulties to get 

access to scrap metals because of exports of scrap or products containing precious metals 

to countries with lower environmental legislation. This is a serious problem for Europe‘s 

access to essential resources (European Commission, 2008, European Commission, 

2010b).  

Recycling at the end of the use phase of products is sometimes problematic due to 

dissipative use of certain materials such as rare earths, indium or gallium. A strategy to face 

this problem is ―design for recycling‖ at the beginning of the product life cycle. This can mean 

trying to avoid scarce materials in the design process or choosing a design that is suitable for 

disassembly (Graedel, 2011). The higher the import dependence on an individual metal, the 

more important recycling becomes, especially if the possibilities for material substitution and 

savings in manufacturing are limited (European Commission, 2010b).  

5.2.3 Substitution  

Another way to face rising prices of materials and potential shortages is to explore 

substitutes for scarce materials. A substitute should provide similar performance without 

much higher costs and with no major new technology challenges (Graedel, 2011). One way 

is to replace one metal by another one of a similar quality, taking into account that one 

scarce metal is not replaced by another scarce metal or by a metal that may become scarce 

as a result of substitution, but rather by substitutes that are more abundant (e.g. indium by 

zinc). As Figure 12 shows, this is not always easy because substitutes that are suitable for 

similar applications are often also daughter elements, so they are rarely more abundant.  

Figure 12: Potential substitutes, example for optoelectronics 

 

 

Source: (Graedel, 2011). 
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Another way of substitution is to replace one product or technology with another that is not 

dependent on scarce materials (European Commission, 2010b). If there is a shortage of raw 

materials for thin film PV (Ga, In, Se) it could be replaced by silicon based PV. If Neodymium 

for permanent magnet of wind turbines runs short it would be possible to switch to wind 

turbines that do not run on permanent magnets and are thus not dependent on Neodymium, 

although their efficiency is lower (Tänzler et al., 2011). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



48 
 

6 Vulnerable resources  

This section provides a list of different metals that are important for the transition of the 

energy system towards renewable energy sources. This section takes on a European point 

of view, though it should be noted that resources necessary for a transition towards 

renewable energy technologies are basically vulnerable at a global level. Emerging markets 

such as China and South Africa, where solar and wind technologies provide a marginal share 

of their rapidly growing energy demand, and Brazil which strongly focuses on biomass and 

wind energy (UNEP, 2011), are also in the process of developing RET plants and distribution 

networks, often in the vicinity of metal resources.  

The following 14 materials were identified by the European Commission in its study on 

critical raw materials for the EU (European Commission, 2010b): antimony, beryllium, cobalt, 

fluorspar, gallium, germanium, graphite, indium, magnesium, niobium, PGMs (Platinum 

Group Metals), rare earths, tantalum, tungsten. 

Not all of these materials, however, are also crucial for Renewable Energy technologies. 

antimony, beryllium, fluorspar, graphite, niobium, and tungsten may be regarded as critical 

for different reasons, but as they are not related to the production of RET, they are not 

examined further in this study. On the other hand, some materials that are not listed as 

critical in the EC study are essential for the production of renewable energy, especially when 

assuming scenarios where renewable energy is significantly expanded on a global scale. 

These include the bulk materials of iron and steel, aluminium / bauxite, copper, and silicon as 

well as the specialty metals of lithium, tellurium, selenium, cadmium, silver, tin, chromium, 

and nickel (Kleijn).  

The final list of vulnerable resources relevant to the transition towards a renewable energy 

system is thus: 

 Aluminium / bauxite 

 Cadmium 

 Chromium 

 Cobalt 

 Copper 

 Gallium 

 Germanium 

 Indium 

 Iron and steel 

 Lithium 

 Magnesium 

 Nickel 

 PGMs (Platinum Group Metals) 

 Rare earths 
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 Selenium  

 Silicon 

 Silver 

 Tantalum 

 Tellurium 

 Tin 

6.1 Bulk materials 

In this section different bulk materials (metals) are examined that are necessary and thus 

essential for the construction of renewable energy plants respectively the transition of whole 

energy systems towards renewable technologies (energy storage, energy distribution). 

These metals are rarely found in literature examining possible shortages for rare materials. 

Iron and Steel 

Iron is the most widely used metal of all and one of the most abundant ones in the earth 

crust. As deposits of iron ore can be found in many countries (European Commission, 

2010a), and worldwide resources for iron ore can be regarded as almost infinite (RWI et al., 

2006), there is no danger of supply restrictions due to a concentration of deposits in a few 

countries.  

Even if demand for iron and steel should rise sharply in the next years or decades it is not 

likely that a shortage in supply will occur. At the current level of demand the reserve base 

would last for 120 years (reserves-to-production ratio), and the resource base of 800 billion 

metric tons is enormous.  

Recycling rates are already quite high; 40% at worldwide and 56% in the EU (European 

Commission, 2010a). An increasing rate of steel scrap recycling can be expected, which is 

partly due to the use of electric arc furnace steelmaking that allows very high rates of steel 

scrap.  

Steel is easier to substitute than other materials. The EC (European Commission, 2010a) 

describes a ―classic substitution triangle‖ containing steel, aluminium and plastic. For 

example gas installations formally made of steel are increasingly adopting plastic pipes.  

In short, there should be no danger for renewable energy production because of shortening 

of iron or steel production.  

6.1.1 Aluminium / Bauxite 

A study by RWI (RWI et al., 2006) states that bauxite, which is the base material for 

aluminium production, can have a reserves-to-production ratio of 150 years, which makes 

shortages in the supply very unlikely within the next years or decades. Even if bauxite will run 

short one day there can be expected economical alternatives for production. However, as 

aluminium is the most abundant metal in earth crust, the long term supply seems to be 

almost infinite. 
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There is no dangerous country concentration for the production of aluminium. In 2008, it was 

produced in 42 countries worldwide, including 13 EU Member States. Bauxite reserves are 

also widely distributed across the world. They can be found in Africa (32%), Oceania (23%), 

South America and the Caribbean (21%) and Asia (18%). Although some countries apply 

export restrictions on aluminium or bauxite (most of them concerning aluminium scrap) this 

poses no great danger for future renewable energy production (European Commission, 

2010a). 

From 1976 to 2005, the demand for aluminium grew from 13 million tonnes to 32 million 

tonnes, and it is expected to grow further in the future. Due to the sufficient reserve base and 

growing recycling rates all over the world no scarcities are to be expected.  

6.1.2 Copper  

Copper is a major industrial metal, ranking third after iron and aluminium in terms of 

quantities consumed. Especially because of its electrical conductivity copper is of high 

relevance for a future energy supply system. Copper is very important for transportation, 

automotive engineering as well as construction (e.g. for wires, plumbing, and electrical 

outlets).  

In the future, several drives may push up demand, such as more efficient motors and wiring, 

hybrid vehicles, and other applications to reduce pollution. Electric vehicles will require 

significantly more copper than existing vehicles. Concerning the expansion of renewable 

energy production, the European Commission point out: ―Given the expanded emphasis on 

renewable electricity and the resulting need for more cables, generators etc, copper demand 

will go up with renewable targets” (European Commission, 2010b). 

Additionally, the electronics sector will be a driver for demand (ibid.). 

Copper is the best electrical conductor after silver and is widely used in the production of 

energy-efficient power circuits. Electron tubes used in televisions and computer monitors, 

audio and video amplification and in microwave ovens depend on copper for their internal 

components. Copper is extensively used in computers where cables, connectors and circuit 

boards all rely on copper. Copper is increasingly being used in computer chips in place of 

aluminium, resulting in faster operating speeds. Copper wire is extensively used in 

telecommunications and is essential for high-speed communication between computers.  

Between 1995 and 2008, world production of copper increased by 50% (from 9.8 billion 

tonnes to 15.5 billion tonnes). The proportion of copper mined in South America increased 

from one quarter to one half within the last 25 years. Chile increased its production from 16% 

of world production in 1985 to 35% in 2005. At the same time, a relocation of global 

manufacturing capacity has taken place towards emerging economies of central Asia 

(especially China), which has a significant influence on worldwide copper trade flows.  

Even though copper is relatively easy to recycle, the recycling rate has been static for some 

time, and there is potential for the future. The end of life recycling rate is 47%, which is 

higher than for most other metals, the recycling rate is 34%.  
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In many applications, copper is very difficult to substitute due to its unique qualities. In a 

number of non-electrical construction applications it can be replaced by aluminium or non-

metal materials. Improvement in this substation effort could mean that this material could be 

used in applications where substitution is difficult or impossible.  

6.2 Special metals related to RET 

In the following part various metals are examined which are mentioned in different studies in 

the context of possible impending scarcities concerning renewable energy technologies as 

well as other future technologies. Here they are referred to as ―special metals‖ because they 

are used often in small quantities but are nevertheless very important for RET. 

6.2.1 Materials related to photovoltaic  

6.2.1.1 Silicon 

Silicon is the most common material for photovoltaic applications. Mono and poly crystalline 

solar cells based on silicon have the highest share of PV installations, but also thin film PV 

cells based on silicon are an established technology (Fechner et al., 2007).  

Silicon was not mentioned in any of the literature on scarce and critical materials reviewed 

for this study. With a share of 28% in earth crust, silicon is abundant. The reserves-to-

production (R/P) ration is in the range of thousands of years. Other materials for (thin film-) 

PV are more problematic, notably indium and gallium (see sections below). Moreover, the 

reserves of silica sand/glass sand, which are the base materials for silicon production, are 

distributed around the world (European Commission, 2010a). Thus there is no danger of a 

substantial shortage of silicon.  

6.2.1.2 Indium  

Indium is a heavy metal, Indium, which is hardly found in native form and usually occurs as 

compounds in zinc ores. It is mostly recovered from sphalerite, a lead-zinc-sulphide mineral 

(European Commission, 2010a). Although the geochemical properties of indium are such 

that it occurs with other base metals—copper, lead, and tin—and to a lesser extent with 

bismuth, cadmium, and silver, most deposits of these metals are sub economic for indium. 

Indium use has continuously grown over the last 20 years and is critical for the photovoltaic 

industry (especially thin film PV). Installed global solar capacity is estimated to grow by 30 – 

35% each year (Buchert et al., 2009) and will require additional indium. Estimated annual 

growth rates for the future range between 5 – 10%. The main use of indium is the production 

of indium tin oxide (ITO). ITO thin-film coatings are primarily used for electrically conductive 

purposes in a variety of flat-panel devices, notably liquid crystal (LCD) displays (Buchert et 

al., 2009). Other end uses included solders and alloys, compounds, electrical components 

and semiconductors, and research. Upcoming applications include Organic light emitting 

diodes (OLEDs) (ibid.). 
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Several substitutes have been developed for indium. Antimony tin oxide (ATO) coatings, 

which are deposited by an ink-jetting process, have been developed as an alternative to ITO 

coatings in LCDs and have been successfully annealed to LCD glass. Antimony, however, is 

itself a very rare element and is hazardous to human health. Carbon nanotube coatings, 

applied by wet-processing techniques, have been developed as an alternative to ITO 

coatings in flexible displays, solar cells, and touch screens. Poly (3,4-ethylene 

dioxythiophene) (PEDOT) has also been developed as a substitute for ITO in flexible 

displays and organic light-emitting diodes. PEDOT can be applied in a variety of ways, 

including spin coating, dip coating, and printing techniques. Graphene quantum dots have 

been developed to replace ITO electrodes in solar cells and also have been explored as a 

replacement for ITO in LCDs. Researchers have recently developed a more adhesive zinc 

oxide nanopowder to replace ITO in LCDs. The technology was estimated to be 

commercially available within the next 3 years. Indium phosphate can be substituted by 

gallium arsenide in solar cells and in many semiconductor applications. Gallium, however, is 

also scarce. Hafnium can replace indium in nuclear reactor control rod alloys, but it is only 

another scarce element. (Buchert et al., 2009) 

Indium is mainly recycled from production scrap. According to estimates by the Swiss 

Academy of Engineering Sciences approximately 60% to 65% of the indium contained in 

these wastes will be recycled (Achzet et al., 2011). Globally, about 400 tonnes per annum 

are secondary production is with an increasing trend. Indium can also be recycled from PV 

modules and flat-panel displays and there is future potential for considerable quantities 

available for recycling – if appropriate processes can be invented and established. 

Making recycling processes economically viable, however, remains challenging because 

indium use is dissipative and widespread. One option to expand production in the medium 

term is by increasing indium recovery from tailings. 

Short time volatility of indium supply is considered as critical; extraction is dependent on 

development in zinc mining sector, which could be a bottleneck (Buchert et al., 2009). 

Overall, the supply of indium is critical to currently deployed technologies for solar PV, LCD 

displays and other electrical appliances, as there is a medium likelihood of constraint in 

indium supply relative to the time needed to develop alternative supply routes or substitutes 

(Achzet et al., 2011). 

6.2.2 Gallium 

Gallium is a rare metal that does not occur in elemental form in nature, but as the gallium(III) 

salt in trace amounts in bauxite and zinc ores. In 2010, the top three producers were China 

(32%), Germany (19%) and Kazakhstan (14%) (Achzet et al., 2011). Presently almost all 

primary gallium is a by-product of bauxite processing, and smaller amounts are produced 

from zinc processing residues.  

The great majority (98%) of gallium is used in electronic components. In microelectronics, the 

semiconducting material gallium arsenide (GaAs) is crucial for diodes, transistors, microwave 

systems and photocells on which cell phones, especially smart phones, are based (Achzet et 
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al., 2011). Other applications include integrated circuits in computers and telecommunication, 

solar cells and others like special alloys and high temperature applications. 

Gallium demand (especially for GaAs containing devices) is estimated to continue growing 

by 5 to 10% per year. The overall increase until 2020 may be between 100% and 250%.  

Substitution by other metals is discussed, but for around 40% of the gallium applications a 

substitution by other metals is difficult or impossible. In the future organic-based LED could 

maybe compete with GaAs based displays.  

The main supply restriction is the time span to install further gallium production technologies 

at bauxite and zinc processing plants. There are already large capacities for pre consumer 

recycling post consumer recycling is very difficult due to high dilution rates of gallium in 

applications. Post consumer recycling will only be possible in sophisticated WEEE smelting 

plants and requires an efficient electronic scrap collection system. Currently no common post 

consumer recycling is known (Buchert et al., 2009).  

In 2010, supply and demand appeared to be in balance in the EU. It is not certain, however, 

that future EU needs will be met, as 40 to 50% of produced Gallium will result from recycling 

in the future and most of the recycling could take place in Japan. In order to ensure that the 

EU industry is self sustaining in the future, it will be necessary to retain gallium-containing 

scrap and favour recycling processes (European Commission, 2010a). 

6.2.3 Germanium  

Germanium is a rare metal that is especially critical for the photovoltaic industry. Germanium 

is not particularly rare, but only a few minerals contain significant amounts, and no mining for 

germanium itself is carried out (Achzet et al., 2011). Most extraction comes from lead zinc 

ores, especially the zinc sulphide mineral sphalerite. It is also concentrated in coals, of which 

some have concentrations of potential economic importance. The major producers are 

China, Russia, the US, Canada, Chile and Belgium (due to recycling). Even though 

germanium raw material is not recovered within the EU, imported ores are refined and 

germanium metal is exported. The main import source for the EU is China (European 

Commission, 2010a). 

Germanium is mainly used in optical materials (50% of world germanium consumption) and 

catalysts. Its use is also increasing in LED production and as substrates in photovoltaic cells 

where it can achieve higher efficiencies than conventional single-junction silicon solar cells 

(Buchert et al., 2009, Achzet et al., 2011). Other future applications include infrared-based 

security and surveillance equipment (Buchert et al., 2009). Demand for optical fibres is 

estimated to be eight times higher in 2030 than today in 2009. Another possible driver for 

demand could be night sight devices in automobiles (European Commission, 2010b). 

Prices increased strongly during the 1990s, reaching a peak at around 2.000 USD/kg. After 

that peak price development was volatile. Demand for germanium has been growing steadily. 

Future annual demand rates of between 1% and 1.9% are estimated, which is moderate 

compared to other metals.  
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Although (post consumer-) recycling is technically and economically difficult (products 

contain very small amounts of the metal), 30% of the world‘s supply is produced from 

recycling and interest in recycling is growing (Achzet et al., 2011). 

Regarding the substitutability of germanium, a few possibilities exist. Germanium can be 

substituted in infrared systems with zinc and selenium, where performance is not critical and 

also wherever where germanium acts as a semiconductor. In general, however, germanium 

is considered as more economic to use than its substitutes and is still the most reliable 

material for high-frequency applications. For PET production catalysis, other metals can be 

used as substitutes (ibid.). For its use as a catalyst germanium can be replaced by titanium 

or aluminium. Si-Ge chips in microelectronics can be replaced by Si-based chips, even 

though their performance is minor. In fibre optics zirconium or indium based glass fibre 

cables could replace germanium based technologies (RWI et al., 2006). 

In conclusion, germanium faces a number of supply constraints and remains highly critical for 

solar PV and light applications. 

6.2.4 Tellurium  

Tellurium is usually extracted as by-product of copper and lead production. Large producers 

include Japan, Russia, Peru, Belgium, China, Canada, and the USA. Currently, there are 

high limitations to expanding production capacity.  

Tellurium is mainly used in metallurgy (42%) as an additive to metals, especially in steel and 

with copper, to improve machinability. The second biggest use is in chemicals and catalysts 

(21%). In RET, tellurium in combination with cadmium (CdTe) has shown great promise as a 

material for producing high efficiency photovoltaic (PV) cells. Thus, 26% of tellurium is used 

for photovoltaic. Emerging technologies using tellurium, include Blu-Ray discs and 

thermoelectric coolers in thermal imagers and solar cells that use the Peltier solid state 

cooling effect (Achzet et al., 2011). 

Tellurium is currently one of the most highly demanded metals (Moss et al., 2011). Demand 

is increasing rapidly, for example for flash memory and cadmium – tellurium solar cells, 

although the use in traditional applications (alloys) is decreasing due to rising tellurium 

prices. Future demand growth is estimated between 5% and 10% a year. Even higher growth 

rates are thinkable, but in this case the demand will exceed the existing production capacities 

as well as theoretical production capacities within a few years, so a supply shortage might 

occur in the short term. In response to the large increase in demand, the price of tellurium 

has risen continuously over the last 30 years.  

The percentage of recycling is still low as the majority of the use, to date, has been 

dissipative Small amounts of tellurium are recovered during the manufacture of tellurium-

bearing electronics. CdTe PV cells will be recyclable and the percentage recovered should, 

therefore, increase considerably from the current level of 7% (Achzet et al., 2011). If 

electronic scrap is collected efficiently and processed in appropriate smelting plants, 

recycling from electronic scrap will be possible in the future. In view of the expected 
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bottlenecks in tellurium supply, research on adequate substitutes which are abundantly 

available is necessary (Buchert et al., 2009).  

Several substitutes can be used instead of tellurium. For example, currently at the cost of a 

loss in production efficiency or product characteristics), substitutes in many free-machining 

steels include bismuth, calcium, lead, phosphorus, selenium, and sulphur. Several of the 

chemical process reactions catalysed by tellurium can be carried out with other catalysts or 

by means of non-catalysed processes. (European Commission, 2010a). 

In brief, tellurium is subject to a number of supply risks. If PV were to supply 10% of the 

projected worldwide electricity demand in 2030, its supply would have to grow by 18%. This 

rate seems unlikely to be met (Achzet et al., 2011). 

6.2.5 Cadmium 

China and India hold around a third of all cadmium reserves worldwide. Cadmium is a minor 

component in most zinc ores. As such, it is usually isolated as a by product from mining, 

smelting and refining sulphides‘ ores of zinc. Cadmium can also be recovered from lead and 

copper. The main source of secondary cadmium us the dust generated by the recycling of 

iron and steel scrap. It can also be recovered from old NiCd batteries. 

The majority of the world‘s primary cadmium production takes place in Asia (mainly in China, 

the Republic of Korea, Japan and Kazakhstan). Secondary production of cadmium 

accounted for approximately 20% of all cadmium metal production worldwide, with most 

secondary metal being produced from the recycling of nickel cadmium (NiCd) batteries. In 

2008, the EU32 (the EU27, plus Iceland, Liechtenstein, Norway, Switzerland and Turkey) 

accounted for 11.3% of world production of cadmium, with Poland, Germany, the 

Netherlands and Bulgaria as main producers (Moss et al., 2011).  

The supply of cadmium is relatively secure. Due to the reduction of cadmium 

consumption from other traditional sectors there should be sufficient supply of future PV 

applications (Angerer et al., 2009). The political supply risk is considered as low. While the 

risks for European cadmium supply from China and Kazakhstan are relatively high, these 

risks are balanced by the spread of global production around the world and the number of 

stable and reliable suppliers, such as Japan and South Korea (Moss et al., 2011).  

The main and increasing application of cadmium is NiCd batteries (76%). Cadmium is also 

used for metal coating and pigments in plastics, glass and ceramics and as a stabiliser for 

plastics improving corrosion resistance. However, these applications have been losing 

importance due to health and environmental concerns (Moss et al., 2011). 

Over the last decade, cadmium demand has slowly but steadily declined (Moss et al., 2011). 

This was partly due to increasing health and safety risks and regulations and partly due to 

the substitution of NiCd batteries with more advanced technologies such as NiMH and Li Ion 

batteries. Overall, demand for cadmium is expected to decline further in the future, and the 

supply of secondary cadmium is likely to increase due to environmental legislation (ibid.).  
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6.2.6 Selenium 

Selenium is used for photosensitive electronic equipment like Photodiodes or 

Phototransistors (copy-machines, laser printers). Also glass industry needs selenium for the 

production of green and red glass. But selenium is also an essential material for thin film 

photovoltaic. In this field demand is expected to increase from 1 ton in 2007 to 165 tons in 

2030 (Angerer et al., 2009). 

The reserve base for selenium is 82.000 tons, Japan (48%), Canada (20%) and Belgium 

(13%) are the main producers, of which just Canada has own mine production, the rest is 

produced from imported ores. The production of selenium is related to copper production. It 

has a very low abundance in the earth crust of around 0,05 ppm which is similar to silver and 

Indium. The reserve base is distributed around the world so no problems for supply are likely.  

In the future the demand for selenium from glass industry will stay at the same level as 

today, the use in copy machines will run out due to technological progress (like for other 

applications, e.g. Si for power inverters). Thus the massively growing demand from thin layer 

PV should be covered by these capacities (Angerer et al., 2009). 

Recycling (of CIS PV modules) is not established yet. A possible substitute for selenium is 

silicon. 

 

6.3 Materials related to other renewable energy technologies, 

energy storage, fuel cells and additional energy related applications 

6.3.1 Platinum  

Platinum is one out of six platinum group metals (PGM) - platinum (Pt), palladium (Pd), 

rhodium (Rh), ruthenium (Ru), iridium (Ir) and osmium (Os). Most platinum (77%) is produced 

in South Africa (Buchert et al., 2009), where 90% of the world`s PGM reserves are located 

(European Commission, 2010b). The EU mainly imports platinum from South Africa (60%) 

and Russia (more than 30%) (ibid.). Platinum is coupled with other PGM or nickel ores, the 

PGM concentration in ores range between 5 and 10 parts per million (ppm). 

The main applications of platinum currently include automotive catalysts, industrial 

applications and jewellery 23%. High recycling rates are especially common in industrial 

applications. Prices for platinum approximately doubled between 1998 and 2003 (from 

11,960 USD/kg to 22,216 USD/kg) and again between 2007 and 2007 (to 41,925 USD/kg) 

(Buchert et al., 2009). The price rise has led to interest in areas and deposits previously 

thought to be uneconomic (Greenland, USA, Finland) (European Commission, 2010b).  

A continuous increase in prices is expected because of growing global platinum demand. 

Demand tripled between 1980 and 2008. The ongoing boom has mainly been driven by 

automotive catalysts, and demand is expected to increase further due to growing vehicle 

demand worldwide and higher emission standards (even in emerging countries), which 
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means that more automotive catalysts will be built. Other future applications (but which have 

lower priority) include LCD glass and fibre glass (Buchert et al., 2009). 

PGM as raw materials for catalysts are expected to play a big role in fuel cell applications 

(fuel cell cars, stationary fuel cells) as well as in other technologies for environmental 

protection and emission control, such as ―four way catalysts‖ in car engines (control of gas 

and particulate emissions in one single system) as well as stationary applications 

(generators, Turbines and industrial processes) (European Commission, 2010a). 

Between 2004 and 2025, total platinum demand could increase by between 63 and 99%. 

Due to better recycling, platinum mining is expected to increase by 54 – 88% (total) over the 

same period. Annual growth rates of 2.2% and 3.3% are regarded as possible (Buchert et al., 

2009).  

Recycling of platinum is very common (in developed countries) due to advantageous 

chemical characteristics of platinum and its high economic value. Platinum is recycled from 

automotive catalysts, WEEE scrap and others. For industrial applications, for example in the 

glass industry and in industrial catalysts, the overall recycling rate amounts to 90-95%.  For 

consumer applications the recycling rate is much lower. There are difficulties in the collection 

systems for dissipative applications. There is also a drain of secondary material from 

developed to developing countries (in the form of legal export goods, but also as illegal 

exports) which do not yet have the infrastructure to treat WEEE or end-of-life vehicles in a 

proper way. A solution for this problem could be seen in international co-operations regarding 

recycling chains. An overall global recycling quota for platinum of 70% should be a minimum 

target for 2020 (up from about 45% today) (Buchert et al., 2009). 

6.3.2 Palladium  

Palladium is mainly used for automotive catalysts, electronics and jewellery. Between 1980 

and 2007 net palladium demand more than tripled. Further growth in demand is likely. As 

palladium costs only half the price of platinum, it is very attractive for automotive catalysts. A 

study by Öko – Institut estimates a 63 – 99% demand increase between 2004 and 2025. 

Palladium mining and production are regionally concentrated. Reserves are mainly found in 

South Africa (60 – 70%) and Russia. About half of world‘s palladium is produced in Russia 

(where plant infrastructure needs modernisation), followed by South Africa, Canada and the 

USA (Buchert et al., 2009). Palladium occurs strictly coupled with other PGM or nickel. 

Recycling of palladium is very common because of its high economic value and recycling 

friendly characteristics. In the industrial sector recycling rates of about 90% are reached. 

Recycling flows of palladium will have an increasing relevance to moderate the increase of 

net demand that has to be satisfied by mining production. Especially post-consumer 

recycling should be intensified.  
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6.3.3 Rare Earth Oxides  

Reserves of rare earth oxides5 are largely found in China, the Commonwealth States and the 

USA. More than 95% of global mining takes place in China. China is also a leader in 

processing rare earth oxides and in rare earth technology. There is no coupling with none-

rare earth elements.  

For strategic energy technologies, dysprosium is regarded as critical (Moss et al., 2011). 

Rare earth oxides are used for a variety of applications in different sectors, from glass 

polishing to high tech industries. In the US, they are mainly used for automotive catalysts, 

petroleum refining catalysts, metallurgical additives and alloys, glass polishing and ceramics, 

lighting, TVs and monitors (USGS, 2011). 

Prices in 2006 ranged from 30 USD/kg for abundant elements up to 3,500 USD/kg for scarce 

elements.  

The global demand increased dramatically over the past five decades, from 1,000 t in 1953 

to 85,000 t in 2003 and to 132,500 t in 2008. The average annual growth rates in the past 

were 4.4% over the last 12 years and 4.8% over the last five years. This trend is expected to 

continue because rare earths are part of many high tech applications. Annual growth rates 

between 4.5 and 9% (upper limit with many new applications) are predicted. Upcoming 

applications include magnetic devices, catalysts, batteries, fuel cells, electronic fibre optics 

and medical applications.  

Recycling of rare earths is very difficult, as it is widespread in low concentrations and 

frequently used in alloys. Furthermore the rare earths hold a disposition to slag (as oxides) in 

smelting plants. This makes the recycling from WEEE difficult (Buchert et al., 2009).  

For this study, neodymium is very important because of its use in the permanent magnets of 

wind turbines. Shortages in supply because of policy measures of exporting countries 

(China) could have a massive effect on the production capacities of wind generators in 

countries that are dependent on imports.  

6.3.4 Cobalt  

In 2007, about half of the world‘s cobalt mining production came from the Democratic 

Republic of Congo, followed by Australia (20%) and Cuba (14%). Cobalt is usually produced 

as a by-product of copper and nickel. Over the last 10 years, the global mining capacity 

doubled in response to increasing global demand (especially for batteries). No natural 

scarcities are noticeable. 

Cobalt is mostly used in combination with other metals. Its main uses include super alloys, 

battery applications, cemented carbides, as well as its use as a catalyst material in plastics 

and textiles industries. Annual demand is projected to grow by 1.7-2.8% until 2025. 

Between 2002 and 2007, the price of cobalt almost quadrupled (from 17 to 66 USD/kg). 

These developments strongly depend on technological developments. In battery 

                                                           
5
 Examples of rare earth oxides include cerium, dysprosium, erbium, europium, gadolinium, holmium, 

lanthanum, lutetium, neodymium, praseodymium, samarium, terbium, thulium, ytterbium, and yttrium. 



59 
 

technologies, the demand for cobalt could soon reduce if the current cathode material 

Lithium Cobalt Oxide (LCO) will be gradually replaced through Lithium Nickel Cobalt 

Manganese Oxide (NMC), Lithium Iron Phosphate (LFP) and Lithium Nickel Cobalt 

Aluminium Oxide (NCA). LCO contains 60% cobalt, whereas NMC and NCA only contain 10-

20% and 9% cobalt respectively, and LFP contains no cobalt at all (Buchert et al., 2009). 

However, due to the unique properties of cobalt, substitution is difficult in other applications. 

Almost all substitutes result in reduced product performance (European Commission, 

2010a). 

Recycling of cobalt is common. The recycling rate grew from 18% in 1995 to 20% in 2005. 

Increasing recycling is still possible and encouraged, for example through the European 

Battery Directive that aims to increase the number of collected batteries. Enhanced recycling 

rates could also help to stabilise prices (Buchert et al., 2009). 

Competition for cobalt has become fiercer in recent years, especially due to Chinese cobalt 

producers who focus on African sources and take advantage of low financial costs linked to 

State support. For the EU, this is a serious cause for concern, a.o. in view of the size of the 

Chinese cobalt industry and its rate of development under State incentive policies (European 

Commission, 2010a). 

6.3.5 Lithium  

Global lithium reserves are mainly located in Chile (73%), and to a lesser extent in China 

(13%), Brazil (5%), Canada (4%), Australia (4%) and other countries (1%). Global mining is 

also dominated by Chile (38%), followed by Australia (22%), China (12%), Argentina (12%) 

and others (16%). 

The main applications of lithium include batteries, ceramic / glass, lubricating grease, and 

pharmaceutical/polymers. More than 60% of all cell phones and 90% of all laptop computers 

worldwide are powered by Li batteries.  

Largely due to the boom in rechargeable batteries, demand for lithium has grown by 7.5% 

over the last decade. Between 2003 and 2007, the share of Li - batteries more than doubled 

(from 12% to 25%). However, lithium generally remains a low priced metal.  

Further growth of lithium demand is predicted, especially for hybrid electric vehicles and 

other energy storage applications. Annual growth rates of 5-10% are regarded as possible 

(10% if lithium battery technologies conquer the mass market for hybrid electrical vehicles or 

even all – electrical vehicles) (Schüler et al., 2011). 

Recycling of lithium is not yet common, mainly due to the low price of lithium and the low 

lithium concentrations in products and compounds due to the low atomic weight of lithium. 

Possible lithium recycling in the future is hard to predict. Economic incentives are much lower 

compared to other metals, but a larger stream of down - stream lithium material will occur 

(batteries). There is a mandatory EU target to recycle 45% of the portable batteries in the EU 

member states by 2016 (European Commission, 2010a). This may be a boost for lithium 

recycling.  
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The reserve base of lithium is not critical, even with high growth rates in demand (European 

Commission, 2010a, Buchert et al., 2009). Substitutes for lithium compounds are possible in 

batteries, ceramics, greases, and manufactured glass (European Commission, 2010a). 
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7 Quantifying supply risks and deriving price tendencies 

7.1 Methodology 

7.1.1 Risk grid 

The overall supply risk index for the metals under consideration is evaluated as low, medium 

or high. For the evaluation, data have been collected to determine the market risk (which 

contains the indicators ―Risk of rapid demand growth‖ and ―Limitations to expanding 

production capacity‖ and the political risk, which contains the indicators ―Concentration of 

supply‖ and ―Political risk‖ (see Table 16) 

Table 16: Indicators in the risk evaluation grid 

Market risks Political risks 

Risk of rapid demand 

growth 

Limitations to 

expanding production 

capacity 

Concentration of 

supply 

Political risk 

 

Each of the four indicators is scored as low, medium or high (Risk of rapid demand growth 

can also be evaluated as ‗very high‘) – according to the underlying data and scoring criteria 

(explained in Table 17). Market risks are considered as low if both of the underlying 

indicators are scored as low or one is scored as low and the other one as medium. If ―Risk of 

rapid demand growth‖ as well as ―Limitations to expanding production capacity‖ are scored 

as medium the market risks are considered as medium as well as if one is scored as high 

and the other one as low. If one or both of the indicators are scored as high with the other at 

least being scored medium the market risks are considered to be high. If ―Risk of rapid 

demand growth‖ is scored as very high, market risk is automatically scored as high.  

If ―Concentration of supply‖ is scored as low the ―Political risk‖ is not taken into account. If 

―Concentration of supply‖ is scored as medium the average of ―Concentration of supply‖ and 

―Political risk‖ is taken for ―Political risks‖ (if necessary the value is brought down to a round 

figure). If ―Concentration of supply‖ is scored as high the ―Political risk‖ is taken as the value 

of ―Political risks‖. 

For the ―Overall risk‖ the value of ―Market risks‖ can only be increased by the political risk 

and never be reduced. If ―Political risks‖ increase the value of the ―Market risks‖, the average 

is taken and if not clear defined always round up. 
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Table 17: Scoring Criteria for the risk indicators 

Indicator Rationale Basis of 

assessment 

Scoring criteria 

Risk of 

rapid 

demand 

growth 

 Growth in 

demand forecast 

between 2010 

and 2030 

combined with 

costs for 

substitution (the 

higher the index – 

the more 

expensive 

substitution is)  

and economic 

relevance 

Very High: Growth in demand over 350%.  

High: Growth in demand over between 

250% and 349.99% combined with an 

index of cost for substitution higher/equal  

than 0.5 and an economic relevance 

over/equal 5  

Medium: Growth in demand between 

100% and 249.99% combined with an 

index of substitution over/equal 0.5 and a 

value of economic relevance over/equal 5 

- or a growth in demand between 250% 

and 349.99% with a index of substitution 

below 0.5 and/or an economic relevance 

below 5 

Low: Growth in demand below 100% or 

growth between 100% and 249.99% 

combined with an index of substitution 

below 0.5 and/or an economic relevance 

below 5. 

Limitations 

to 

expanding 

production 

capacity 

Recycling rate is 

included in ratio 

reserves/production 

by increasing the 

value according to 

the recycling rate 

(e.g. recycling rate of 

50% increases the 

ratio 

reserves/production 

by 50%) 

Analysis of ratio 

production/reserv

es combined with 

recycling rates 

and mining 

capacities 

(daughter metal, 

environmental 

risks) 

High: If the metal is mined a 100% as a 

by-product and this implicates a high risks 

of limitations to expanding production 

capacity or ratio r/p adjusted with recycling 

is below 15 or ratio r/p adjusted with 

recycling is between 15 and 30 and 

environmental country risk factor is above 

2.5  

Medium: If ratio r/p adjusted with 

recycling is between 15 and 30 or ratio r/p 

adjusted with recycling is above 30 and 

environmental country risk factor is above 

2.5  

Low: If ratio r/p adjusted with recycling is 

above 30 and environmental country risk 

factor is below 2.5 

Concentrati

on of 

supply 

EU import 

dependency is the 

first criterion. If there 

is no import 

dependency – 

concentration of 

supply is low. If there 

is a import 

dependency – this 

HHI production 

and reserves, EU 

import 

dependency 

High: If import dependency is high 

(between 67% and 100%) and average of 

HHI production and HHI reserves is above 

2000 

Medium: If import dependency is medium 

(between 33% and 67%) and average of 

HHI production and HHI reserves is above 
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criterion can be 

corrected down by 

the average of HHI 

production and 

reserves 

2000 

Low: If import dependency is low 

(between 0% and 33%) or average of HHI 

production and HHI reserves is below 

2000 

Political 

risk 

 Worldwide 

Governance 

Index 

High:  Weighted average of WGI is 

between -2.5 and -0.5 

Medium: Weighted average of WGI is 

between -0.5 and 0.5 

Low: Weighted average of WGI is 

between 0.5 and 2.5 
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7.1.2 Metal Supply Risk Assessment 

Each RET metal has been assessed with the full risk grid, thus resulting in an overall risk 

rating for each individual metal under a specific ‗energy demand - resource‘ scenario 

combination. The following table shows the sources used for each single criterion of the 

evaluation: 

 

Table 18: Sources for risk evaluation research 

Risk of rapid demand growth 

Growth in demand 

between 2010 and 

2030 

Reference scenario 

(min/max/mix) 

own calculations, see 

section 3.1 

Advanced scenario 

(min/max/mix) 

own calculations, see 

section 3.1 

Substitutability index  European Commission (2010a) 

Economic relevance  European Commission (2010a) 

Limitations to expanding production capacity 

% mined as daughter metal Moss et al. (2011), 

Graedel (2011) 

Risks arising from mining restrictions of parent metal (0/1) Graedel (2011), European 

Commission (2010a), 

Wikipedia 

Reserves-production-rate adjusted with recycling rate  Reserves: USGS (2011), 

Praschl et al. (2008) 

Production: USGS (2011) 

Recycling rate: European 

Commission (2010a) 

Environmental country risk  European Commission (2010a) 

Concentration of supply 

EU import dependency European Commission (2010a) 

Average HHI production and reserves Zittel (2012) 

Political risk 

WGI weighted average WGI: World Bank (2011) 

Mine production per country: 

USGS (2011) 

  

 

The final rating per scenario can be Low, Medium or High. For example, the risk assessment 

for the reference BAU energy demand scenario is constructed as follows: 
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Table 19: Risk assessment for Aluminium in the reference BAU scenario:  

 
Aluminium 

Risk of rapid demand growth 
 Growth in demand between 2010 and 2030 183% 

Cost for substitution 0.51 

Economic relevance 8.9 

 
Medium 

Limitations to expanding production capacity 
 % mined as daughter metal 0 

Mining as daughter metal does not imply 
additional risks 

 
 Reserves/Production adjusted with recycling rate  

       
1,185,196  

Environmental country risk 0.2 

 
Low 

Concentration of supply 
 EU import dependancy 0.47 

 Average HHI production and reserves  
                

1,393  
   Low  

Political risk 
 

 WGI weighted average  
                  

0.01  

 
Medium 

Overall risk Low 

 

Summary pages for all metals considered in the analyses are provided in the Annex, 

showing the values found for each of the criteria of the risk evaluation method. On a second 

page the results of the risk evaluation are shown for the 8 scenario combinations (2 energy 

scenarios x 4 resource scenarios).  

7.2 Results of risk assessment 

This section shows the summary of the overall supply risk for each metal in each of the 4 

resource scenarios (BAU, S1: Cooperation and Progress, S2: Technology optimism and S3: 

Challenging the limits) for both the reference and the advanced/energy demand scenario in 

2030. Furthermore, the resource supply risk is assessed for the min, mix and max reference 

assumptions. As such, 2 energy demand scenarios x 4 resource scenarios x 3 reference 

assumption schemes gives 24 risk ratings per RET metal.  

Figure 13 starts with the risk assessment under the max reference assumptions. At first 

glance, a large difference between the advanced and the reference scenario is noted. 6 

metals show a high supply risk under nearly all resource scenarios in the advanced energy 

scenario, whereas several other special RET metals are being assessed with a medium-high 

supply risk. High supply risks for most metals are encountered under the „challenging 

the limits‟ resource scenario, where global world regions face increased competition over 
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resource supplies. But also under the co-operative ―technology optimism‖  resource scenario, 

supply risks are high, mainly as a result of a high demand growth.  As could be expected, S1 

“Cooperation and Progress” is the resource scenario with the lowest risk profile. 

Zooming in on the metals with the highest supply risks under the advanced energy demand 

scenario, it can be concluded that gallium, germanium, lithium and neodymium top the 

risk ranking. The major risk of gallium and germanium supply (as well as indium and 

tellurium) is that these metals are daughter metals of other base metals. It means that there‘s 

limited or no correlation between prices and production and that there‘s little incentive to 

increase output due to the limited amounts used. For neodymium, the main risk is related to 

the long lead time to expand production, thus particularly challenging the strong growth in 

demand for E-mobility, and to a lesser extend in wind technology Finally, the concentration 

risk (China) for Neodymium is also high. Lithium‘s high supply risk largely stems from a 

concentration risk (Chile). Experts project, however, that total production will be sufficient. 

The Platinum Group Metals (platinum and palladium) mainly has a concentration risk 

(South Africa and Russia) and runs the risk of rapid demand growth for automotive catalysts. 

Indium, silicon, tantalum and cobalt show a medium-high supply risk in the advanced 

scenario. Finally, it should be noted that the bulk metals - e.g. aluminium, iron, copper, nickel 

- show low supply risks, even in the (max) advanced energy growth scenario.  

Looking at the supply risks under the reference energy scenario, it can be concluded that 

they are limited. Neodymium is the only metal with a high supply risk in all reference 

scenarios. Lithium also shows significant supply risk in a competition scenario. Overall, like 

the reference scenario – supply risks are the highest under the ‗challenging the limits‘ 

resource scenario.  

 

Figure 13: RET metal supply risk assessment for 4 resource supply scenarios under the ADV and REF energy 
demand scenarios (max) towards 2030  

 

H=High supply risk, M=Medium supply risk, L=Low supply risk 
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Risk assessments under the mix assumptions (Figure 14) hardly differ from the assessment under the max assumptions ( 

 

 

 

 

 

 

 

Figure 15): the results under the advanced energy scenario are exactly the same, whereas 

the reference scenario only sees a risk increase for cobalt under the ‗challenging the limits‘ 

scenario. However, it should be noted that cobalt is likely to be replaced by lithium in battery 

technologies (mix-adapt). It can therefore be regarded as less or non-critical.  

Risk assessments under the ADV energy demand scenarios differ significantly between min 

and mix. The literature reference source with the lowest metal requirement values (min) sees 

little supply risk under the advanced energy demand scenario (compared to BAU), whereas 

REF mix assumes considerable supply risks towards 2030. However, lithium, neodymium 

and tantalum show equally high supply risks as the mix (and max) resource scenarios.  

The differences between min and mix are negligible for resource supply risks under the REF 

energy demand scenario, meaning that the sources more or less agree on future resource 

supply risks under a baseline energy growth scenario. 

 

Figure 14: RET metal supply risk assessment for 4 resource supply scenarios under the ADV and REF energy 
demand scenarios (mix) towards 2030 
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Figure 15: RET metal supply risk assessment for 4 resource supply scenarios under the ADV and REF energy 
demand scenarios (min) towards 2030 

 

 

7.3 Price tendencies 

7.3.1 Assumptions 

Metal prices are generally influenced by external influences. Historically, 2 major events have 

had profound impact upon overall metal prices: the dissolution of the Soviet Union in 1991 

and the economic rise of China since the end of the 90s. The first resulted in reduced 

demand and a consequential lower price level of metals during the 90s. In the late 90s, the 

emergence of China as an economic power dramatically increased demand for metals, 

largely to invest in infrastructure (electrical power, transportation). As a result, global demand 

exceeded supply, causing stock reductions and rising prices for a number of metals.  

Short time price movements may show large fluctuations as a result of plant openings and 

closures, or occasional, unexpected events such as industrial accidents or natural disasters.  

In the long term, price trends showed an upward trend in nominal (USD) prices, but short-

term price movements exceed longer time increases. However, metal prices are rather stable 

when corrected for inflation. This indicates that exploration capacities catch up with 

increased global demand and support the general consensus that no sustained metal 
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scarcities have occurred so far. As such, historical price trends and movements present 

a rather weak base for future price projections under scarcity scenarios.  

The main factors which are likely to influence future metal prices are (1) China‘s further 

economic development, i.e. the level of (relative) dematerialisation following the shift towards 

a more service oriented economy and (2) the rise of India as a material-intensive growth 

economy. Other factors include rising fossil energy prices, the development of the value of 

the US Dollar and global warming resulting in carbon reduction or sequestration policies.  

For the purpose of this report, 20 yr. historical price analyses are used as the basis for future 

price tendencies for the different scenarios, with: 

- 0% annual price increase for metals with a low price risk; 

- 2.5% annual price increase for metals with a medium price risk; 

- 5% annual price increase for metals with a high price risk.  

As said before, future price tendencies in a period of actual physical scarcities cannot be 

derived from historical events. Thus, in order to enhance the price risk assessment, a 

sensitivity analysis with double annual price increase (than the rates mentioned above) has 

been executed as well. 

7.3.2 Price risks  

As explained in the previous section, price risks have been based on a specified price 

increase related to the final supply risk for a specific RET metal. As such, Table 20 shows 

the increase in installation costs for photovoltaic, wind and solar thermal technologies in the 

reference energy scenario starting from a historical base price in 2010. Cost price declines in 

the reference energy scenario over the longer term are most significant in solar energy 

technologies (both photovoltaic and solar thermal). In wind energy, installation costs are not 

projected to decline after 2030.  

 

Table 20: Base price increases for RET installation costs in the reference (S3) scenario 

      2010 HIST 2020 2030 2040 2050 

PV €/kw REF-S3 2600 1160 980 920 880 

Wind (on-shore) €/kw REF-S3 1180 1030 1000 1000 1000 

Solarthermie €/m2 REF-S3 630 330 280 250 240 

 

Under the S3 ‗Challenging the limits‘ resource scenario in the ADV energy outlook, cost price 

increases are high (highest) for a large number of RET metals (see the metal risk 

assessment in section 7.2). Table 21 summarises the effects of the maximum price increase 

in a S3 scenario on the installation costs for the different RE Technologies. As a result of the 

large number of critical metals, cost price effects in photovoltaic technologies are extremely 

large. Wind and solar thermal technologies show moderate cost increases (compared to the 

base price) over the longer term. All technologies show long term price increases. 
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Table 21:  Increases in RET installation costs in the advanced-S3 scenario compared to the reference scenario (with 
historical 2010 base price).  

      2010 HIST 2020 2030 2040 2050 

PV €/kW ADV-S3 2600 1543 1980 2705 3784 

 
% increase  vs. price in REF-S3 33% 102% 194% 330% 

Wind (on-shore) €/kW ADV-S3 1180 1051 1050 1080 1130 

 
% increase  vs. price in REF-S3 2% 5% 8% 13% 

Solar thermal €/m² ADV-S3 630 337 347 273 274 

  % increase  vs. price in REF-S3 2% 5% 9% 14% 

8 Conclusions and Discussion 

This report has shed light on a number of supply risks of metals for renewable energy 

technologies, including geological aspects, technology-related aspects, economic and policy-

related aspects as well as environment-related aspects of supply risks for RET metals. The 

main focus of the analysis was on technology-related and economic-/ policy-related aspects.  

With the help of a focussed literature review, we identified 17 vulnerable resources that are 

relevant and crucial for the transition towards a renewable energy system. These 17 RET 

metals include bulk materials (used in relatively large quantities, also in other technologies)  

and special metals (important metals, often used in small quantities). Based on an extended 

risk assessment, with a rick grid based on two energy demand scenarios and 3 resource 

scenarios, the vulnerable resources can be ordered from high to low supply risk:  

 Gallium 

 Rare earths (Neodymium) 

 Germanium 

 Lithium 

 PGMs (Platinum Group Metals) 

 Indium 

 Cobalt 

 Silicon  

 Tellurium 

 Chromium 

 Tin 

 Selenium 

 Cadmium 

 Aluminium / bauxite 

 Copper 

 Nickel 

 Iron and steel 
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8.1 Resource scenario related supply risks 

The highest metal scarcities exist under a global economic growth scenario in combination 

with limited technological progress in a highly competitive actor field. This (S3) resource 

scenario is called ‗Challenging the limits‘ and will have the most impact under an advanced 

energy outlook, both for global and for Austrian RET metal supply risks. This S3 scenario 

also reflects the highest price increases for RET metal resources. But also under the co-

operative ―technology optimism‖ resource scenario, supply risks are high, mainly as a result 

of a high demand growth both from RET as from other sectors.  As could be expected, 

―Cooperation and Progress‖ is the resource scenario with the lowest risk profile. 

 

8.2 Metal supply risks 

The highest supply risks in the S3 scenario were found for Gallium, Neodymium, Germanium 

and Lithium. The major driver for increased supply risk was high growth in demand, but 

concentration risks are also prominent. However, PV technology could do without germanium 

and experts see ample opportunities to increase lithium smelter production. That would make 

Gallium and Neodymium the metals with the highest supply risk, and PV and Wind turbines 

the most vulnerable technologies. 

In general, all daughter metals have an increased supply risk because there‘s limited or no 

correlation between prices and production and that there‘s little incentive to increase output 

due to the limited amounts used. RET metals that are daughter metals are: gallium, 

germanium, indium, selenium and tellurium.  

The main metals (with the largest volumes used in RETs) are iron, aluminium, copper and 

nickel. These bulk metals have a low supply risk in all resource scenarios. Chrome and 

silicon are also important metals for RETs and their 2011 smelter production largely covers 

future RET requirements as well. 

It can be seen that the 2010-2030 period in the S3 scenario represents the most critical 

period, as nearly all metals show higher than 500% growth and Germanium and Indium 

require supplies that exceed 2010 requirements with more than 1600 times. Indium 

requirements increase with the growing demand for photovoltaic cells. After 2030 growth 

rates for most RET metals decrease significantly.  

Overall, the share of RET requirements in total metal demand seems to increase over the 

projected period but it can be concluded that RET requirements will not have a significant 

effect on global demand for metals used in RETs. 

8.3 RET related supply risk 

When comparing the required metal volumes in 2050 with the volumes needed in 2010, the 

extremely high demand from RETs become evident: CSP requires nearly 150-fold the 
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volume of 2010, whereas PV, solar thermal and E-mobility require ca. 15-25 times more 

metals in 2050. Wind shows moderate growth and RET-networks no growth at all.  

E-mobility requires the largest share of critical metal requirements in 2050, largely related to 

its relatively high lithium and neodymium requirements. Photovoltaic is also susceptible for a 

supply risk as the critical metals (magnesium, silicon) are largely used in other applications. 

Other RET technologies seem rather insensitive for supply risks. 

PV is the most dominant technology in Austria, requiring the majority of nearly all metals, 

except for Nickel (wind), chromium (solar thermal), lithium, neodymium and PGM (e-mobility). 

E-mobility is the second most important driver for RET metal requirements in Austria. 

Furthermore, it should be noted that no CSP capacity is projected to be build in Austria. 

8.4 Concentration risk 

Of all indicators in the risk assessment applied for the purpose of this Progress Report, the 

market concentration risk is a particular feature. A large number of specific metals required 

for RETs are concentrated in a limited number of countries, which increases the supply risk 

when demand is rapidly expanding and expansion of mining projects take time and large 

investments. As a result, resource nationalism is becoming an increasingly critical element in 

metal supply risk assessments, also because resource rich governments around the world 

are seeking a greater take from the sector with a growing number of requirements introduced 

around mandated beneficiation, export levies and limits on foreign ownership (Ernst&Young, 

2012).  

8.5 Price risk 

Historical price trends and movements present a rather weak base for future price 

projections under scarcity scenarios. As a result, the price risk assessment in this analysis is 

based on the metal supply risk assessment, with differentiating price increases for low, 

medium and high supply risks under a certain scenario. Price risks are highest under the S3 

‗challenging the limits‘ resource scenario. All technologies show increasing installation costs 

over time in the S3-ADV scenario, but photovoltaic installation costs increase with 330% 

compared to the (historical) base price as this technology requires a relatively large number 

of critical metals.    

8.6 Quality of data 

Uncertainties of the applied approaches exist, e.g. related to metal demand factors, 

estimating future demand for non-EE-technologies and branches, quantifying supply risks, 

and deriving price tendencies.  

One of the main uncertainties in relation to the physical metal requirements and related 

supply risk, is that future metal requirements are related to 2011 smelter production. 2011 
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smelter production has a rather weak correlation with 2050 smelter production, as it ignores 

increases or expansion of mining production.  

Furthermore, running more models based on different literature resources (min, mix, mix-

adapt and max references), resulted in a rather large variation between future RET metal 

requirements. Values of lithium, tantalum and copper are projected with high consensus 

among reference sources as only limited variation (<2%) is noted.  Medium variation is 

recorded for the bulk materials – chromium, aluminium, iron and tin – whereas relatively 

large differences between reference sources exist for specialised and rare earth metals: 

gallium, neodymium and germanium.  

Last, but not least, historical price trends and movements present a rather weak base for 

future price projections under scarcity scenarios. Metal prices have been rather stable when 

corrected for inflation. This indicates that exploration capacities catch up with increased 

global demand and support the general consensus that no sustained metal scarcities have 

occurred so far. Even with an included sensitivity analysis based on double increases in 

prices compared to historical trends, it has no reference to a scarcity situation. Nevertheless, 

strong demand scenarios in combination with concentration risks (in both countries and 

companies) and unclear reserves for some metals, substantially increase  future price risks, 

especially for importing countries.  
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