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1 Introduction 

1.1 Context 

“The crunch point is that indefinite population growth is physically impossible on a finite planet – it 

will certainly stop at some point.” (Roger Martin, the Guardian, 23
rd

 Oct, 2011)
1 

 

The 31
st
 of October 2011 marked the day we reached seven billion people on earth.

2
 The United 

Nations’ declaration, however symbolic,
3
 highlights the rapid demographic changes over the last 

century. In 2100, the UN continues, we are heading towards 10 billion people on Earth.
4
  

 

Every new person needs access to food, water, and energy. It is by now more or less generally 

accepted that the developed world’s economic growth has been made possible by unsustainable 

levels of natural resource depletion which has led to mass-extinctions, climate change and large 

environmental pressures.
5
 Fast economic growth in developing countries follows a similar 

unsustainable pattern, and increasingly so. As a result, over the last century, we have increased 

economic output 23-fold, fossil fuel use 12-fold, water use 9-fold and the extraction of ore and 

minerals 23-fold.
6
  

 

Figure 1.1 shows the relationship between the increase in population and our Total Ecological 

Footprint (TEF). While the orange line represents population growth, the red line signifies the trend 

over the last 50 years in TEF. It clearly shows how our impact on our ecosystems has fluctuated 

and – despite improvements between 1980 and 2000 – has still grown overall since 1960, in 

parallel to population growth.  

 

Figure 1.1 Global population and ecological footprint 
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Source: data from Global Footprint Network (2011). http://www.footprintnetwork.org/en/index.php/.  

                                                                                                                                                               
1
  http://www.guardian.co.uk/environment/2011/oct/23/why-population-growth-costs-the-earth-roger. 

2
  UNFPA (2011) 7 billion actions. (http://7billionactions.org/).  

3
  WSJ (2011) How Do You Get to 7 Billion People? 

(http://online.wsj.com/article/SB10001424052970204485304576643013762503654.html).  
4
  UN (2011) Global population to pass 10 billion by 2100, UN projections indicate. 

http://www.un.org/apps/news/story.asp?NewsID=38253&Cr=Population&Cr1=.  
5
  Martin, R. (2011) Why current population growth is costing us the Earth. The Guardian 23

rd
 October, 

http://www.guardian.co.uk/environment/2011/oct/23/why-population-growth-costs-the-earth-roger.  
6
  Vopel, C. (2011) Resource efficiency and sustainability: The policy approach of Europe 2020 Strategy. Presentation 

Szentendre, 28 June 2011.  

http://www.footprintnetwork.org/en/index.php/
http://www.guardian.co.uk/environment/2011/oct/23/why-population-growth-costs-the-earth-roger
http://7billionactions.org/
http://online.wsj.com/article/SB10001424052970204485304576643013762503654.html
http://www.un.org/apps/news/story.asp?NewsID=38253&Cr=Population&Cr1
http://www.guardian.co.uk/environment/2011/oct/23/why-population-growth-costs-the-earth-roger
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While resource use has increased by orders of magnitude over the last few decades, resource 

prices have tended to fall (until the recent increases, see Figure 1.2).
7
 The decline in resource 

prices over the last decades may be associated with an increase in supply. More plausible 

explanations, however, are more efficient (less costly) methods of extraction and structurally weak 

market positions for some supplier countries.
8
 More recently an abrupt reversal of this decreasing 

price trend for many resources can be observed, with increases in prices in many since around 

2000. A variety of reasons have been put forward for this, including increased demand, declining 

ore quality, supply limits being reached and financial speculation.  

 

Figure 1.2 Global commodity price indices, 2000 constant prices, 2000=100, 1974-2009 

 
Source: Ecorys calculations based on World Bank Commodity Price Data (Pink sheet); see also: EC (2011 Analysis associated 

with the Roadmap to a Resource Efficient Europe: Part I. SEC(2011) 1067 final).  

 

The conundrum remains: is supply really matched with demand or are market imperfections tainting 

the price messages from natural resources? Are recent price increases signs of resource scarcity, 

predicted since the times of Malthus in the 19
th
 century, finally coming true? 

 

Resources such as fuels, timber, fish and water, differ from other finite resources as they can be 

replenished by nature. Sustainable levels of natural resource use occurs when demand and supply 

matches and replenishment is made possible. In economic theory, price is a reflection of supply 

and demand. Therefore a “correct” price on any resource would lead to a preferred, sustainable 

state. Practice, however, differs greatly from theory. Natural resources are notoriously difficult to 

monetise correctly as new deposits are found, depletion is not understood, extraction technologies 

improve, new uses are found for resources and the occurrence of common pool resource problems 

is prevalent. Moreover, the problems of harmful subsidies
9
 and imperfect competition have lead to 

market failures which keep prices artificially low and leads to higher resource use than is 

                                                                                                                                                               
7
  Figure 1.2 has been made by Ecorys based on existing World Bank Commodity price indices data. The aggregation 

method as well as data sources differ from the one used by Ecorys in the remainder of this report. Further, the World Bank 

price indices do not include critical metals and minerals nor renewable energy sources. A similar figure can be found in EC 

(2011) Analysis associated with the Roadmap to a Resource Efficient Europe: Part I. SEC(2011) 1067 final. 
8
  UNEP (2011) Decoupling natural resource use and environmental impacts from economic growth, A Report of the Working 

Group on Decoupling to the International Resource Panel. Fischer-Kowalski, M., Swilling, M., von Weizsäcker, E.U., Ren, 

Y., Moriguchi, Y., Crane, W., Krausmann, F., Eisenmenger, N., Giljum, S., Hennicke, P., Romero Lankao, P., Siriban 

Manalang, A.  
9
  IEEP et al (2007) Reforming environmentally harmful subsidies. Final report to the European Commission’s DG 

Environment, March 2007. 
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sustainable. At the same time, collusion among main suppliers of certain resources may put upward 

pressure on prices.  

 

Correct price signals on resources should induce behavioural change among individuals and 

companies towards more efficient resource use. The change is needed, not only for environmental 

reasons, but also to ensure the competitiveness of European companies and continued sustainable 

economic growth. As noted by the European Council: 

 

“[The Council of the European Union] HIGHLIGHTS the potential of resource-efficiency to deliver 

cost reduction and greater competitiveness, especially in view of increasing demand for natural 

resources, which leads to rising prices of raw materials, and STRESSES that, therefore, supporting 

industry’s transition to more resource-efficient solutions, in line with the waste hierarchy, and 

including greater awareness and use of existing resources (both from primary and secondary 

sources), efficient use of energy, lean production and conducting research on substitutes for natural 

resources, especially the critical ones, should receive high priority”.
10

 

 

The main aim of this study is to improve understanding of changes in price of resources over the 

last few decades and to forecast how they might develop in the future.  

 

 

1.2 Purpose and objectives of the study 

The purpose and background of the study are closely related to the Commission’s on-going work 

on resource efficiency. The key goals are to understand the price mechanism of resources 

including volatility and future projections, the completeness of the price message (whether 

increasing prices will solve the resource efficiency problem) and their impact on competitiveness 

and behavioural change. In the kick-off meeting, the Commission stressed that they would like to 

have aggregated price indices which are useful for communication and disaggregated price trends 

to better understand volatility. 

  

The main objectives of the study are to provide information on: 

 how the prices of resources have changed in real (net of inflation) terms over the past; 

 how they are forecasted to change in the future; and 

 the possible impacts on Europe’s competitiveness. 

 

More specific objectives are: 

 the analysis of historical resource prices in real terms in the EU (resource-by-resource); 

 forecasting of resource prices over the medium-term using fundamental market (modelling) and 

statistical analysis; 

 assessing the accuracy of price messages in terms of reflecting externalities and scarcity; 

 analysis of volatility in prices in the past and in the future; 

 analysis of the impact of future resource prices on the competitiveness of Europe; and 

 analysis of the impact of future resource prices on behaviour change. 

 

 

                                                                                                                                                               
10

  EC (2011) Conclusions on a competitive European economy: Industrial competitiveness in the light of resource efficiency. 

3113th COMPETITIVENESS (Internal Market, Industry, Research and Space) Council meeting Brussels, 29 September 

2011. 
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1.3 Structure of the report 

 Chapter 2: Summarises the approach and methodological steps of the analysis; 

 Chapter 3: Analysis of metals; 

 Chapter 4: Analysis of minerals; 

 Chapter 5: Analysis of fuels; 

 Chapter 6: Analysis of fish; 

 Chapter 7: Analysis of timber; 

 Chapter 8: Analysis of biomass; 

 Chapter 9: Analysis of land; 

 Chapter 10: Analysis of water; 

 Annex A: Minutes of the kick-off and final meeting; 

 Annex B: List of selected resources and sub-categories; 

 Annex C: Complete list of resources and sub-categories; 

 Annex D: The GLOBIOM model description; 

 Annex E: Methodology for aggregation of indices. 
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2 Methodology 

 

 

The overall approach used for this study included three phases: Part (1) describes past trends and 

volatility; Part (2) is a predictive part, which is mainly based on statistical analysis and modelling; 

and Part (3) focuses on competitiveness and completeness of price messages which is more 

qualitative and includes literature review. Methodology, the overall approach and the key issues 

and objectives have been discussed during the kick-off meeting and further finalised at the final 

meeting with the European Commission. Minutes of both meetings are appended in Annex A to this 

report. Methodology task-by-task is briefly discussed in the next sections of this chapter. 

 

 

2.1 Task 1: Past trends in resource prices and volatility 

2.1.1 Step 1: Determine which resources to analyse 

The first step in the analysis was to specify which resources and sub-resources should be included 

in the analysis. The Terms of Reference defines nine resource categories that need to be included: 

metals, minerals, fuels, fish, timber, water, soil, biomass, and land. These categories can be divided 

into numerous sub-categories depending on the resource. For example, for metals, prices for over 

45 metals are listed on some trading websites.
11

 During the kick-off meeting, resource categories 

and sub-categories have been discussed at length, and it was decided that a more in-depth 

analysis covering all tasks under this assignment will be made only for a selected group of resource 

sub-categories, while a standard statistical analysis showing the time trend will be made for a more 

complete list of resource sub-categories.  

 

The selection criteria were extensively discussed in the Inception report. They included: 

 Resources relevant for business; 

 Data and information availability; 

 Importance of the resource (e.g. value, volume); and  

 Transparency. 

 

A more in-depth review of selected resources (available data sources, data availability), including a 

brief discussion on the selection criteria is attached in Annex B. A complete list of resources and 

their data availability and data sources is attached in Annex C. 

 

                                                                                                                                                               
11

  http://www.metalprices.com/.  

This chapter briefly summarises the approach taken for this study across all tasks 

and resources. It presents the methodological steps taken to derive findings, 

which are presented in the following chapters. Additional, more detailed 

information can be found in annexes attached to this report. 

http://www.metalprices.com/
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2.1.2 Step 2: Identify data sources for resource prices 

For each resource sub-category, several data sources have been found, resorting first to official 

statistics (in our case we used World Bank data, USGS), trading platforms (Bloomberg), reports 

(USGS) and case studies. Table 2.1 below shows which resources have been selected for a more 

in-depth analysis and their selected price data sources and coverage. We used monthly price data 

for resources where available, otherwise we used yearly data. 

 

Table 2.1 Selected resources, their data sources and coverage 

Resource No. Sub-category Data source Coverage 

Metals/metal ores 1 Iron ores IMF 1982-2011 

Non-ferrous metals 2 Copper WB 1960-2010 

3 Aluminium WB 1960-2010 

4 Cobalt*  USGS 1960-2009 

5 Indium* USGS 1936-2009 

6 Rare earths* USGS 1922-2009 

Industrial minerals 7 Graphite* USGS 1900-2009 

8 Fluorspar*  USGS 1900-2009 

Construction 

Minerals 

9 Sand and gravel (construction) USGS 1902-2009 

Fertilizers 10 Phosphate rock WB 1960-2011 

Fuels 11 Crude oil (petroleum) ECB 1985-2012 

12 Solar NREL 1998-2011 

13 Wind EWEA 1990-2011 

14 Biofuels  EERE 2000-2011 

Fish 15 Fish meal  WB 1979-2011 

Timber 16 Saw logs WB 1960-2010 

17 Pulp logs  WB 1960-2010 

Biomass 18 Wheat Bloomberg 1960-2012 

19 Maize Bloomberg 1960-2011 

20 Potato Bloomberg 2006-2010 

21 Soybean Bloomberg 1960-2012 

22 Rice Bloomberg 1998-2012 

Land 23 Land Eurostat/ 

Globiom 

2000-2009 

Water 24 Freshwater abstraction (ground water 

and surface water) 

Eurostat, 

OECD/EEA 

1985-2009 

 

Data on other variables 

Several other data sources have been used to analyse selected resources, namely in the future 

trends tasks for forecasting and in the competitiveness task. These are summarised in Table 2.2. 
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Table 2.2 Additional variables included in the analysis 

Variable  Description Source Time coverage Unit  

Inflation (use of 

deflators) to 

transform 

current prices 

into real prices 

MUV index - 

UN’s Unit Value Index of US 

dollar prices for manufactured 

exports from industrialized 

countries 

WB pinksheet 1960-2011  2011=100 (yearly 

data, for monthly 

data, interpolation 

has been done) 

Exchange rate 

USD to EUR 

Historical exchange rates USD 

to EUR have been used to 

change prices into EUR 

prices.  

Eurostat 1971-2011  monthly, yearly data 

World and EU 

Production  

 

Minerals + Metals USGS  

BGS 

UN Comtrade 

1900-2011 

2002-2010 

1992-2011 

Metric tonnes / 

USD 

Trade Import – export figures 

 

UN Comtrade 1992-2011 Yearly / Tonnes/ 

USD 

Global and EU 

GDP 

Global GDP  

EU27 GDP 

WB 

Eurostat 

1970-2011 

1995-2011 

USD/ 

EUR 

 

 

2.1.3 Step 3: Time series and volatility analysis 

Using time series techniques we analysed past trends for all resources for which we have time 

series price data available. This included preparing a clean excel sheet with historical time series 

on prices, transforming them into real prices using a deflator and transforming them into EUR. On 

these real prices we performed trend and volatility analysis based on a standard approach – 

calculating coefficients of variation for the different decennia as a measure of volatility, visual 

observation of any trend breaks, performing stationarity tests to identify whether past trends can be 

used for forecasting. Graphs have then been constructed to portray real resource prices in 2011 

constant Euros.  

 

We corrected for inflation to obtain real prices 

The UN’s Unit Value Index of US dollar price for manufactured exports from industrialized countries 

(MUV Index) has been used as a deflator for constructing the graphs. This deflator has been used 

by the WB to convert US current prices into 2000 and 2005 constant prices for resource prices in 

the WB pink sheet. We rebased all current prices into constant 2011 Euros (2011=100) in order to 

“easier” understand the value of prices, i.e. in “today’s Euros”. MUV Index, according to the existing 

literature, provides an appropriate reference for measuring the price changes of raw materials as it 

relates to manufacturers only, which is the focus of this project.
12

 This is because “this index 

provides the size of the basket of manufactured goods exported from the rich world that could be 

obtained for one US dollar at different times. This index overcomes the problems of exchange rate 

changes not immediately reflected in the export prices that would arise with the use of a national 

price index such as that of US wholesale prices or the US GDP deflator.”
13

 Since to the best of our 

knowledge the MUV index is available only on an annual basis, the annual MUV Index has been 

interpolated and used as a proxy for the monthly deflator for each year. 

                                                                                                                                                               
12

  http://www.radetzki.biz/rapporter/ThreeBooms_71.pdf. 
13

  http://www.radetzki.biz/rapporter/ThreeBooms_71.pdf. 

http://www.radetzki.biz/rapporter/ThreeBooms_71.pdf
http://www.radetzki.biz/rapporter/ThreeBooms_71.pdf
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We transformed prices into EUR 

Eurostat yearly exchange rates EUR/ECU to USD have been used for the period 1971-2011. We 

excluded analysis of the period 1960-1970, as originally proposed since this might distort the 

results given that only an estimate exchange rate could be given based on the exchange rate 

between USD and German Mark. The period 1971-2011 is deemed sufficient to perform trend and 

volatility analysis and preferable from a regression and projection point of view. 

 

We analysed price trends and measured volatility 

To measure volatility we used the coefficient of variation, which is defined as the standard deviation 

over the mean. We further calculated volatility for ten year periods to 2011 and presented the main 

price trends (% change in prices as well as annual cumulative growth rates) per decade, as well as 

for the entire period. It has been shown graphically that fish meal, oil and wood pulp have a trend 

break. Iron ore could be seen as having a trend break too, but it starts very late, namely after 2005 

together with the explosion of the oil price. Explanation for the potential trend breaks were provided 

based on literature review.  

 

 

2.2 Task 2: Future trends in resource prices 

2.2.1 Step 1: Literature review of future forecasts 

As a first step we conducted a thorough analysis of the state of the art on the forecasts, key drivers, 

and assumptions underlying these forecasts based on the existing literature. For some resources, 

this proved to be a challenging task. 

 

 

2.2.2 Step 2: Forecasting based on past real prices and using Globiom 

Then we conducted our own forecasts up to 2020 using a standard methodology (a lag model 

where possible and a forecast regression model) for metals, minerals and fish based on historical 

price data from task 1 and other variables. For the medium term, stationary resource price data 

could be extrapolated into the future. As an approximation, such a model (a “lag model”) could be 

used safely until 2020, but certainly not for a longer period. Going too far into the future, other price 

determining factors could come into play, which have not been accounted for. The results show that 

the resource price series can be divided into three groups: 

 Fully stationary: Aluminium, Phosphate rock, Indium, Rare earths, Sawn wood, wheat, Maize, 

Soybeans, Rice; 

 Nearly stationary: Copper, Cobalt, Fluorspar, Sand and gravel, Potato; 

 Not stationary: Iron ore, Fish meal, Oil, Graphite, Wood pulp. 

 

We could conclude that (nearly) stationary price series can be used for price projections until 2020, 

whereas non-stationary series should be discarded as they can generally be observed to have a 

trend break. 

 

In addition to projections based on extrapolations (reliable results in case of (nearly) stationary time 

series), we also developed a simple forecast regression model. This model to be estimated had the 

resource price as the dependent variable, which is argued to be a function of constant, world 

resource production, oil prices, GDP-world and GDP-EU (descriptive variables, see table 2.2 for an 

overview). All possible combinations of descriptive variables were tried (a constant was always 

included for consistency) and the model with the best statistical properties was selected, looking at 

best fit indicator (R2), statistical significance of included descriptive variables as notified by their t-

statistics and autocorrelation properties of the fitted model as notified by the Durbin-Watson 

statistics. For various resources it was apparent that a link to oil prices should be expected. This 
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eased the search toward the best fitting model. Only three resource prices did not depend on oil 

prices, namely fish meal, graphite and sand and gravel. A simple projection was made for the 

descriptive variables: oil prices to follow EIA-US projections, GDP-world to grow by 2% (+/- 0.5%), 

GDP-EU to grow by 1% (+/- 0.5%) and the world production of the resource to grow by their growth 

rate over the last 20 years in all three scenarios. World production was included as a variable to 

indicate the supply-demand balance of the resource. 

 

For timber, biomass and land, the GLOBIOM model was used to give price projections up until 

2050. GLOBIOM is a global recursively dynamic partial equilibrium model integrating the 

agricultural, bioenergy and forestry sectors with the aim to give policy advice on global issues 

concerning land use competition between the major land-based production sectors. The model is 

able to provide future scenarios on some of the most difficult resources to assess namely land, soil, 

biomass and timber. More extensive description of the GLOBIOM model can be found in Annex D. 

 

Future predictions of water prices are exclusively based on literature review since the data is 

limited. 

 

 

2.2.3 Step 3: Future scenarios 

We worked with three possible scenarios for future prices: 

1. Base scenario; 

2. Low-end variation; 

3. High-end variation. 

 

The “Base scenario” followed current trends and policies and was based on the assumption that 

future trends would be smooth without a trend break. In this scenario, the long term volatility might 

be used as an indicator of the development of resource prices. The underlying assumptions and 

key drivers of prices would more or less stay the same in the future. 

 

In the “High-price end scenario” a less successful resource efficiency policy was presented. The 

demand for resources was assumed even higher than expected, political risk of some key exporting 

countries was substantial or there were significant climate change effects, which in turn increased 

resource prices. 

 

The “Low- price end scenario” described a world, in which a trend break might occur, decreasing 

the resource price significantly. One of the key assumptions and drivers of prices in the base 

scenario might change - e.g. extreme good implementation of RE policies decreasing their 

consumption, technological improvements, or removing of supply barriers (e.g. quotas on export), 

which in turn led to decreased prices compared to the base scenario. 

 

 

2.3 Task 3: Competitiveness, Completeness of Price message and Behavioural 

Impacts 

The analysis consisted of a quantitative and qualitative investigation and a comparison of the most 

important countries and/or regions producing and competing for each resource. The limits to what is 

realistically achievable across all resource should be noted due to limited availability for some of the 

resources. Potentially the results of this study will generate interest in a more focused and in-depth 

resource or sector analysis, which we would be happy to help with.  
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2.3.1 Step 1: Analysis of production and consumption patterns and trade flows 

The first step was to define in which terms we attempt to measure competitiveness. This involved 

defining the EUs relative position within the global market. The purpose of this was to investigate 

questions such as whether the EU is self-sufficient in the resource or to what extent it is reliant on 

imports of the resource, and from whom. This required defining and quantifying the following 

metrics for each resource: 

 EU production, total volume and as % of global production; 

 EU consumption, total volume and as % of global consumption; 

 EU imports, total volume and as % of EU consumption; 

 EU exports, total volume and as % of EU production; 

 EU self-sufficiency ratio.  

 

The output from this step was a profile for each resource of EU total and relative consumption, 

production, trade and self-sufficiency. This provided a frame to assess the potential risk and scale 

of resource price changes on the EU economy. Moreover, the key producers, importers and 

exporters were identified. 

 

 

2.3.2 Step 2: Criticality assessment for the EU 

In this step we assessed the criticality of a resource for the EU. This assessment was based on the 

analysis of production, consumption and trade flow patterns, secondary markets and recycling, and 

substitutability of a resource. For metals and minerals, criticality rankings for the EU already exist 

(e.g. BGS, European Commission), hence were used in the analysis. For other resources, such as 

water, land or food, such rankings do not exist or cannot be compared with other resources. In 

these cases, we used expert judgment to derive to a first assessment of the criticality of these 

resources.  

 

 

2.3.3 Step 3: Analysis of the impact of price changes on the competitiveness of EU sectors 

To analyse the competitiveness of EU sectors vis-à-vis the world, we identified the key risks related 

to the resource price that could affect the EU competitiveness, the key sectors that use the 

resource and to what extent this resource is important for this sector. We also tried to report on the 

cost structure for the production of the different resources to the largest possible extent. Based on 

that we implied to what extent EU sectors might be influenced by changes in price of that specific 

resource. Quantified analysis was in the majority of cases difficult to do due to limited data. 

Examples of affected sectors illustrated the findings where possible. For food and timber, limited 

information was available and a sector analysis would go beyond the scope of this study. 

 

 

2.3.4 Step 4: Completeness of the price message analysis 

For this task, we assessed the statement: “rising prices for resources will solve the resource 

efficiency problem, by ensuring that market signals deliver an appropriate response and socially 

efficient use of resources” using literature review. We identified any market failures, externalities, 

scarcity and other factors, which might prevent that price reflects the true societal cost of the 

resource. This was a challenging task since available literature on this was limited.  
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2.4 Aggregation of prices into indices 

At the end of each chapter, a synthesis is presented to combine the results of all the resources to 

check for general trends and correlations. This involved constructing aggregated price indices for 

resource categories as well as an overall aggregate price index. Different methodological 

approaches are presented and compared. Results are discussed also relative to findings from the 

literature. The methodology for aggregation of indices as well as results and findings are presented 

in detail in Annex E.  
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3 Metals 

3.1 Iron ores (metal ores) 

3.1.1 Key facts 

Key facts  

Description  Iron ore belongs to the group of ferrous metals (metals that contain iron, e.g. also steel). 

The main commercial ores of iron are magnetite (Fe3O4) and haematite (Fe2O3), which 

are mainly extracted in China, Australia and Brazil.  

Price definition Iron ore pricing is internationally agreed to be measured in dry metric ton unit (dmtu). A 

dry metric ton unit consists of 1% of iron (Fe) contained in a tonne of ore, excluding 

moisture. The price per tonne of a certain quantity of iron ore is calculated by multiplying 

the cents/dmtu price by the percentage of iron content. An average tonne of iron ore 

contains approximately 62% of Fe. We show price developments for iron ore defined as 

China import Iron Ore Fines 62% FE spot (CFR Tianjin port) per tonne.  

Globally traded  Prices were formerly negotiated by miners and steel producers (some contracts still 

are). Normally these deals set the benchmark for the industry. In April 2010 this system 

with annual contracts changed and marked the end of the 40-year global benchmarking 

system. Because of drops in price level, China forced these changes, which led to 3-

month contracts. In the last years the CME group, SGX (Singapore Exchange), London 

Clearing House (LCH.Clearnet), NOS Group and ICEX (Indian Commodities Exchange) 

offer cleared swaps based on The Steel Index's (TSI) iron ore.  

Production and 

Trade flows 

Until the middle of the 19
th
 century the demand of iron ore in Europe was covered 

indigenously. Due to rising mineral prices and a decrease in domestic production, 

Europe became more and more dependent on the import of iron ore. However in the 

last years increasing rate of recycling (61% in US) could be observed, which contributes 

to a high amount to the domestic demand. Key producers in 2011: China (43%), 

Australia (17%), and Brazil (14%). The EU contributes 1.1% of the worldwide iron ore 

production (Sweden is largest producer with 69.3% of the EU total). Iron ore 

consumption in China is the primary factor upon which the expansion of the international 

iron ore industry depends. 

Key importers in the EU are Germany (28 812 155 tonnes), France (10 014 901 

tonnes), and the UK (9 185 919 tonnes). 

Global volumes Iron ore and the ferrous metals market is the second largest commodity market after 

crude oil in terms of volumes. World production/ mining increased from 2005 to 2009 

about 109% (1 530 million to 2 240 million tonnes), whereas in the EU it decreases 

about 16% (from 31 million to 25.5 million tonnes). The average annual growth between 

1980 and 2000 was 2.2%, whereas between 2000 and 2008 it was 8.2%. In 2010 the 

total market size was US$206 billion. Estimates of the USGS forecast global reserves 

for about 75 years, whereby the mining capacity is determined as the main challenges 

in the following years.  

2010 global value EUR 250 bn (in 2010, the price of iron ore doubled compared to 2009). 

2010 EU value EUR 3.5 bn (this is production value). 

EU Self-sufficiency 

ratio 2010 

25% 

Key sectors Together with coking coal it is the fundamental ingredient for the steel production, and 

thus important for all kinds of producing industry and infrastructure, especially in the 

building sector, railways, automobile and ships. Iron ore is becoming more and more 
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Key facts  

important, e.g. the profit pool increased from 22% in 2000 up to 65% in 2008.  

Environmental 

impact 

Iron ore itself does not have any harmful impacts on the environment but the mining 

process needs a lot of chemicals which destroy the forest ecology and pollute soil, 

groundwater and surface water. Furthermore the alteration of land use pattern can have 

effects on the local drainage system due to inadequate landscape management.  

Data source used IMF & World Bank (pinksheet). 

Data coverage Time period covered: 1960 -2011, monthly prices for WB, and 1982-2011 for IMF. 

Additional data 

sources 

European mineral statistics; 

World mineral statistics. 

Unit Original data source: USD/ dry metric tonne (dmtu) and USD/tonne; 

Conversion to Euro: use of monthly exchange rate. 

Deflator MUV, 2011=100 (constant prices at year 2011 level). 

Selection criteria fundamental ingredient for the steel production; 

important for most of the industrial goods. 

Outlook Based on our predictions, the iron ore prices should increase by around 50% compared 

to 2011, reaching approximately 170 EUR/tonne. 

Trend value Long term trend is of increase in real prices of 4.2% per annum during 1982-2011.  

 

 

3.1.2 Past trends in resource prices and volatility 

Evolution of real prices 

The following figure plots the monthly prices of iron ore in constant 2011 Euros per metric tonne. 

 

Figure 3.1 Monthly prices of iron ore in 2011 constant Euro per metric tonne, 1982-2011, single trend 

 
Source: IMF, Ecorys calculations. 

 

The real prices show a general upward trend between 1982 and 2011. The real prices are very 

volatile between 1982-1988, followed by a relatively stable period and becoming again very volatile 

from around 2000 until 2011. In the late 1970 and early 1980 the OPEC oil embargo and a 

worldwide recession are responsible for the price leak in these years. The small increase since 

1997 is a result of the Asian financial crisis and the resultant decrease in demand. Based on visual 

observation, a trend break starts very late in the series, namely after 2005. This corresponds to the 

explosion of the oil price.  
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The price increase since 2000 can mainly be explained by the rapid industrial development of 

China and other countries, and the increasing demand for iron ore. At the beginning of 2005 the 

iron ore producers negotiated an unprecedented price increase of 71.5% from steel mills. The 

global financial crisis influenced the price shift from 2008 and thus was responsible for the price 

falls, the first since the rapid price increases from 2005. Since 2010, the real price has been 

increasing until beginning of 2011 (in January 2011 reaching 108 EUR/tonne), after which the price 

has been decreasing (in November 2011 reaching 77 EUR/tonne). 

 

Relation to inflation – the correlation coefficient between current prices of iron ore and inflation 

(MUV index) is moderate at 0.57. However, regressing inflation (+ constant) on current prices of 

iron ore returns an R
2
 of 0.27.

14
 From both these results it can be concluded that changes in current 

iron ore prices do not fully follow changes in inflation.  

 

Key drivers of prices 

The existing literature identifies the following key drivers of iron ore prices: 

 Overall economic situation: Due the fact that iron ore is a main raw material of iron and steel 

and thus its supply is critical to the economies of developed and developing countries, the price 

is heavily dependent on their economic situation; 

 Economic development of the key consumer-states: In the last years China became in 

economic terms more and more important and therefore the price of iron ore depends on the 

negotiations between the miners and the China Iron & Steel Association (CISA); 

 Investments and innovations in the mining capacity: Like most of the raw materials the 

price of iron ore is also linked to producers, and hence on the investments and costs of the 

leading mining companies; 

 Oligopolistic market: There are three key producers of iron ore who own around 70-75% of 

the market (for more detail see the competitiveness section). As mentioned above, these 

producers managed to negotiate a substantial price increase in 2005. Nowadays, there is also a 

spot market, which influences the price but can also lead to market speculation; 

 Energy costs: the price of iron ore production depends highly on transportation costs, which in 

turn depend on energy costs. 

 

Analysis of volatility 

When separating the price changes into ten year periods to 2011 as presented in the table below, 

this shows the key trends by decade. The last column shows the calculated volatility for the 

different time periods. 

 

Table 3.1 Periodic changes in iron ore prices, EUR / tonne, 2011 constant prices 

Years 
% Total change in 

prices 

Average annual % 

change (compounded) 

Volatility (coefficient of 

variation) 

1982-1990 -61.1% -10.0% 0.545 

1991-2000 75.3% 6.4% 0.324 

2001-2011 175.5% 10.7% 0.644 

Total 1982-2011 132.7% 2.1% 0.748 

1990-2011 498.3% 8.9% 0.837 
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  Using equation: Log(inflation) = constant + beta * Log(current iron ore prices). 
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We use the coefficient of variation as a measure for volatility. From table 3.1, we see that the real 

prices of iron ore are highly volatile. The lowest volatility has been between 1991-2000, equalling to 

0.32 and rocketing between 2000-2011 (0.64). As a comparison, the volatility of aluminium has 

been between 0.18-0.24 during the same period.  

 

The main reasons for such a high volatility are: 

 Speculation on the market – historically the prices were negotiated between the key producers 

and were relatively stable. Early 2010, a new price model was set up based on the average spot 

price for iron ore supplied to China, quoted in a regularly published iron ore index. This lead to 

ever shorter cycles and greater volatility;
15

 

 Oligopoly market - iron ore is an oligopolistic industry that is controlled by the world’s three 

largest mining companies BHP Billiton, Rio Tinto, and Vale, they are expected to continue to 

use their pricing power to maintain relatively strong pricing from a historical context. 

 

In the future, market prices are expected to be more volatile and at high level. For most regions, the 

literature predicts market prices to be at or only slightly below the 2009 level, hence steelmakers’ 

raw material costs will continue to make up a significant portion of the final steel price. Due to the 

new spot market-linked pricing mechanism and emerging speculation effects, market prices will are 

expected to become more volatile.
16

 

 

 

3.1.3 Future trends in resource prices 

This section presents the forecasts in iron ore prices from the secondary literature as well as based 

on our own calculations. Three potential future scenarios are also presented. 

 

Model fit of past prices for estimating future prices 

Stationarity tests for the monthly series show there is no stationarity for the entire 1982-2011 

period. This has implications for making projections. The model that best fits the data in terms of 

R
2
, DW and t-statistics is where price depends on one lag. The following figure presents the result 

and the estimated equation and statistics. The lag variable is statistically significant with 99% 

confidence.  
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  Bielitza and Lingstädt (2011). 
16

  Bielitza and Lingstädt (2007), p. 4. 
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Figure 3.2 Model fit of monthly prices 

 
Source: Ecorys calculations. 

 

Since the data is highly unstationary, we will not use this model for future projections. 

 

Existing forecasts 

The literature offers several forecasts for the development of iron ore prices. 

 

Forecast 1: World Bank (2012) Commodity Price Forecast Update 

Iron ore forecast USD/dry metric tonne 

2012 2013 2014 2015 2016 2017 2018 2019 2020 2025 Change 

2012-25 

150.0 135.0 120.0 110.0 100.0 90.0 95.0 100.0 102.5 115.0 -35 

% change -10.0% -11.1% -8.3% -9.1% -10.0% 5.6% 5.3% 2.5% 12.2% -23.3% 

Source: WB. % changes Ecorys own calculations. 

 

Forecast 2: Iron ore trade flows and regional market prices, 2020 base case 
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Iron ore forecast USD/tonne base case 2020 

North 

America 

South 

America 

Europe Africa & M.E. India CIS China Other Asia Oceania 

55 67 68 72 53 75 86 84 78 

Source: Bielitza and Lingstädt (2007), p. 4. 

 

Forecast 3: Raymond James Ltd, 2012 

Iron ore forecast USD/dry metric tonne 

2009A 2010A 2011A 2012E 2013E 2014E 2015E 2016E Long-term 

133.14 240.65 275.62 230.00 220.00 200.00 180.00 160.00 140.00 

% change 81% 15% -17% -4% -9% -10% -11% -13% 

Source: Raymond James Ltd, 2012; A means actual and E expected. 

 

Even though the prices are in USD and per dmtu, hence offer limited comparability to our 

projections in absolute terms, they show a general downward trend of iron ore prices after 2012.
17

  

 

Five key trends are expected to influence iron ore prices over the coming years: 

1. Oligopoly of supply; 

2. Fragmented but growing demand in China; 

3. India’s withdrawal from the seaborne market; 

4. China’s increasing dependence on imported iron ore; 

5. Supply growth.
18

. 

 

These and other forecast scenarios are underpinned by a variety of additional assumptions: 

 OECD research assumes that the global middle class will increase by three billion people over 

the next 20 years;
19

 

 in 2050 the global population will be approximately 9 billion (calculated assuming a medium 

fertility scenario with an increase of 0.9%);  

 in 2050, Western Europe, North America, and Japan will have a standard of living expressed as 

per capita income of over 40,000 USD per year; 

 in 2050 China will have joined the developed countries with a GDP of 70% of the U.S. GDP;
20

 

 Demand for steel is expected to increase by about 80% from 1270 million tonnes in 2010 to 

2290 million tonnes in 2030, primarily driven by increasing demand from China, India, and other 

emerging markets. Three sectors could account for 80% of the global growth in steel demand. 

The construction sector could generate 50% of global steel demand growth, with demand driven 

by urbanization. The machinery and engineering sector could account for around 20% of global 

demand growth as the industrial sectors of emerging markets, particularly China, expand. 

Finally, the transport sector could be responsible for around 10% of global growth in the 

demand for steel, reflecting the increasing penetration of cars in emerging markets;
21

 

 Despite sufficient reserves of iron ore globally to meet future demand, the failure of mining 

capacity to keep pace with increasing demand may keep margins high;
22

  

 The demand surge is likely to be compensated by considerably higher global iron ore 

production capacities, stemming from numerous green- and brownfield expansion projects, 

especially in South America and Oceania. With its high-quality and thus low-cost ore resources, 

Africa is expected to establish itself as the indisputable number three supplier; 
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  Additional literature showing downward trend of iron ore prices is Salman Partners (2012) based on company reports. 
18

  Raymond James Ltd, 2012. 
19

  McKinsey (2011), p. 33. 
20

  Backmann (2008), p. 1250. 
21

  McKinsey (2011), p. 42. 
22

  McKinsey (2011), p. 48. 
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 Projections for expansions presented by Indian industry leaders indicate that iron ore production 

must reach 290 million mt by 2020 to meet domestic steel demand estimated at 180 million mt 

annually;
23

 

 Global steel consumption and GDP are closely related. The continued migration of economic 

strength into the Asia-Pacific region is expected to provide underlying support for demand 

growth for years to come;
24

 

 Expected increased urbanization and industrialization across China and India over the next 15-

25 year period indicates growth in the steel market. These world’s two most populous nations 

(~37 % world population) are believed not have reach their steel intensity use, which is 

invariably correlated to GDP growth on a per capita basis;
25

 

 The growth in iron ore supply outweighs the growth in demand. This trend should start to assert 

itself meaningfully in the 2015‐2016 timeframe as many large iron ore projects are expected to 

begin production in these years.
26

 

 

Future price projections 

The study performed by McKinley outlines the three following scenarios:  

 Supply expansion case: It is assumed that resource productivity does not grow faster than the 

base-case projections and leaves the remaining strain of meeting demand on expanding supply. 

The base case assumptions allow for productivity improvements consistent with current policy 

approaches and projected economic development. In this scenario, the supply of key resources 

expands to meet rising global demand at the same time as compensating for the depletion of 

existing supply.
27

 Under this scenario, the supply of iron ore over the next 20 years would need 

to be 57% higher than the past 20 years (which amounts to 1790 million tons);
28

 

 Productivity response case: The second scenario takes the base-case productivity growth 

assumed in the first scenario and adds a range of opportunities to boost resource productivity, 

filling the remaining gap with supply.
29

 The successful implementation of these opportunities 

could address more than on-quarter of expected demand growth for steel over the next 20 

years;
30

  

 Climate response case: This scenario describes the pathway towards a long-term stabilization 

of emissions at 450-ppm carbon dioxide equivalent which is estimated to have a 40-60% 

chance of containing global warming below the two degree Celsius threshold by the end of the 

21t century.
31

 

 

From the analysis of past trends of iron ore prices, it could be seen that real iron ore prices were 

highly volatile since around 2000. The market is rather oligopolistic where price is negotiated 

among the key producers and could double within a short period of time. There exists also a lot of 

speculation on the spot market, which all contributed to significant price fluctuations in recent years. 

It is however expected that these fluctuations are temporary, mainly due to the rapid increase of 

demand for iron ore from China, and the real prices should stabilise in the next periods. 

 

The historical time series were not stationary which does not allow us to apply a lag model for price 

projections. Instead we have developed a forecast model for iron ore prices to present 3 possible 

scenarios using the following parameters: 
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  Ericsson (2007), p. 66. 
24

  GMF (2011), p. 55. 
25

  GMF (2011), p. 57. 
26

  Raymond James Ltd, 2012. 
27

  McKinsey (2011), p. 8. 
28

  McKinsey (2011), p. 63. 
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  McKinsey (2011), p. 10. 
30

  McKinsey (2011), p. 73. 
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  McKinsey (2011), p. 15. 
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 Brent crude oil prices in EUR 2011 per barrel; 

 World iron ore production (metric tonnes); 

 EU27 imports and exports (metric tonnes); 

 Global and EU27 GDP (million Euros). 

 

Annual data for these measures is available for 1992-2010. Future projections of iron ore prices are 

largely based on oil prices since the production as well as processing of iron ore significantly 

depend on energy costs (production of steel even more). The forecasting model that had the best 

statistical properties is the following: 

 

Log(FE_const) = const + beta1*log(Brent_const) +beta2*log(FE_world_prod) +beta3*log(GDP_EU) 

 

Three price scenarios are formed as follows: 

 Base case: Brent prices to stay 80-81 €/bbl, world iron ore production to grow at 4.8% annually 

compared to the previous year and EU GDP to grow 1% annually. The projection model is most 

sensitive to the changes in the oil price. Substitution of these values into the regression 

equation leads to a projection for the yearly constant iron ore prices; 

 High case: Brent prices to grow to 97 €/bbl by 2020, world iron ore production to grow at the 

same rate as in the Base case and EU GDP to grow at 1.5%. Substitution of these values into 

the regression equation leads to a projection for the yearly constant iron ore prices; 

 Low case: Brent prices to reduce to 68 €/bbl by 2020, world iron ore production to grow at the 

same rate as in the Base case and EU GDP to grow 0.5% annually. Substitution of these values 

into the regression equation leads to a projection for the yearly constant iron ore prices. 

 

Oil price projection is based on the latest EIA-US projection. High and Low are taken as the in-

between values of the High and Low of EIA, to achieve a reasonable price spread. 

 

The following graph shows the result in terms of constant (2011 €) iron ore prices. This shows that 

in a base case scenario we would expect iron ore prices to increase from a 2011 level of around 

114 €/tonne to around 175 €/tonne in 2020, a total increase of 53.1% over the period. In the high 

scenario prices are forecast to increase to around 181 €/tonne in 2020, a total increase of 58.8% 

over the period. In the low scenario prices are forecast to decrease to around 169 €/tonne in 2020, 

a total increase of 47.8 % over the period. The prices closely follow oil prices. The graph also 

shows the projections based on the lag model. However, it can be seen that these results are 

unreliable (data are not stationary).  

 

Figure 3.3 Projection for iron ore prices (in constant 2011 EUR) 

 
Source: Ecorys calculations. 
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The discrepancy with the existing literature might be due to the assumption that iron ore prices 

closely follow crude oil prices. Even though energy prices form an integral part of iron ore 

production, the increasing demand and abundance of supply of iron ore (mainly in China and India) 

might be a reason that drive iron ore prices down in the future.  

 

 

3.1.4 Competitiveness analysis and behavioural impacts 

Production of iron ore 

Iron ore production is an oligopolistic market with three main iron ore producers. Iron ore is mainly 

mined in China, Australia, Brazil and India. Three big mining companies account for about two 

thirds of the total world production (see Figure 3.4).  

 

Figure 3.4 Global iron ore market share 

 
Source: Thomas White, 2010. 

 

There has been no problem with the supply of iron ore, and the world iron ore production more than 

doubled over the last ten years as seen in Figure 3.5. 

 

Figure 3.5 World iron ore production in tonnes 

 
Source: USGS. 

 

This steep production increase is due to an equally steep demand increase from China. The EU 

share of total production decreased from 2.5% in 2002, to 1.4% in 2010 (see table below). 

However, this is due to the explosive increase of world production rather than decrease of the EU 

production volume (the EU production volume actually increased over the last years). 
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Iron ore production cost structure 

Iron ore production is extremely capital intensive business. Regarding the estimates of the cost 

structure of iron ore production, this differs per producer and depends on factors such as the type of 

iron ore, distance to customer and iron ore grade. The figure below shows the main components 

that make up the total production costs. The degree of iron content in the ore and the transport 

distance have the largest influence on the costs. The costs of these components do not fluctuate 

strongly. The declining degree of iron content in the ore causes a gradual price increase and rising 

energy costs may cause an increase of transport costs in the future.  

 

Figure 3.6 Iron ore production process 

 
Source: National Bank Financial. 

 

As can be seen from the figure below, the main costs related to the iron ore production relate to 

contractors, secondary taxes and royalties. Fuel and energy account only for 8%, transport for 

another 11%.  

 

Figure 3.7 BHP Billiton iron ore production cost breakdown 

 
Source: The Business of Mining (2011). 

 

Trade flows 

World iron ore trade is dominated by China. Over the last 10 years, the Chinese iron ore demand 

exploded, which is reflected in the total world production, the iron ore price and the share of China’s 

imports compared to world iron ore import. Figure below depicts the development of Chinese iron 

ore trade volume, compared to the rest of the world (RoW).  
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Figure 3.8 Iron ore trade volume in China versus rest of the world 

 

 

Over the last 4 years (2008-2011), 62% of the world iron ore imports went to China. Due to their 

huge iron ore demand, China is not among the top exporters even though it is the world’s largest 

producer. The pie charts below show the top importers and top exporters in terms of import and 

export value over 2007-2011.  

 

Figure 3.9 Top importers and exporters in terms of trade value 2007-2011 

 
Source: UN Comtrade. 

 

Consumption 

The strong increase in iron ore production that was noted in the previous section is driven by an 

equally strong increase in consumption. Global iron ore apparent consumption
32

 doubled in six 

years, from 1088 million tonnes in 2002 to 2281 million tonnes in 2008. The economic crisis then 

momentarily halted the increase in 2009, but 2010 already saw a strong consumption increase 

again. Projections from literature show a maintaining consumption increase over the next decades, 

mainly driven by the emerging markets. The demand growth from China is expected to be followed 

by India and other emerging markets.  
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  Apparent consumption estimated as production + imports – exports. 
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The reason that such economic booms result in explosive steel demand is the associated 

urbanization and industrialization trend. The European economies are further developed and 

subsequently iron consumption is more or less stable. Although absolute consumption varies only 

slightly, the growing global consumption caused Europe’s share of world consumption to steadily 

decrease from 14.6% in 2002 to 5.8% in 2010.  

 

Summary of EU position 

These and other trends are described in Table 3.2 below.  

 

Table 3.2 Iron ore production, consumption and trade flows 

Period 2002 2003 2004 2005 2006 2007 2008 2009 2010 
Change 

2002-10 

Global production 

(million tonnes) 
1 100 1 210 1 360 1 550 1 830 2 040 2 210 2 230 2 590 135.5% 

EU production (million 

tonnes) 
28 29 30 31 30 33 32 25 36 30.8% 

% EU share of world 

production 
2.5% 2.4% 2.2% 2.0% 1.7% 1.6% 1.4% 1.1% 1.4% -1.1% 

Global consumption 

(million tonnes) 
1 088 1 257 1 357 1 510 1 832 2 061 2 281 2 220 2 526 132.2% 

EU consumption 

(million tonnes) 
159 168 183 178 179 177 174 101 147 -7.7% 

% EU share of world 

consumption 
14.6% 13.4% 13.5% 11.8% 9.8% 8.6% 7.6% 4.6% 5.8% -8.8% 

World imports (million 

tonnes) 
513 610 636 697 754 821 878 925 1020 98.8% 

EU imports (million 

tonnes) 
136 144 160 153 154 150 149 83 120 -12.2% 

% EU imports of EU 

consumption 
85.6% 85.7% 87.2% 86.1% 86.1% 84.8% 86.0% 82.1% 81.4% -4.2% 

World exports (million 

tonnes) 
525 564 639 737 752 800 808 935 1083 106.3% 

EU exports (million 

tonnes) 
5 5 6 6 6 6 7 7 9 90% 

% EU exports of EU 

production 
16.6% 16.8% 20.9% 19.4% 18.3% 18.7% 22.9% 27.8% 24.1% 7.5% 

EU self-sufficiency 

ratio 
17% 17% 16% 17% 17% 19% 18% 25% 25% 7.2% 

 

From Table 3.2, the following conclusions can be made: 

 EU share of world production has decreased by 1.1 percentage points between 2002-

2010 (from 2.5% in 2002 to 1.4% in 2010) – this means that Europe is producing relatively less 

iron ore over the years compared to the world production. EU production, although marginal 

compared to world production, has increased in absolute terms over the same period; 

 EU share of world consumption has decreased by 8.8 percentage points between 2002-

2010 – EU consumption volumes have been more or less stable, but world consumption 

increased dramatically; 

 EU imports of EU consumption decreased by 4.2 percentage points, from 85.6% to 81.4% 

– The EU is thus highly dependent on imports, and this dependency is stable or slightly 
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decreasing. This might be due to slightly increased EU production, while EU consumption 

decreased; 

 Proportion of EU production that is exported outside the EU is slightly increasing with 

7.5 percentage points between 2002-2010 – Exports are about a quarter of total EU 

production. 75% is thus used within the EU; 

 EU self-sufficiency ratio increased by 7 percentage points, from 17% in 2002 to 25% in 

2010 – This increase is only observed in the last 2 years. It can be attributed to a decrease in 

EU demand due to the economic crisis, while production slightly increased.  

 

Figure 3.10 shows these trends. 

 

Figure 3.10 European iron ore trends 

 
Source: USGS, UN Comtrade, Ecorys own calculations. 

 

The EU self-sufficiency ratio shows the extent to which EU production meets its consumption 

needs. In case of iron ore, the EU covers only around 25% of its consumption from own production, 

so it is highly dependent on imports of iron ore. The increased ratio implies that EU production has 

increased while EU consumption has decreased. The decreased EU consumption can be mainly 

attributed to decreased demand for steel during the economic crisis in 2009. In 2010 EU 

consumption has increased again significantly, by around 50% compared to 2009. The role of 

recycling steel is hence crucial. 

 

Secondary markets, recycling and substitutability 

Very little iron scrap is recycled, but more than 67% of steel scrap is being recycled. Recycling 

rates depends on the country, for example in 2008, Spain and Turkey produced nearly 90% of their 

steel from recycled material, Italy 77%, the US 64% and Germany 45%. The share of recycled steel 

in steel production is considerable lower in China, India and Brazil.
33

 Recycling of steel scrap is 

much more cost-effective than mining or recycling iron ore. Further steel scrap recycling has 

benefits in terms of reduced usage of raw materials, energy and landfill space.
34

 The primary 

source of obsolete steel is the automobile industry. The price of iron steel scrap follow the price 

developments of iron ore. 
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  WorldWatch Institute, World Metal production surges, 2009. 
34

  USGS Minerals, Iron and Steel Scrap Statistics and Information, 2012. 
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Figure 3.11 Overall Steel Recycling Rate 

 
Source: Accuval Industry insights (2010). 

 

Iron ore as such has no substitutes. However, iron and steel face competition from lighter materials 

in the motor vehicle industry; from aluminium, concrete, and wood in construction uses; and from 

aluminium, glass, paper, and plastics for containers. 

 

Criticality assessment for the EU 

Based on the production, trade and consumption patterns described above, and the recyclability 

and substitutability, some conclusions can be drawn on the criticality of this raw material for the EU.  

 

Even though Europe is substantially dependent on imports of iron ore and the production is 

concentrated in 3-4 countries, there is abundance of this resource and recycling and substitutability 

of alternative materials is possible. Demand for iron ore is expected to grow, and the key challenge 

will be China and India with its booming demand for iron and steel as part of their industrialization 

and urbanization processes. This puts a pressure on iron ore and hence also on steel prices. The 

most affected steel industry extensively recycles steel scrap in the steel production process, which 

lessens the dependence on iron ore. As such, the criticality of iron ore is estimated to be low. 

 

This is consistent with the risk assessment done by the British Geological Survey. Iron ore is rated 

the second lowest risk of all metals and minerals, i.e. 3.5 points out of 10. This assessment takes 

into account scarcity, distribution of reserves, production concentration and political stability. 

 

The impact of price changes on the competitiveness of EU sectors  

Most price forecasts from literature project a relatively high base-level iron ore price but with a 

decreasing trend. In the EU, there is a trend to protect the internal market by charging export taxes, 

which may drive up iron ore prices, according to the literature.
35

 The current shift towards an iron 

ore spot market also increases the price fluctuations in the short term and volatility. Iron ore 

reserves are abundant, so according to supply and demand dynamics, price increases will cause 

an increase of production. Europe’s most notable iron ore producers, Norway and Sweden, are 

already showing a production increase. The increasing demand from China and other emerging 

countries has lead to radical changes in the structure of the iron ore and steel market. It should be 
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  AT Kearney, Steel’s Challenge (2010).  
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noted that a production increase is both a result and a cause of the high iron ore prices. Iron ore 

producers invest heavily in new mining capacity, which will be factored in the iron ore price. The 

impact of iron ore price on the EU consumption depends on the iron and steel demand, as these 

markets are one-on-one related. If prices continue to rise, some end use sectors may look for 

substitute materials which offer better value for money.
36

  

 

The key factors influencing Europe’s competitiveness are: 

 Export taxes of producing countries; 

 Steel demand in Europe – price change of iron ore can have an impact on the competitiveness 

of European steelmakers; 

 Energy efficiency – energy costs form a substantial part of iron ore and steel production. 

Increased energy efficiency is hence the prime lever for cost reduction in steel production.
37

 

 

Steel sector 

The iron ore price makes up a substantial share of the steel production costs (more than 40%
38

), 

hence if the iron ore price increases, the steel production must increase as well, otherwise there is 

a price-cost squeeze threatening profits of steelmakers in Europe. For steel produced in Western 

Europe, this share of iron ore price of the steel production costs increased from around 20% in 

2005 to 40% in 2010.
39

 This holds for other producers as well, but steel producers in iron ore 

producing countries have an increasing competitive advantage as they do not have to import their 

iron ore and hence avoid paying export tax. Security of supply is becoming increasingly important 

with rising iron ore prices. Some countries respond by imposing export restrictions. In January 

2012, India raised its export tax from 20% to 30%. Brazil is also said to consider an export tax of 

5%. Figure below shows the effect of Indian and Brazilian export tax on the prices of iron ore in 

Europe.  

 

Figure 3.12 The impact of export tax on European market price of iron ore 

 
Source: Bielitza and Lingstädt (2011). 

 

As a result, Western European steel producers face high costs for raw materials, whereas 

producers in Brazil, India, Russia and South Africa benefit from lower raw material costs as they 

have local access to iron ore. A further advantage for these countries is that they pay lower 

transport costs, which account for up to 15% of total production costs.
40

 As a result, producers from 
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  AT Kearney, Steel’s Challenge (2010). 
37

  BCG, Sustainable Steelmaking (2009). 
38

  EC, European Competitiveness Report (2011), Ch4 Access to non-energy raw materials and the competitiveness of EU 
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39
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the latter countries are among the most competitive steel producers in the world.
41

 It is in Europe’s 

interest to prevent these market restrictions and promote free trade.
42

 With rising iron ore prices, 

the relative weight of labour costs in the total production costs of steel decreases.  

 

Figure 3.13 Steel production cost breakdown in Western Europe (2002-2010) 

 
Source: World Steel Dynamics, World Steel Association, AT Kearney. 

 

The competitiveness of European steel makers versus the steel industry in regions with lower 

labour costs, like China or Russia, will thus improve.
43

 The same holds for steel consuming sectors, 

such as the car or white goods manufacturing industry.  

 

The cost of steel production highly depends on energy costs and energy efficiency in production 

processes might prove to provide competitive advantages to European steelmakers who are most 

energy efficient. Energy costs in a regular steel plant account for more than one third of production 

costs, global final energy consumption of iron and steel industry account for 21% of total industrial 

energy consumption according to the International Energy Agency and correspond to 30% of total 

industrial CO2 emissions.
44

 Theoretically, around 20% of global steelmaker’s energy consumption 

could be reduced if best practices would be adopted around the world.
45

 

 

Construction and infrastructure sector 

Iron ore is an essential raw material to produce steel, which is a main material in the construction 

sector. Construction industry accounts for around 50% of world steel production.
46

 As was already 

mentioned, the production costs of steel depend on raw materials (iron ore, coal), labour and 

energy costs. These costs vary per country. Increasing the price of iron ore will hence have a direct 

impact on the price of steel and hence affect the construction industry. The cost of iron ore for 

European producers also depends on the export tax of iron ore producing countries. This will affect 

steel producers in the construction sector in all non-iron ore producing countries, making those 

countries at disadvantage which have relatively higher labour and energy costs. 
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Automotive sector 

Steel is the best automotive material in terms of its design flexibility, cost effectiveness, low 

emissions during manufacture, and recyclability.
47

 The choice of material is crucial for automotive 

industry. Not only in terms of strength and safety but also cost-wise. Steel is at a considerable 

comparative advantage to its substitute, aluminium. Aluminium is approximately 3 times as more 

expensive than steel. Hence, the price of steel, and as such of iron ore greatly influences the choice 

of the key material. Moreover, primary aluminium requires more energy to be used in its processing 

as well as along the manufacturing stage.
48

 Therefore, the increase in the price of steel might shift 

the focus to other materials in the automotive industry.  

 

In 2010, when the price of iron ore skyrocketed, automobile industry associations made clear that 

increases in iron ore prices have impacts on the competitiveness of this sector since roughly one 

tonne of steel is used per car, hence this sector is a major client of iron ore exports.
49

 Moreover, the 

cost pressure in the sector is already high due to large investments in environmental and safety 

technologies, while economic recovery and consumer demand are still slow. 

 

Completeness of price message 

Price signals do not always reflect all the scarcities, externalities and other market failures in the 

production of the resource. With respect to iron ore, the following assessment is made in terms of 

the completeness of the price message. 

 

Market structure 

The iron ore market is a peculiar one. For over 40 years, the iron ore price has been determined 

annually by negotiation between steel makers and iron ore producers. This system was abandoned 

in 2010, and since then the market is moving away from this benchmarking system towards a spot 

market. This transition is not completed yet, so the influence of speculation on the iron ore market is 

still limited. Moreover, as a (large) part of the volume is still traded through negotiated contracts, the 

transparency of the market is limited. The iron ore market is dominated by three large export 

countries (China, Australia and Brazil) and three big mining companies, Vale (25%), Rio Tinto 

(17%) and BHP Billiton (24%).
50

 The remaining producers have limited market power and new 

producers cannot easily access the market as the required capital investments are huge. Combined 

with the aforementioned market system this makes for a distorted market price. To secure supply 

and limit the market power of the three big iron ore miners (none of which is Chinese), China 

actively encourages the build-up of additional iron ore production capacity.  

 

Externalities 

There are also environmental and societal costs associated with the production of iron ore which 

are not reflected in the iron ore price: 

 First, iron ore and steel production are strongly energy intensive industries with high energy 

consumption and related high CO2 emissions. The impact on environmental pollution are not 

fully reflected in the price as the key producers such as China do not take into account these 

environmental costs in the pricing of iron ore or steel; 

 The carbon and water inputs for the iron ore mining process are thus far largely under-priced. 

Large areas are deforested to make room for open mining pits. Furthermore, 39% of iron ore 

mines are in areas of moderate to high water scarcity.
51

 If carbon price would rise to a level of 
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$30/tonne, the iron ore costs could increase by 3.3%. An adequate incorporation of the water 

costs of iron ore mining would result in a 2.5% price increase. Combined, this means that in 

water-scarce regions, some operators could face increased costs of up to 16%.
52

  

 

Table 3-3 presents the estimated energy consumption and CO2 emissions during the mining and 

processing of ore over the different stages. 

 

Table 3.3 Energy consumption and CO2 emissions of iron ore production process 

 
Source: Natural Resources Sustainability: Iron ore mining (2011). 

 

Export taxes and subsidies 

Iron ore prices are also influenced by export taxes and subsidies in producer countries. Export 

taxes from emerging countries may amount to 5-20% for iron ore and 10-35% for scrap.
53

 This 

increases prices significantly, creates a cost-advantage to the producing countries and also distorts 

the completeness of the price message of iron ore.  

 

Summary 

To sum up, the iron ore price might not solve the resource efficiency problem because the prices do 

not reflect all contingencies. These are mainly: 

 Oligopolistic market for iron ore production; 

 Market speculation on the spot market; 

 Negative externalities such as carbon and water costs; 

 Export taxes and subsidies. 
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3.2 Copper (non-ferrous metal) 

3.2.1 Key facts 

Key facts  

Description  Copper is a non-ferrous metal (NFM). Copper occurs naturally in the earth’s crust in a 

variety of forms, but 90% of global production of copper is estimated to be derived from 

sulphide deposits. Pure copper metal is generally produced from a multistage process, 

beginning with the mining and concentrating of low-grade ores containing copper 

sulphide minerals, and followed by smelting and electrolytic refining to produce a pure 

copper cathode. Copper has become a major industrial metal because of its high 

ductility, malleability, thermal and electrical conductivity, and its resistance to corrosion.  

Price definition Price for copper at the LME is the settlement price, in dollars, for grade A copper with 

minimum 99.99% purity. 

Globally traded Copper is globally traded on metal exchanges such as the London Metal Exchange; 

(LME), New York Commodities Exchange (COMEX) and Shanghai Future Exchange 

(SHFE).  

Trade flows Chile dominates world’s exports of copper concentrate and refined copper. The five 

leading exporting nations of copper in 2009 were:  

Unrefined copper: Chile, Peru, Indonesia, Australia and Canada; 

Refined copper: Chile, Zambia, Japan, Russian Federation, Peru. 

 China is the largest importer of refined copper followed by USA, Germany, Italy and 

Taiwan, India, South Korea and Germany. China is also the largest consumer of copper. 

In 2009, China consumed 39% of the world’s refined copper. 

Global volumes Refined primary copper production totalled 15.7 million tonnes in 2010. The 5 biggest 

producers were: China, Chile, Japan, US and Russia. 2.6 million tonnes of refined 

copper were produced by the EU27 in 2010, with Germany, Poland, Belgium and Spain 

the biggest producers. Chile is the largest producer of mined copper ore, it accounts for 

33% of world's copper production followed by Peru, USA, China, Australia, Indonesia, 

Zambia, Canada and Poland.  

2010 Global value €94.7 billion. 

2010 EU value €15.7 billion. 

EU Self-sufficiency 

ratio 2010 

52.7% 

Key sectors Copper is mainly used in electrical and electronic products. About a quarter of all copper 

is used in electrical products (e.g. energy efficient power circuits, components of 

television, computers, audio and video amplification). The second sector using the 

largest amount of copper is construction, with products such as wire, plumbing pipes, 

electrical outlets and roofing. Other areas of use are transportation equipment 

(radiators, brakes, and wiring in cars), industrial equipment, and consumer and 

general.
54

 

Environmental 

impact 

Mining copper is an energy intense process, causing significant CO2 emissions. Another 

environmental concern (for primary copper production) is emissions to air of dust and 

metals/metal compounds and of sulphur dioxide during the smelting process. 

Discharges of the polluted waste into the environment, including surface water and 

ground water. 

Data source used World Bank (pinksheet). 

Data coverage 1960 -2010 monthly and yearly prices. 
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Key facts  

Additional data 

sources 

International Monetary Fund. Monthly prices (1980-2011). BGS copper profile 2007, 

BGS European mineral statistics 2005-09, BGS World Mineral production 2006-1010, 

and USGS World Mineral production 2010. 

Unit USD/ metric tonne; 

Conversion to Euro using yearly exchange rates by Eurostat. 

Deflator MUV Index, 2011=100 (constant prices at year 2011 level). 

Anything other 

relevant  

EU27 has effective 54% import dependence on copper
55

. Global supply risk index for 

copper is 4.5 (low), rated by BGS
56

.  

Selection criteria Copper is the world's third most widely used metal, after iron and aluminium. It is 

considered to be essential for the economies of developed countries. Copper 

consumption has been increasing in emerging economies, in particular in Asian 

countries as global manufacturing is relocating to China and other countries in central 

Asia. The EU Raw Materials Initiative identified it as one of the most important 

resources for future technological change (Efficient electric motors, RFID) as copper is 

essential for higher energy efficiency of applications.  

Outlook Prices to increase by 7% by 2020 in a base case scenario, approximately 1% per 

annum. High growth scenario sees 22% growth (2.5% p.a.) and Low growth -3.7% over 

the same period. Copper prices expected to vary positively with GDP and oil prices.  

Trend value Long term trend is of increase in real prices of 0.9% per annum during 1971-2011.  

 

 

3.2.2 Past trends in resource prices and volatility 

Evolution of real prices 

 

Figure 3.14 Price of copper in 2011 constant EUR per metric tonne, 1971-2011 
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Source: data from World Bank, Ecorys calculations. 

 

Real prices of copper show significant fluctuations between 1971 and 2011. While the main 

fluctuations tend to track the global economic cycle there are two significant deviations from this 

general pattern. The first occurred at the start of the time series where prices started relatively high 

but declining and then experienced a peak in 1974 at over 7 600 euro/tonne, which in real terms 
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represents the highest price in the whole period. This price spike coincided with the effects of the 

1973 oil crisis, and Chilean political unrest, and subsequently passed as the worst impacts of both 

subsided. The second significant change started in 2005 where prices suddenly increased from 

their trend levels, more than doubling within a year. Copper prices have been persistently high 

since, although they did briefly fall back to trend during the middle of the financial crisis, they soon 

recovered. The reasons behind these latest increases are not completely clear, but a significant 

increase in demand caused by increasing consumption by emerging economies and increasing use 

in new technologies is understood to be a major driver. Based on visual observation, there is no 

trend break in copper prices in 2011 constant EUR. 

 

Relation to inflation – the correlation coefficient between current prices of Copper and inflation 

(MUV index) can be judged moderately high at 0.62, indicating a statistical relationship between the 

two variables, but not a strong one. Regressing inflation (+ constant) on current prices of Copper 

returns an R
2
 of 0.43. From these results it can be concluded that changes in current copper prices 

follow changes in inflation to a moderate extent. 

 

Key drivers of copper prices 

In addition to classic issues of supply and demand and economic growth the following specific 

issues are important drivers of copper prices: 

 Global economic cycles – particularly in emerging economies: copper price and demand 

typically reflect global economic cycles as it is broadly used across a variety of economic 

sectors. It is closely tied to trends in developing economies as it is heavily used in infrastructure 

development; 

 Chile and China: the two biggest players in supply and demand of copper, producing or 

consuming over 30% of the global total. Political and economic changes in both these countries 

tend to have significant implications for copper prices. Labour unrest can disrupt supply and 

drive prices higher, while rapid economic growth and infrastructure development can also drive 

demand, and subsequently prices, higher; 

 Declining ore grades and other production issues: it is noted that at many existing mines 

ore grades are declining, therefore more has to be mined to achieve the same outputs. This 

increases a variety of associated costs in terms of labour, energy, water and land use which are 

passed through in prices of refined copper;  

 Global push towards energy efficiency and energy infrastructure upgrade: copper is in 

high demand for its electrical transmission qualities, the large scale changes to energy 

infrastructure and demand for efficient products is a specific issue in copper demand; 

 Expectations and commodity markets: copper is a commodity that is very closely tracked by 

markets, attracting significant trade and speculative activity, therefore expectations of economic 

growth, investment, recession, disruption can all lead to significant price impacts. Research and 

other information on the sector can have an important influence, for example in 2006 reports (by 

International Copper Study Group (ICSG), BHP Billiton and Bloomsbury Mineral Economics) 

indicating copper shortage/surplus and changes in global consumption had an impact on prices. 

The role and impact of markets is disputed, a recent study modelled the expected copper price 

for the period 2006-2008 and found that the prices and quantities co-varied exactly as the 

model predicted they should, suggesting relatively little price distortion in the market.
57
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Analysis of volatility 

Separating the price changes into ten year periods to 2011 as presented in the table below 

highlights the main trends by decade. As shown by the overall price trend the biggest movements 

per decade occurred in 1971-80, when a major price decline (-42%) was experienced, and 2001-

2011 where a major price increase (+165%) was experienced, while over the full period the 

increase of 44.9% represented a price increase of less than 1% per year.  

 

The large price decline between 1971 and 1980 includes a short high peak but overall a strong 

downward trend was evident. This has a number of factors including improved extraction and 

refining technology and expansion of supply that are relevant, the latter factor is important in the 

case of copper as there was a big move towards open cast mining of porphyry copper deposits at 

this time which decreased raw material costs.  

 

The large price increases between 2001 and 2011 were particularly evident from 2005. In addition 

to increasing demand from rapid global economic growth, particularly in emerging economies, there 

were also a number of supply side issues at work. These issues stemmed from supply disruptions 

in producer countries such as Chile and Mexico caused by both natural disasters and labour 

disputes. In 2006 alone, labour problems led to an estimated three percent of global production 

being lost, resulting in critically low levels of stocks in exchange warehouses, amounting to less 

than three days global consumption at times.
58

  

 

Table 3.4 Periodic changes in copper prices, EUR / tonne, 2011 constant prices 

Years 
% Total change in 

prices 

Average annual % 

change (compounded) 

Volatility (Coefficient of 

Variation) 

1971-1980 -42.0% -5.9% 0.363 

1981-1990 7.5% 0.8% 0.171 

1991-2000 11.7% 1.2% 0.145 

2001-2011 165.1% 10.2% 0.414 

Total 1971-2011 44.9% 0.9% 0.414 

1971-1989 -25.3% -1.6% 0.330 

1990-2011 143.7% 4.3% 0.494 

 

A good measure for volatility is the coefficient of variance (CV), which is defined as the standard 

deviation over the mean. The CV value increased from 33% over the period 1971-1989 to 49.4% 

over the period 1990-2011. This shows that volatility in copper prices has become higher in the 

more recent period. The period 1981-2000 is marked by relatively very low volatility in copper 

prices. 

 

The copper market faces many of the same causes of volatility prevalent in other metal and mineral 

materials, but also has some more unique aspects, including the following: 

 Vulnerability of major supplier countries to natural disasters – large shares of copper 

production are sourced from Chile and Peru, which both lie on the Pacific ring of fire and suffer 

from regular earthquakes. This can cause abrupt halts to the supply of mined raw materials 

used to produce refined copper; 

 Poor labour relations – production can also be abruptly effected by strike action by miners. 

Labour disputes are not uncommon in this difficult and dangerous job, carried out in countries 

with poorer working conditions and protection by law. As noted above, labour problems in Chile 

and Mexico have caused supply and price disruptions in recent years; 
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 Financial market considerations - including information effects, speculative pressures and 

hedging activity, usually giving rise to short-run volatility effects. Copper is a high profile 

resource, with large traded volumes, therefore it has attracted a variety of speculative 

commodity trading activity which has tended to accentuate ups and downs in prices. It is 

understood to be closely tied to economic growth and therefore prices swing with GDP 

forecasts. 

 

Future volatility could be expected to continue to follow these trends. Labour relations may improve 

over time as standards of living and conditions improve with economic growth, this would reduce 

this factor in volatility. 

 

 

3.2.3 Future trends in copper prices 

This section compiles and analyses a range of forecasts of future trends in copper prices from the 

literature. It supplements these with our own projections based on 3 growth scenarios and the 

trends and relationships described and modelled in this section.  

 

Model fit of past prices for estimating future prices 

Stationarity tests for the monthly series show very close to stationarity for the entire 1971-2011 

period (94% confidence), according to the Dickey-Fuller t-statistic of the unit root test with intercept 

and without trend. This implies that there is no trend break and the whole period can be used safely 

for future projections. Therefore the period 1971-2011 is a good measure to build a simple price 

projection model. The model with log converted variables and where the current value depends on 

two lags has the best fit in terms of R
2
, Durbin-Watson and t-statistics (log(Cu) = constant + coeff1 * 

log(Cu(-1)) + coeff2 * log(Cu(-2)). 

 

The following figure presents the result and the estimated equation and the statistics. All 

coefficients are statistically significant with 99% confidence. This model could be used as a basis 

for projection of the price development until 2020.  

 

Figure 3.15 Model fit of monthly prices of copper in 2011 constant EUR per metric tonne, 1971-2011  

 
Source: Ecorys calculations. 

 

Existing forecasts 

As a major commodity that is widely and globally traded there are a variety of future price forecasts 

available, a short summary of these is provided below.  

 



 

 

 

36 Mapping resource prices: the past and the future 

 

Forecast 1 World Bank (2012) Commodity Price Forecast Update 

Copper forecast USD/tonne 

2012 2013 2014 2015 2016 2017 2018 2019 2020 2025 Change 

2012-25 

8.500 9.000 8.000 7.000 6.500 6.000 5.500 5.750 6.000 6.500 -2.000 

% change  5.9% -11.1% -12.5% -7.1% -7.7% -8.3% 4.5% 4.3% 8.3% 

Source: World Bank (2012) Commodity Price Forecast Update. 

Note: the latest real 2011 price in USD/tonne = $7 565 (Dec 2011). 

 

Forecast 2: Cochilco, 2008 

 
Source: Cochilco, 2008. 

Note: multiplying by 22 gives the price in US$/t. The long term price in US$/t then is: 187 ¢/lb*22= 4114 US$/t.  

 

Forecast 3: Cochilco, 2011 

 
Source: Cochilco, 2011. 

Note: multiplying by 22 gives the price in US$/t. The long term price in US$/t then is: 250 ¢/lb*22= 5 500 US$/t.  

 

Notes regarding this figure: 

 Average historical margins imply average price of more than 215 ¢/lb ($ 4 730/tonne); 

 Simple statistical analysis gives an equilibrium price of 260 ¢/lb ($5 720/tonne); 

 Consensus forecast is around 235 ¢/lb ($5 170/tonne).  
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Forecast 4: UBS, 2007 

 
Source: UBS (2007). 

 

The long term price projection of UBS (2007) is 2 900 US$/t (130 ¢/lb). 

 

Summary of forecasts 

The forecasts sketch a range of future price scenarios with some divergence in expected trends. 

Forecast 4, is the oldest estimate and based on expectations before the financial crisis, this charts 

an expectation of real price growth of 4% per annum from 2004, undoubtedly based on continuing 

global economic expansion and industrialisation. The other forecasts follow the economic crisis and 

the recent price peaks, these all perceive that copper prices are currently much higher than trend 

levels and prices are likely to fall back towards trend in the coming years. The envisioned trend 

levels differ, ranging from around $4 000 to $6 000 / tonne to be achieved in 2020 (or around €3 

050 – 4 550 / tonne at Dec 2011 exchange rates). These predicted trends are consistent with the 

simple price trend of €3 250 in 2011, as shown in the first figure.  

 

Supplementary forecasts include: 

 Production: is expected to increase to 2020. Major new production facilities will open in the 

next few years, including the Oyu Tolgoi mining complex in Mongolia; 

 Consumption: is expected to increase over the next decade to satisfy continued economic 

growth and urbanisation in emerging economies. An estimate from Rio Tinto forecasts demand 

for refined copper to increase by 40% by 2020 to total 27 million tonnes.
59

 A forecast by Brook 

Hunt projects refined copper consumption to increase by 3.5% per annum 2008-2020; 

 Costs: are expected to face challenges from declining ore grades and labour issues, these will 

both put cost pressures on copper prices. 

 

Future price projections 

Based on these factors, the assumptions and trends forecast by other models and our original 

analysis of price trends between 1971 and 2011 we have developed a forecast model for copper 

prices that presents three scenarios. Our projection of constant copper prices uses the following 

parameters and assumptions of changes in them: 

 Brent crude oil prices in 2011 (€ per barrel);  

 World copper production (metric tonnes); 

 EU34 copper exports (metric tonnes); 
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  http://www.theaustralian.com.au/business/mining-energy/rio-tinto-forecasts-surge-in-world-demand-for-refined-

copper/story-e6frg9df-1226132964025.  

http://www.theaustralian.com.au/business/mining-energy/rio-tinto-forecasts-surge-in-world-demand-for-refined-copper/story-e6frg9df-1226132964025
http://www.theaustralian.com.au/business/mining-energy/rio-tinto-forecasts-surge-in-world-demand-for-refined-copper/story-e6frg9df-1226132964025
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 EU34 copper imports (metric tonnes); 

 Global and EU GDP.  

 

Annual data for all these measures is available for the period 1992-2010. Future projections of 

copper prices are based on oil prices and forecast changes in EU GDP, while the model is 

calibrated by the other parameters. Oil prices are highly relevant since the production of copper 

depends highly on energy costs, while the wide use of copper across many sectors links it closely 

to GDP. 

 

For the future price projection model all possible regression combinations were tried and the 

following equation turned out to have the best statistical properties in terms of t-statistics, R
2
 and 

DW:  

 

Log(Cu_const) = const + beta1*log(Brent_const) + beta2*log(EU_GDP) 

 

The projection model is most sensitive to the changes in EU GDP. 

 

The three price scenarios fitted to this model were defined as follows: 

 Base case: Brent prices to stay 80€/bbl 2012-2015, rising to 81€/bbl 2016-2020
60

, and EU GDP 

to grow at 1.0% per annum; 

 High case: Brent prices to grow to 84€/bbl by 2015, and to 97€/bbl by 2020. EU GDP assumed 

to grow at 1.5% per annum;  

 Low case: Brent prices to start at 75€/bbl in 2012, and to fall to 63€/bbl in 2012 by 2015, before 

growing to 68€/bbl by 2020. EU GDP assumed to grow at 0.5% per annum.  

 

The scenarios were all underpinned by an assumption that world copper production would increase 

by 2.9% annually over the 2011-2020 period. Substitution of the scenario values into the regression 

equation leads to a projection for the yearly constant copper prices, as in the figure below. 

 

The following graph shows the result in terms of constant (2011 €) copper prices. This shows that in 

a base case scenario we would expect copper prices to increase from a 2012 trend level of around 

5,700 €/tonne to around 6 060 €/tonne in 2020, a total increase of 6.8% over the period, less than 

1% each year. In the high scenario prices are forecast to increase to around 7,030 €/tonne in 2020, 

a total increase of 22% over the period, or 2.5% annually. In the low scenario prices are forecast to 

decrease to around 5,240 €/tonne in 2020, a total decrease of 3.7% over the period.  

 

Positive modelled relationships with GDP and oil prices mean that in every scenario copper prices 

are projected to increase, as these variables are also projected to increase. The overall trends are 

consistent with most recent observations and the simple long term trend. If EU GDP and/or oil 

prices are higher than the scenario assumptions then price effects will also be higher, both 

variables having very similar explanatory effects.  
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  All oil price projections are based on the latest EIA-US projection. High and Low are taken as the in-between values of the 

High and Low of EIA, to achieve a reasonable price spread.  
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Figure 3.16 Projections of future copper price scenarios (in constant 2011 €)  

 
Source: Ecorys calculations. 

 

The projections based on our lag model lead to a possible and plausible low price projection. This 

scenario show a 52% price decrease in 2020 compared to 2011 level, leading to EUR 3025/tonne 

of copper in 2020. This forecast is consistent with some of the future projections from the existing 

literature and corresponds to the lower level copper price projections. 

 

 

3.2.4 Competitiveness analysis and behavioural impacts 

This section describes the production, consumption and trade flows of refined copper, which sets 

the context for the competitiveness analysis and behavioural impacts. We analyse the potential 

impact of copper prices on EU competitiveness and briefly derive implications for European 

industry.  

 

Production of primary copper
61

 

Copper ore is an important factor in the price and production of primary (refined) copper. 

Approximately 16 million tonnes of copper ore are mined annually. In 2009 the EU share of global 

production was 5.2% with Poland the single largest EU producer at 2.8% of the global total. 

According to the BGS, copper is produced in around fifty countries, eight of which accounted for 

almost 77% of world production in 2009. Chile is the largest producer of mined copper ore, it 

accounts for 33% of world's copper production followed by Peru, USA, China, Australia, Indonesia, 

Zambia, Canada and Poland. Copper production has more than doubled in the last 20 years, 

increasing from 7.2 million tonnes in 1980 to 16.2 million tonnes in 2010. This illustrates that the EU 

is a relatively minor producer of the raw material resource, with major competitor countries also 

producers. Major suppliers such as Canada and Australia are very stable and oriented towards 

material export. Chile, Peru, Indonesia and Zambia can be judged less stable but generally reliable, 

although natural and labour disruptions can cause production problems that could impact the EU. 

 

In terms of refined copper production the EU produces approximately 2.5 million tonnes each year, 

representing 13-14% of total global production of 18 million tonnes a year. This share of global 

production has been in decline in recent years as production has increased rapidly in Asia, more 

than trebling since 1990. Notably around 35% of global copper production is sourced from recycled 
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  All information came from the European Mineral Statistics of the British Geological Survey (2006-2010). 
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copper, with recycling rates in the EU above the global average at 45-50%.
62

 Primary refined 

copper production represents around only half of EU production volumes. The position of the EU 

primary copper refining industry is dependent on imports as EU ore production is not sufficient to 

meet current refined copper production levels. 

 

Copper refining is, like other metal refining processes, highly energy intensive, with energy costs 

representing up to 30% of total refining costs. One estimate puts energy use at around 12 000 KWh 

per tonne of primary copper,
63

 or over 700 euro/tonne at 6/cents KWh. Therefore, as with 

aluminium, higher EU electricity prices also have a significant impact on EU production costs and 

the industry’s competitiveness. As prices are determined by global trading via the London Metals 

Exchange, the industry cannot pass on its (increased) energy costs to downstream users and so 

producers lose competitiveness unless they can compensate higher energy costs in other ways, 

e.g. increased efficiency of production.
64

 Labour costs account for 23-36% of total operating costs 

for refining of copper and even a higher proportion for further processing down the value chain 

(fabrication).
65

 

 

The global primary copper industry is quite highly concentrated in a few producer countries, with the 

top five producing countries, China, Chile, Japan, the US and the Russian Federation accounting 

for over 50% of all production. Germany, Poland, Belgium and Spain are the biggest EU producer 

countries, accounting for around 13% of global production.  

 

Trade flows 

The key global exporters of refined copper (HS code 740311: Cathodes & sections of cathodes, of 

ref. copper, unwrought) in terms of value over the last 5 years (2007-2011) have been Chile (42%), 

Japan (6%), Peru (5%), Australia (5%) and Poland 5%) (see Figure 3.17). In 2010, a total of $57.8 

billion of copper was exported globally (EUR 47.8 billion). EU27 exports totalled $2.5 billion (EUR 2 

billion and 0.33 million tonnes) in 2010, representing only around 4.3% of all exports, and 

illustrating that the great majority of EU production is used within the EU.  

 

The key importers in terms of value over the same period were China (34%), Germany (9%), the 

US (9%) and Italy (8%) (Figure 3.17). In 2010, a total of $54.4 billion of primary copper was 

imported globally. The EU27 imported $8.0 billion (1.1 million tonnes) in 2010, or 14.7% of all global 

imports.  

 

Table 3.5 shows the overall trends for 2002-2010 in terms of export/import volumes. 
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  ICSG (2010) Annual Recyclables Survey. 
63

  Kennecott Utah Copper Corporation, 2004. 
64

  Ecorys (2011) Study on the competitiveness of the European Companies and Resource Efficiency, DG ENTR. 
65

  Ecorys (2011) Competitiveness of the EU non-ferrous metals industries, DG ENTR. 
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Figure 3.17 Key exporters and importers of copper 2007-2011 

 
Source: UN Comtrade statistics. 

Note: individual EU member state figures include intra-EU trade which is excluded from EU27 import-export figures. 

 

Consumption 

Apparent consumption of aluminium is estimated as production + imports – exports (table 3). Based 

on our estimates, global consumption of primary aluminium increased by 2.6 million tonnes (+20%) 

between 2002 and 2010, reaching a peak in 2010 of 15.5 million tonnes. The economic crisis only 

led to a very brief decline in consumption in 2007-8 before increasing again. These estimates are 

consistent with data from the International Copper Study Group which show similar volumes and 

trends.
66

  

 

Asia is by far the biggest consumer of refined copper (primary and secondary) in the world, 

accounting for around 61.5% of total global refined copper consumption in 2011. Based on our 

estimates, EU consumption of primary refined copper decreased by 0.8 million tonnes (~33%) 

between 2002 and 2010, with an equivalent fall in the EUs relative share of global consumption. 

However, these figures exclude secondary refined copper consumption, i.e. recycled / scrap 

copper, which accounts for around 50% of EU total refined copper usage. Taking this into account 

the EU27 is responsible for around 16.6% (3.3 million tonnes) of global refined copper 

consumption.
67

 

 

Summary of EU position 

The following table summarises the key statistics for the EUs relative position in copper production, 

consumption and trade. 
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  When secondary sources of refined copper are excluded. http://www.icsg.org/images/stories/table1.pdf.  
67

  Ibid. 

http://www.icsg.org/images/stories/table1.pdf


 

 

 

42 Mapping resource prices: the past and the future 

 

Table 3.5 Copper production, consumption and trade flows 

Period 2002 2003 2004 2005 2006 2007 2008 2009 2010 Change 

2002-

10 

Global 

production 

(million tonnes) 

13.6 13.8 14.7 15 15.1 15.4 15.4 15.9 16.1 18.4% 

EU production 

(million tonnes) 
0.8 0.8 0.9 0.9 0.9 0.8 0.8 0.8 0.9 3.3% 

% EU share of 

world 

production 

6.1% 6.1% 5.9% 5.6% 5.8% 5.4% 5.2% 5.2% 5.3% -0.8% 

Global 

consumption 

(million tonnes) 

12.9 13.4 14.3 14.8 15.5 15.1 14.8 15.4 15.5 20.2% 

EU 

consumption 

(million tonnes) 

2.4 2.4 2.5 2.3 2.7 2.5 2.1 1.4 1.6 -33.3% 

% EU share of 

world 

consumption 

18.9% 17.8% 17.6% 15.2% 17.2% 16.3% 13.9% 9.2% 10.5% -8.4% 

World imports 

(million tonnes) 
6.0 5.8 6.2 6.4 7.2 6.6 6.4 7.5 7.4 25.1% 

EU imports 

(million tonnes) 
1.7 1.6 1.8 1.6 1.9 1.7 1.5 1.2 1.1 -34.7% 

% EU 

consumption 

imported 

69.0% 68.2% 70.3% 68.8% 69.9% 70.0% 72.7% 81.6% 67.5% -1.5% 

World exports 

(million tonnes) 
6.7 6.2 6.5 6.6 6.8 6.9 7.1 7.9 8.1 20.7% 

EU exports 

(million tonnes) 
0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.6 0.3 346.3% 

% EU 

production 

exported 

8.9% 10.4% 13.1% 16.8% 8.7% 11.6% 29.8% 68.3% 38.4% 29.5% 

EU self-

sufficiency ratio 
34.1% 35.4% 34.2% 37.5% 32.9% 33.9% 38.9% 58.1% 52.7% 18.7% 

Source: U.S. Geological Survey, UN Comtrade, Ecorys own calculations. 

 

From Table 3-5, the following conclusions can be made: 

 The EU has only a small and declining share of world primary refined copper production– 

although only a relatively minor share of around 6% this declined by 0.8 percentage points 

between 2002-2010; 

 EU total consumption and share of world consumption declined between 2002-2010 – 

with significant growth in consumption in Asia the relative importance of EU consumption would 

be in decline anyway, with total primary consumption also decreasing the impact is even more 

significant; 

 Declines in EU production and consumption of primary refined copper are partially offset 

by widespread use of secondary refined copper - with recycling rates among the worlds 
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highest (~45-50%) the EU is leading the way on resource efficiency. This should also be 

considered when reviewing consumption data; 

 The EU typically imports primary copper, but is also increasingly exporting its own 

production – imports of primary refined copper to EU remain much higher than exports and the 

majority of refined copper produced within the EU is used within the EU; 

 The EU self-sufficiency ratio increased by almost 19 percentage points, from 34.1% in 

2002 to 52.7% in 2010 – this marks a significant improvement in being able to meet EU primary 

copper demand from own production. The increase in recycling will act to improve the actual 

impact of this.  

 

The following figure shows the main trends in trade flows relevant to the EU. 

 

Figure 3.18 European primary refined copper trends 
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Source: UN Comtrade, Ecorys own calculations. 

 

Secondary markets, recycling and re-use 

Recovery of materials largely depends on waste management policy. Recovery of copper similar to 

aluminium is gradually reaching its full potential, with recovery rates more than 60%.
68

 Moreover, as 

mentioned above, EU has a recycling rate of copper at 45-50%, which is above the global average 

of around 35%. The key problem with such recyclable materials is that Europe exports metal scrap. 

For example, the EU has lost a significant amount of its own copper scrap resources, almost 1.2 

million tonnes in 2009, of which nearly 80% has ended up in China.
69

 This reduces the 

competitiveness of relevant EU sectors. 

 

Criticality assessment for the EU 

Based on the information provided in the above sections, some conclusions can be drawn on 

copper in terms of criticality of this material for the EU.  

 

Similar to other metals, EU is highly reliant on imports of copper to cover its domestic consumption 

(around 70% during 2002-2010). However, with regard to patterns on EU production and 

consumption, the EU self-sufficiency ratio has increased mainly due to decreased consumption of 

refined copper following the economic crisis and high recycling rates.  
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  EC, European Competitiveness Report (2011), Ch4 Access to non-energy raw materials and the competitiveness of EU 

industry. 
69

  Ibid. 
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There are several producers of mined copper ore, the largest of which is Chile, which does not 

provide a significant supply risk in terms of political stability. The primary refined copper is on the 

other hand relatively concentrated in a few key producers, amongst which China and Chile are the 

largest producers. In Europe, Germany, Poland, Belgium and Spain are the biggest EU producer 

countries, accounting for around 13% of global production.  

 

Regarding trade patterns, Chile is the largest exporter of refined copper and China the largest 

importer. EU imports and exports have remained relatively stable over 2002-2010.  

 

In overall, the risk assessment does not seem to be critical, which is also consistent with the BGS 

survey in 2011. This survey ranks copper as low to moderate risk material, with a score 4.5 out of 

10. Various factors are taken into account such as scarcity (for copper it is medium to low risk), the 

structure of the producer market and governance factors.  

 

The impact of price changes on the competitiveness of EU sectors 

Primary refined copper production 

The copper sector is highly competitive, with high prices and rapid industrialisation in emerging 

economies among the key factors influencing the sector. The impact of these changes is being felt 

as industrialising countries attempt to move up the copper value chain, i.e. if they produce ore, to 

also carry out smelting and concentration, or if they have concentrated/smelted ore to move their 

industry into refining primary copper. An example of this can be found in the production capacity for 

primary copper in India increasing from 47,500 tonnes in 1997 to 947,000 tonnes in 2007.
70

 While 

growth in demand creates market space for these new entrants each new player puts extra 

competitive pressure on existing producers.  

 

The EU primary refined copper industry faces very similar challenges to that which the aluminium 

sector faces, in terms of high energy use and associated carbon emissions and the additional costs 

that go with this. This makes it harder for EU firms to compete when similar cost constraints do not 

exist to the same extent, or at all, for producers in other countries. The response of industry has 

been a focus on energy efficiency, lobbying for more relaxed emissions caps and delays to permit 

auctioning, and to improve recycling rates and efficiency. These have had some success in that EU 

producers remain in the market, are judged among the most energy efficient and have the highest 

recycling rates. Competitiveness choices beyond this can depend on how other countries choose to 

address the energy and climate challenge and how policies introduced there can lead to a more 

level playing field.  

 

A further important factor in copper production is concerns over declining ore grades in older mines, 

particularly in the US and Chile. With the best deposits already mined in some locations the quality 

of copper ore is lower and more expense and disturbance is necessary to achieve similar outputs. 

As discussed this is likely to contribute to continued price growth as these additional costs are 

passed down the value chain. 

 

The impact on competitiveness of high prices and expected continued price growth is likely to spur 

further investment in the sector. This may enable continued improvements in efficiency and 

recycling as substitutes and supplements for primary copper production are sought. Since energy 

costs represent around 30% of total refining costs of copper, improvements in energy efficiency 

might be the trigger to improved competitiveness in the relevant sectors. Moreover, the leading 
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position of the EU in recycling markets may help provide it with a competitive advantage in these 

areas.  

 

Downstream industries 

The forecast changes in the price of primary refined copper will have impacts on a number of 

downstream sectors, leading to increased production costs and innovation into use of alternative 

materials, i.e. aluminium, plastics and fibre optics. The relative impact to EU industry of increased 

prices of refined copper will depend on the extent to which it is disproportionately affected by them. 

With the market at each step of the copper value chain being global, all major EU competitors such 

as Japan, the US, China and India have a position and therefore a similar vulnerability. With this 

being the case, the competitiveness impacts from price changes can be judged relatively low.  

 

Divergences in competitiveness impact in downstream industries is likely to occur based on access 

to secondary sources of refined copper at lower prices and product innovation. In the first aspect 

the EU is likely to have an advantage as it already has high recycling rates, therefore important 

industries that compete globally such as electronics and electrical equipment and transport may 

gain some advantage as prices increase. Having existing high rates reduces the potential for further 

growth, relative to what competitors are able to achieve, so in the medium to longer term it is likely, 

as other countries improve their recycling, that this advantage is eroded. 

 

Product innovation is an area where competitiveness impacts could be felt. It is already noted that 

the EU spends less on R&D as a proportion of GDP than the US and Japan. On a simple 

investment basis, successful innovation in alternative materials to copper may therefore be more 

likely to happen in the US and Japan. This could result in a reduced competitive position but it is not 

possible to say with any certainty as innovation can be non-linear and unpredictable.  

 

Construction is a sector that is the largest user of copper in Europe. As a more locally oriented 

sector increasing copper prices are unlikely to have significant competitiveness impacts. As with 

aluminium, it may be expected that there will be increasing substitution of copper for other 

materials, where this is possible, and also for building costs to increase. These cost increases may 

reduce the total amount of building that takes place and have knock-on impacts to other sectors. 

 

Completeness of price message 

Further, we assess the completeness and accuracy of price message by looking at negative 

externalities of copper production, scarcity and cost structures. In theory, global primary refined 

copper prices should reflect the interplay between supply and demand, and these factors should 

respond efficiently to price changes, and vice-versa. Market-led responses would contribute 

towards improving resource efficiency. With regard to the copper market, price signals may not 

respond efficiently for the following reasons: 

 

Market structure 

Vulnerability and power of main producer Chile – by being responsible for 30-40% of global 

production and exports Chile can have a major influence on world prices. This can make policy 

decisions by the Chilean government, natural disasters, labour issues and other factors have a 

significant impact on global prices, it is not clear if these risks are fully ‘priced-in’ but recent 

disruptions in Chile and associated price spikes suggest not.  

 

In addition, speculation on the commodities and futures markets for copper – is understood to 

be a significant issue as copper is seen as a barometer of economic growth and an investment 

commodity. By attracting such funds the price of copper is pushed higher and lower than it would 

be otherwise, the price is therefore exaggerated and do not directly reflect real demand. A market 
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scandal involving a trader at Sumitomo in 1995-6 was able to significantly impact market prices, 

illustrating the significance of the involvement of speculators. 

 

Externalities 

Negative externalities related to the production of copper are not always priced in. This is 

particularly the case with energy, as it is an energy intensive production process. With many 

producer countries subsidising energy costs and not charging or restricting CO2 emissions the 

environmental externalities are not included in the market price. Note that producers in the EU 

subject to the EU ETS have this partially integrated into their costs and therefore prices. Water and 

land use are externalities that are also becoming increasingly important as production expands, 

particularly in areas with high water scarcity. 32% of copper mines are in areas of moderate to high 

water scarcity. 

 

Export restrictions 

Copper prices can also be influenced by export taxes and quotas in producer countries. For 

example, China, Russia and Ukraine have applied such export restrictions. 

 

 

3.3 Aluminium 

3.3.1 Key facts 

Key facts Aluminium 

Description  Aluminium is a non-ferrous metal (NFM) primarily derived from Bauxite ore. It is the 3
rd
 

most common element in the Earths crust and the most common metal. Aluminium has 

the highest volume of spot and futures trade on the London Metal Exchange (LME), 

followed closely by copper. 

Price definition LME settlement price from 2005, unalloyed primary ingots, high grade, minimum 99.7% 

purity. Prior to 2005 cash price used. 

Globally traded Globally traded, primary market is the LME, but it is also traded on the New York 

Commodities Exchange (COMEX). 

Production & trade 

flows 

The primary mining areas for the ore (bauxite) are Australia, Brazil, China, India, 

Guinea, Indonesia, Jamaica, Russia and Surinam. Deposits are also found in Greece 

and Turkey. EU countries account for only 1.4% of world bauxite (aluminium ore) 

production.
71

 Key producers of refined aluminium are China, Russia, Canada, USA and 

Australia. EU production in 2009 is 11.7% of global total – biggest producers are 

Norway and Iceland. 

 Key importers: United States, China, Japan, Germany. 

Global volumes Average 41.4 million tonnes annual refined primary aluminium production. 

Approximately 18 million tonnes / year production of aluminium from secondary (scrap) 

materials. 

2010 global value € 68 bn. 

2010 EU value € 7.5 bn. 

EU Self-sufficiency 

ratio 2010 

50.4% 

Key users (sectors) Automotive, aerospace, manufacturing.  

Environmental 

impact 

Stems primarily from disruption and energy use in extraction, transport and refining.  
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Key facts Aluminium 

Data source used World Bank (pinksheet). 

Data coverage 1960-2011 monthly prices. 

Additional data 

sources 

International Monetary Fund. Monthly prices (1980-2011). 

Unit Original data source: USD/ metric tonne; 

Conversion to Euro using yearly exchange rates by Eurostat. 

Deflator MUV Index, 2011=100 (constant prices at year 2011 level). 

Anything other 

relevant  

Global supply risk for aluminium rated at 3.5 (very low) according to BGS.
72

  

Selection criteria Aluminium is a versatile and useful metal which forms a critical input for many 

manufacturing processes. The EU has high import dependence for both ores and 

refined aluminium and high value industries that depend on supply. While assessed as 

low risk of supply disruption, changes in aluminium prices could have significant impacts 

on the EU economy. 

Outlook Our forecast model shows that 2011 prices are currently below trend. From 2011 levels 

prices are expected to increase in the range of 1.2%-1.8% in a base, high or low 

scenario by 2020. Trend prices are expected to fall by 13-15% between 2012 and 2020 

to around 1 750 €/tonne. 

Trend value Long term trend is of decrease in real prices of 1% per annum during 1971-2011.  

 

 

3.3.2 Past trends in resource prices and volatility 

Evolution of real prices 

Figure 3.19 plots the monthly prices in constant 2011 Euros per metric tonne of resource. 

 

Figure 3.19 Monthly prices of aluminium in 2011 constant EUR per metric tonne, 1971-2011  

 
Source: data from World Bank pink sheet, calculations Ecorys. 

 

Real aluminium prices have charted a general downward trend since the start of the time series in 

1971. In the early 1970s economic turmoil, including a revaluation of the USD, US price controls 

and high inflation in Australia (a main ore producer) led to a slump in prices. Supply and demand 
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varied as they chased each other through the 1970s and 1980s, with a shortage in supply after 

previous overcapacity was closed, leading to price peaks in 1988-89. Prices reached a low point in 

1991-93, as much of the former Soviet Union sold their aluminium inventories to generate hard 

currencies following the fall of communism.
73

 As this supply cleared, the market prices have tended 

to stay around the same level. A sharp decline in prices occurred in 2009, coinciding with the 

economic crisis as demand from the automotive and other productive sectors stalled. Based on 

visual observation, there is no trend break in the time series. 

 

Relation to inflation – the correlation coefficient between current prices of Aluminium and inflation 

(MUV index) is rather high at 0.67. Moreover, regressing inflation (+ constant) on current prices of 

Aluminium returns an R
2
 of 0.68.

74
 From both these results it can be concluded that changes in 

current Aluminium prices follow changes in inflation quite closely.  

 

Key drivers of prices 

The price trends since 1971 and the associated literature identify the following major drivers of price 

changes: 

 Supply and demand – production capacity: The aluminium price often follows global 

industrial production and appears strongly driven by simple demand and supply of the metal 

itself, which is somewhat logical given the wide spread of ores in stable producer countries. The 

main changes over time were based on oversupply or an increase in demand that supply was 

unable to keep immediate pace with. The fact that rapid price increases are rarely maintained 

for more than a few years suggests that aluminium production is quite responsive to the price, 

and that new raw material resources and refining production capacity can be brought to the 

market in a relatively short period of time. This has been an important factor in maintaining the 

overall downward trend in prices over time although aluminium prices were impacted by the 

one-off event related to the dissolution of the Soviet Union and the subsequent ‘dumping’ of 

Russian aluminium onto the market; 

 Speculation on commodities markets – futures trading and warehousing: A further driver 

for market prices has been the emergence of futures trading in Aluminium since the 1990’s. 

This has led to speculative actions by investors and hedge funds also driving price movements, 

typically upwards, but most closely tied to expectations of future demand. This leads to short-

term fluctuations in the aluminium market. An issue associated with this is ‘warehousing’ of 

aluminium, where investors purchase aluminium from the exchange, but then store (queue) it in 

one of their warehouses and charge customers rental fees as delivery is delayed, actions of this 

kind by investment banks and warehouses in Detroit, and now also Vlissingen in the 

Netherlands, are causing complaints from firms that use aluminium.
75

  

 

Analysis of volatility 

Separating the 1971-2011 price changes into ten year periods as presented in the table below 

highlights the main trends by decade. The period 1991-2000 coinciding clearly with low (1991) and 

high points (2000) in price development, to explain the increase of 71.2%. As mentioned previously, 

the events in the former Soviet Union were a major factor in low prices in the early 1990s. As this 

temporary over-supply cleared the market, prices duly rose as market demand improved and 

supply took time to adjust, with some production in the former Soviet Union permanently closed and 

production elsewhere scaled back at the same time. As the supply situation settled down again 

following this shock, prices in the subsequent period, 2001-2011 declined, though the financial 

crisis interrupted a trend that had seen the 2001 price peak surpassed in 2006. When we also look 
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at the change in prices for two sub-periods 1971-1989 and 1990-2011 the events in the former 

Soviet Union are important drivers.  

 

Another good measure for volatility is the coefficient of variation (CV), which is defined as the 

standard deviation over the mean. This was a relatively moderate 23.3% over the whole period. 

The CV value increased slightly from 19.1% over the period 1971-1989 to 21.7% over the period 

1990-2011. This shows that the volatility in prices has been higher in the more recent period. The 

most volatile period by this measure was 1981-1990, this is consistent with the price and market 

developments in this period.  

 

Table 3.6 Periodic changes in aluminium prices, EUR / tonne, 2011 constant prices 

Years % Total change in 

prices 

Average annual % 

change (compounded) 

Coefficient of Variation 

(CV) 

1971-1980 -18.5% -2.3% 0.136 

1981-1990 -8.5% -1.0% 0.238 

1991-2000 71.2% 6.2% 0.210 

2001-2011 -21.3% -2.4% 0.179 

Total 1971-2011 -32.1% -1.0% 0.232 

1971-1989 -11.7% -0.7% 0.191 

1990-2011 7.7% 0.4% 0.217 

 

This analysis of volatility shows that volatility for aluminium prices is rather low compared to other 

non-ferrous metals markets, e.g. copper, as well as other resources. According to the literature as 

well as our own calculations (table 3.7), the aluminium market can be roughly divided into four 

periods in terms of volatility: 

 1970-1978 – prices were list-based (agreed by producers) as no exchange existed;  

 1979-1985 – intermediate period where exchange trade for aluminium was introduced and list-

based prices existed alongside exchange-based prices;  

 1986-1990 – first years pricing only based on exchange trade; 

 1991 – present – exchange based pricing.
76

 

 

Table 3.7 Volatility estimates in the aluminium market 

Period 1970-1978 1979-1985 1986-1990 1991-2000 2001-2011 

Volatility from literature: 

Figuerola-Ferreti & 

Gilbert, (2000) 

18% 17% 30% 17% n/a 

Volatility calculated from 

prices (Ecorys) 
14.2% 20.8% 24.2% 21.0% 18.3% 

 

According to the research, volatility was much higher in 1986-1990 compared to other periods. This 

might be explained by the move of the aluminium market from list-based pricing to exchange based 

pricing.
77

 After 1990, the volatility stabilised back to its pre-1986 volatility value. Based on our own 

calculations using 2011 constant prices in Euro, the trend in volatility for these periods follows the 

literature, with the highest volatility in 1986-1990 and a declining trend in the most recent period. 
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Further causes of volatility include: 

 those related to financial market considerations - these include information effects, 

speculation and hedging activity, which usually gives rise to short-run volatility effects. The 1987 

equity market melt-down might explain the increased volatility of aluminium prices in this 

period
78

, as would the rapid impact of Soviet stockpiles being released to the market; 

 those related to market fundamentals – these refer to the underlying availability, supply and 

demand of aluminium. These are usually a source of long-term volatility in metals markets, 

primarily due to the lags.
79

  

 

Regarding future estimations of volatility, the perception is that non-ferrous metal prices have 

become more volatile over time. However, a study by Watkins and McAleer (2008) does not 

support this proposition. They suggest that while volatility in returns has not necessarily increased, 

volatility in metals markets has itself become more volatile when analysed over a long horizon. 

Hence this becomes harder to model as the trends in volatility are less consistent. 

 

 

3.3.3 Future trends in Aluminium prices 

This section presents our projections for future prices. These begin with an analysis of the statistical 

suitability of past price trends for modelling future trends. Subsequently, we look at forecasts from 

the literature which take account of expected changes in supply and demand. These two elements 

are then combined to produce three price scenarios to 2020.  

 

Model fit of past prices for estimating future prices 

Stationarity tests for the monthly price series for aluminium confirm stationarity for the entire 1971-

2011 period (97% confidence), according to the Dickey-Fuller t-statistic of the unit root test with 

intercept and without trend. This implies that there is no trend break and the whole period can be 

used safely for future projections. Therefore the period 1971-2011 is a good measure to build a 

simple price projection model. The model with log converted variables and where the current value 

depends on two lags has the best fit in terms of R
2
, Durbin-Watson and t-statistics.  

 

log(Al) = constant + coeff1 * log(Al(-1)) + coeff2 * log(Al(-2)) 

 

The following figure presents the result and the estimated equation and the statistics. All 

coefficients are significant with 99% confidence. This model could be used as a projection for the 

price development until 2020.  
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Figure 3.20 Model fit of monthly prices of aluminium in 2011 constant EUR per metric tonne, 1970-2011  
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Source: Ecorys calculations. 

 

Existing forecasts  

As a major traded commodity, there are a range of forecasts available for aluminium prices 

changes over time. A short summary of these is provided below. 

 

Forecast 1: World Bank (2012) Commodity Price Forecast Update 

Aluminium forecast USD/tonne 

2012 2013 2014 2015 2016 2017 2018 2019 2020 2025 Change 

2012-25 

2 300 2 400 2 500 2 600 2 650 2 700 2 725 2 750 2 775 2 900 600 

% change 4.3% 4.2% 4.0% 1.9% 1.9% 0.9% 0.9% 0.9% 4.5% 26.1% 

Source: 17.1.2012, % changes Ecorys own calculations. 

Note: the latest real 2011 price in USD/tonne = $2 022 (Dec 2011). 

 

Forecast 2: Zheng Luo, Antonio Soria (2008) Prospective Study of the World Aluminium Industry 
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Forecast 3: CRU Strategies, 2008 

 

 

In each case there is an expectation that the most recent price reductions will be reversed as the 

global economy recovers. 

 

Forecasts: other 

These, and other forecast scenarios, are underpinned by a variety of assumptions of demand, 

production, consumption, GDP and population growth, technological change and energy prices. 

Among the key assumptions, trends and forecasts are the following: 

 Economic and population growth: economic growth in industrialised regions is expected to 

converge to under 2%/year in the very long run. Growth in Asian emerging economies will fall 

significantly after 2010, while it will be almost constant in Africa and the Middle East. As a result, 

global economic growth is expected to progressively slow down from 3.5%/year during the 1990 

- 2010 period to 2.9%/year between 2010 and 2030. Economic growth in Europe is expected to 

stabilise at 2.1% during this period. World population is expected to grow to 8 billion by 2030, 

with a growth rate of 1.3% between 1990 and 2010 and of less than 1% after 2010; 

 Demand: World aluminium demand will reach 62 million tonnes by 2015,
80

 which is an increase 

of around 22 million tonnes on 2008 demand. Aluminium demand is projected to amount to 94 

million tons in 2050
81

, this is more than double current global production of 41 million tonnes. 

Alternative estimates from the OECD project that by 2025 aluminium consumption is likely to be 

120 million tonnes, representing a growth rate of 4.1% per year
82

. Per capita demand is 

expected to increase rapidly in developing countries, especially China and India, these will 

become increasingly significant consumers. Overall the consumption of aluminium is estimated 

to increase at an annual rate of 3.2% between 2005 and 2030.The transportation sector is and 

will remain the most important market for aluminium and the use of aluminium is expected to 

follow the growth rate of the sector at 4% during the period; 

 Production: Future aluminium production capacity based upon announced production plans is 

expected to reach 61 Mt in 2015 from 45.3 Mt in 2006.
83

 This represents an increase of almost 

3.4% per year on average. The largest increases are expected to occur in China, Brazil, the 

UAE, Canada, India, South Africa, Saudi Arabia and Qatar in order of size of the capacity 

increase.
84

 It implies over $100 billion in total investments over the next seven years. To meet 

demand, the world would need six new smelters each year with 500 000 t/y capacity. The global 

market for aluminium is expected to remain in surplus for the foreseeable future. New plants in 

China, India, the Middle East and Russia are expected to exploit low-cost power sources and 
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minimize the upward pressure on aluminium prices from higher oil prices. A key uncertainty for 

supply concerns Chinese authorities’ efforts to restrain power consumption in the sector, which 

may slow the pace of new aluminium plants or result in the closure of older plants;
85

 

 Raw material production: A 48% increase in bauxite mining capacity between 2006-2015, 

primarily in Australia, China, Brazil, India, Saudi Arabia, Russia, and Guinea.
86

 There are 

significant environmental implications involved in meeting consumption levels of 120 million 

tonnes (Mt) of aluminium/year, this will require about 570 Mt of bauxite and about 230 Mt of 

alumina, and will generate considerable additional mining waste;
87

 

 Costs: are expected to rise due to tighter emissions regulations in many producer countries and 

rising energy costs.
88

  

 

Summary 

The existing literature on forecasting future resource prices deploys a variety of techniques. An 

analysis by Bloomsbury Mineral Economics
89

 defines two different processes that are used: 

 “Most companies which need to work with long‐term prices assume a simple, smooth reversion 

from today’s very high investment/speculation boosted prices to much lower production cost 

related prices; 

 Mathematical modellers on the contrary would analyse the anticipated legacy of excess stocks 

and structural overcapacity that will result from any continuation of excess 

(investment/speculation driven) prices.“ 

 

These involve significant assumptions on timings and changes in prices levels, i.e. when a market 

would revert to lower production costs and the assumed long-term equilibrium. 

 

It can be said that prices are a nonlinear function of the balance between the supply and demand 

for a commodity. For aluminium, additional mine and plant capacities at the various steps in the 

aluminium production process are capital intensive and benefit from economies of scale, mine and 

plant capacities are typically added, or enlarged, in large increments that require time to build. This 

can contribute to more inelastic supply, i.e. that it does not respond immediately to price increases 

as there is a lag while new capacity is added. The past price trends illustrate that this problem 

appears to be rather short term and that after a few years of higher Aluminium prices they then 

stabilise as new capacity is added. 

 

It is difficult to evaluate substitution effects of price changes as this substitution requires 

comparison of price and performance measures for competing materials such as composite 

materials. An evaluation of such materials is beyond the scope of this study. 

 

Future price projections 

Based on these factors, the assumptions and trends forecast by other models and our original 

analysis of price trends between 1971 and 2011 we have developed a forecast model for aluminium 

prices that presents three scenarios. Our projection of constant Aluminium prices is done using the 

following parameters and assumptions of changes in them: 

 Brent crude oil prices in 2011 € per barrel;  

 World Aluminium production (metric tonnes); 

 EU27 Aluminium exports (metric tonnes); 
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 EU34 Aluminium imports (metric tonnes); 

 Global and EU GDP (million EUR). 

 

Annual data for all these measures is available for the period 1992-2010. Future projections of 

aluminium prices are largely based on oil prices, while the model is calibrated by the other 

parameters. Oil prices are highly relevant since the production of primary aluminium depends highly 

on energy costs. 

 

The following forecast model chosen showed the best statistical properties in terms of t-statistics, 

R
2
 and DW: Log(Al_const) = const + beta1*log(Brent_const) + beta2*log(EU_GDP). 

 

Three price scenarios are formed as follows: 

 Base case: Brent prices to stay 80-81 €/bbl
90

, world Aluminium production to grow at 3.9% 

annually and EU GDP to grow at 1% annually. The projection model is most sensitive to the 

changes in the oil price. Substitution of these values into the regression equation leads to a 

projection for the yearly constant aluminium prices; 

 High case: Brent prices to grow to 97 €/bbl by 2020, world Aluminium production to grow at the 

same rate as in the Base case and EU GDP by 1.5% annually. Substitution of these values into 

the regression equation leads to a projection for the yearly constant aluminium prices; 

 Low case: Brent prices to reduce to 68 €/bbl by 2020, world Aluminium production to grow at 

the same rate as in the Base case and EU GDP by 0.5% annually. Substitution of these values 

into the regression equation leads to a projection for the yearly constant aluminium prices. 

 

The following graph shows the result in terms of constant (2011 €) Aluminium prices. This shows 

that in a base case scenario we would expect aluminium prices to increase from a 2011 level of 

around 1 725 €/tonne to around 1 751 €/tonne in 2020, a total increase of 1% over the period. In 

the high scenario prices are forecast to increase to around 1 749 €/tonne in 2020, a total increase 

of 1% over the period. In the low scenario prices are forecast to decrease to around 1759 €/tonne in 

2020, a total increase of 2% over the period. The counter-intuitive result of highest aluminium prices 

in the low-end scenario rather than vice-versa appears only in the last projected year 2020, and 

these values are very close to each other. In all scenarios a price peak is modelled for 2012, this is 

simply a jump towards modelled trend price levels, as 2011 actual prices are currently below the 

expected 2011 modelled price levels of around 2 100 €/tonne. Basing price changes on 2012 

expected prices then prices fall by between 13-15% by 2020 in the 3 scenarios. 

 

Since the past data could also be used for projections as shown above (data are fully stationary), 

we also portray a fourth scenario of aluminium prices based on the 2-monthly lags model (model fit 

projection). This projection shows a sharp decrease of aluminium prices in 2012, after which they 

increase by 1.8% by 2020 compared to 2011, to reach 1 787 €/tonne in 2020 (the percentage price 

increase is around 15% compared to 2012 level).  

 

In summary, all projections lead to a similar level of aluminium prices in 2020 which corresponds to 

a similar level as in 2011. 
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Figure 3.21 Projection for Aluminium prices (in constant 2011 €), 2011-2020  

 
Source: Ecorys calculations. 

 

 

3.3.4 Competitiveness analysis  

This section describes the production, consumption and trade flows of primary aluminium, which 

sets the context for the competitiveness analysis and behavioural impacts. Further, we assess the 

completeness and accuracy of aluminium price message by looking at negative externalities of 

aluminium production, scarcity as well as aluminium cost structures. Lastly, we analyse the 

potential impact of aluminium prices on EU competitiveness and derive implications thereof for 

European sectors and industries.  

 

Production of primary aluminium
91

 

Bauxite (aluminium ore) is the only source of aluminium metal that is currently mined. It is a raw 

material for the production of alumina (aluminium oxide) which is further processed to produce 

primary aluminium, or aluminium metal. In this report we focus on primary aluminium as the key 

resource for industry and the one that determines the price of aluminium traded on exchanges. 

However, the role of bauxite and alumina should not be totally disregarded as they obviously have 

an important impact on aluminium prices and the EU is notable in having only very minor reserves 

and production of each.  

 

The key producer of bauxite is Australia, with 31% of total world output in 2010. EU production of 

bauxite is very limited, approximately 1.5% of the 2010 global total, of which 60% is produced by 

Greece. These production levels are much lower than EU consumption and illustrate that the EU is 

greatly dependent on imports of bauxite. 

 

Regarding alumina, China is world’s largest producer with 34% of total world production in 2010. 

Europe, including Turkey, represented approximately 7.3% of global production in 2010, with 

Ireland (30%) and Spain (21%) as the largest European producers in 2010. 

 

There are various estimates of the cost structure of primary aluminium smelting. The table below 

gives a summary of these, where it becomes clear that energy is a major cost component of 

production, as are raw material costs of alumina, this makes these costs highly significant factors in 

prices and competitiveness. 
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Table 3.8 Cost structure of primary aluminium smelting 

Cost element  Burns (2009) EEA (2010) and CRU 

Alumina and anodes (raw material 

input) 
45% 37% 

Electricity 24% 35% 

Other costs (e.g. carbon, gas, 

maintenance, overheads) 
23% 18% 

Management & Labour 8% 10% 

Total 100% 100% 

 

Further, bottom-up estimates of energy costs, find in the example of production of a typical tonne of 

primary aluminium requiring 14 000 – 16 0000 KWh of electricity and a cost of electricity of 6 euro 

cents / KWh, the total energy cost can be estimated at around 900 euro/tonne. This is around half 

the average market price of aluminium. The electricity element of the production can vary 

considerably by country from an average of about 25% globally, with high and low extremes in 

China (40%) and Russia (10-15%) respectively.
92

 

 

Therefore, higher EU electricity prices have a significant impact on EU producer’s primary 

aluminium production costs and the industry’s competitiveness. As prices are determined by global 

trading via the London Metals Exchange, the industry cannot pass on its (increased) energy costs 

to downstream users and so producers lose competitiveness unless they can compensate higher 

energy costs in other ways, e.g. increased efficiency of production.
93

  

 

Global primary aluminium industry is highly concentrated in a few producer countries. The key 

producer of aluminium metal is China, representing 39% of global aluminium production in 2010. 

Europe represented roughly 12% of world production in 2010 with Norway (29.5% of the European 

total), Iceland (17.2%), Germany (8.5%), France (7.5%) and the Netherlands (6.3%) the main 

European producers. Table 3.9 shows the trends in global and EU production during the period 

2002-2010. 

 

Trade flows
94

 

The key global exporters of primary aluminium (HS code 7601: unwrought aluminium) in terms of 

value over the last 5 years (2007-2011) have been the Russian Federation (15%), Canada (14.5%), 

Australia (9.2%) and Norway (8%) (see Figure 3.22). In 2011, a total of around $35 billion primary 

aluminium was exported globally, this is lower than the $43 billion recorded in 2010. EU27 exports 

totalled $540 million in 2011, representing only around 1.5% of all exports, and illustrating that the 

great majority of EU production is used within the EU.  

 

The key importers in terms of value over the same period were the U.S. (15.6%), Japan (13.7%) 

and Germany (11.5%) (Figure 3.22). In 2011, a total of $46.5 billion of primary aluminium was 

imported globally, compared to $48 billion in 2010. The EU27 imported $13.2 billion in 2011, or 

28.4% of all global imports. This identifies the EU as a highly important market for aluminium 

exporters.  
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Figure 3.22 Key exporters and importers of primary aluminium 2007-2011 
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Consumption 

Apparent consumption of aluminium is estimated as production + imports – exports (table 3.9). 

Based on our estimates, global consumption of primary aluminium increased by 43.4% between 

2002-2010, reaching a peak in 2007 of 40.3 million tonnes. The economic crisis led to a decline in 

consumption in more recent years, but consumption is now increasing again. These estimates are 

highly consistent with other literature in this area which show similar volumes and trends.
95

  

 

China, the EU and the US accounted for 63% of world primary aluminium usage in 2009, with 

China’s usage more than trebling in the last decade, from 3.5 million tonnes in 2000, to 12.4 million 

tonnes in 2009. It now accounts for 36% of global consumption, overtaking the EU.
96

 Based on our 

estimates, EU consumption increased by 23.7% between 2002 and 2010, reaching a peak of 10.4 

million tonnes in 2007. However, the EU share of world consumption decreased by 4 percentage 

points between 2002-2010, signalling a decline in the relative importance of EU consumption, 

nevertheless it remains significant.  

 

Summary of EU position 

The following table summarises the key statistics for the EUs relative position in aluminium 

production, consumption and trade. 

 

Table 3.9 Aluminium production, consumption and trade flows 

Period 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Change 

2002-

10 

Global 

production 

(million tonnes) 

26.1 28 29.9 31.9 33.9 38 39.6 36.9 40.8 56.3% 

EU production 

(million tonnes) 
4.2 4.4 4.7 4.8 4.9 5.1 5.3 4.3 4.7 12.6% 

% EU share of 

world 

production 

16.1% 15.7% 15.7% 14.9% 14.5% 13.4% 13.5% 11.7% 11.6% -4.51% 
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Period 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Change 

2002-

10 

Global 

consumption 

(million tonnes) 

26.7 28.6 31.2 32.6 36.0 40.3 39.3 37.4 38.3 43.4% 

EU 

consumption 

(million tonnes) 

7.6 8.2 9.0 8.7 9.6 10.4 10.0 7.5 9.4 23.7% 

% EU share of 

world 

consumption 

28.5% 28.7% 28.9% 26.6% 26.6% 25.7% 25.4% 20.1% 24.6% -3.9% 

World imports 

(million tonnes) 
16.4 17.7 19.3 19.4 21.5 20.5 19.0 18.0 20.3 23.7% 

EU imports 

(million tonnes) 
3.6 4.0 4.5 4.1 4.9 5.4 4.8 3.5 4.9 37.3% 

% EU 

consumption 

imported 

46.7% 48.1% 50.2% 47.6% 50.7% 52.3% 48.2% 46.0% 51.8% 5.2% 

World exports 

(million tonnes) 
15.8 17.1 18.0 18.7 19.4 18.2 19.3 17.6 22.8 44.3% 

EU exports 

(million tonnes) 
0.15 0.13 0.20 0.22 0.18 0.16 0.18 0.24 0.20 38.2% 

% EU 

production 

exported 

3.5% 3.0% 4.3% 4.7% 3.7% 3.2% 3.3% 5.7% 4.3% 0.8% 

EU self-

sufficiency ratio 
55.3% 53.6% 52.1% 54.9% 51.2% 49.2% 53.6% 57.2% 50.4% -4.93% 

Source: U.S. Geological Survey, UN Comtrade, Ecorys own calculations. 

 

The following conclusions can be drawn from this: 

 The EU accounts for a relatively low and declining share of global aluminium production 

– Although total EU production has increased over the period it has not increased at the same 

rate as global production, therefore the EU share of world production has decreased by 4.5 

percentage points, from 16.1% to 11.6% between 2002-2010. Very little EU production is 

exported as primary aluminium; 

 The EU consumes almost twice as much primary aluminium as it produces, and the gap 

is widening – EU consumption has increased by 23% since 2002, this is double the growth in 

EU production of 12.6% over the same period; 

 This gap is increasingly met by imports – imports increased by 37.3% from 3.6 to 4.9 million 

tonnes between 2002-2010. The proportion of EU consumption met by imports also increased 

by 5.2 percentage points, from 46.7% to 51.8% over the period, meaning that European 

industries are increasingly reliant on aluminium imports. 

 

The overall impact on EU self-sufficiency, i.e. the extent to which EU production meets its 

consumption needs, can be measured by the ratio of EU production to consumption. This ratio 

decreased by almost 5 percentage points over the period, from 55.3% in 2002 to 50.4% in 2010, 

clearly illustrating that the EU is becoming more and more dependent on imports of primary 

aluminium. This has a number of policy and price implications, but there are further important 

factors to take into account including the role of secondary production (e.g. recycling and re-use). 
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Secondary markets, recycling and re-use 

Increased competition over raw materials and high energy costs are driving increased use of 

secondary materials (scrap) in the aluminium sector in Europe. Recycling of aluminium scrap is 

significantly less energy-intensive than primary aluminium smelting, using only 5% of the energy. 

Though secondary materials are important, they are not available in high quantities or of sufficiently 

high quality, therefore primary materials are likely to remain the main source for consumption. 

 

At global level recycled production of aluminium accounts for around 30% of all aluminium
97

. 

Recycled aluminium plays an important role in the aluminium supply chain, a 2004 supply chain 

analysis as presented in the figure below, estimated that recycled aluminium accounted for more 

than 70% of annual aluminium use in the EU25. A similar analysis at global level found proportions 

closer to 50%, indicating that recycling is a proportionally more important source of aluminium 

within the EU25 than it is globally.  

 

 
Source: European Aluminium Association & Organisation of European Aluminium Refiners and Remelters (2005) Aluminium 

recycling in Europe. 

 

Recycling therefore plays an important role in the EU, with over 270 recycling plants and sufficient 

technology and sources of scrap to be economically competitive. Levels of recycling of over 70% 

are found for aluminium in transport, building and drinks cans. It is notable that metal scrap does 

not necessarily have to be recycled in the EU, indeed it was estimated that in 2006 over 350 000 

tonnes were exported to China and India for recycling. However, this according to the European 

competitiveness report is one of the biggest problems this sector is facing since recycling of scrap 
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is crucial to maintain the competitiveness of the EU non-ferrous metals industry. In 2000, the EU 

was a small net importer, while in 2009, more than 1.1 million tonnes of aluminium scrap were 

exported.
98

 

 

An analysis by the industry forecasts that aluminium recycling will continue to increase in total, but 

alongside additional demand and supply of primary aluminium, the proportions of recycled 

aluminium in the total will remain at around 30%. With aluminium recycling rates already high in 

many of the most aluminium intensive products, and the reliance on a scrap stream from end-of-life 

products, there are significant limitations to further expansion of aluminium recycling. 

 

Criticality assessment for the EU 

It is possible to draw some broad conclusions on the criticality of the resource for the EU by looking 

at the production, trade and consumption patterns discussed above and the supply risks that exist. 

 

The patterns identified above show that the EU has a notable reliance on imports and recycling to 

meet its consumption needs. Recycling will remain an important stable resource stream, with 

aluminium already ‘stored’ in existing products for later re-use. It will be difficult to push faster 

growth of this secondary resource stream though due to limiting factors, so future aluminium 

consumption growth is more likely to be import led.  

 

The export analysis shows that there is a diverse range of producers that export, with the top 5 

exporters accounting for only just over half of production. Of the top 5 producers Australia, Canada 

and Norway could all be considered highly stable and reliable trading partners, and China and the 

Russian Federation the same, but to a slightly lesser extent as more strategic political issues can 

come into play from time to time. This points to a situation for aluminium supply which is very low 

risk for the EU, with a diverse number of stable and reliable supply partners.  

 

This is also consistent with the supply risk assessment carried out by the British Geological Survey, 

which rates Aluminium 2
nd

 lowest risk of all minerals and metals, at 3.5 out of 10
99

. The BGS 

assessment takes into account various factors including scarcity (abundance), the concentration of 

producer countries, distribution of reserves and governance factors (i.e. political stability, export 

quotas). 

 

The impact of price changes on the competitiveness of EU sectors 

Based on this assessment of criticality it would be expected that the competitiveness impacts will 

be very limited for the EU downstream industries, as global markets and diverse supply will mean 

all countries face very similar impacts. Nevertheless it remains interesting to look at some of the 

potential impacts on the competitiveness of the EU aluminium sector itself and the potential relative 

impacts on downstream industries from the projected price changes. 

 

Aluminium production 

Overall, prices for aluminium are determined globally on the LME, while costs, apart from raw 

materials costs, are local. Hence, the key factors influencing Europe’s global competitiveness are 

energy costs (primarily electricity) and costs of regulation, particularly the EU-ETS system 

regulating CO2 emissions. 
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As discussed above, the share of energy costs (mainly electricity) is a significant element in the 

cost structure of primary aluminium production (around 35%). If energy prices increase inside the 

EU relative to non-EU energy prices then domestic production of aluminium becomes more 

expensive compared to world production, and EU industry less cost-competitive where prices are 

set via the LME, hence increased energy costs cannot be passed to downstream users.
100

 

Conversely, if global energy prices are rising then EU industry should proportionally benefit as they 

are among the world leaders in energy efficient production and so will have relatively lower cost 

increases than other, less efficient producers. 

 

Secondly, high energy consumption leads to high CO2 emissions. A ton of primary aluminium 

produced results in 8.6 tons of CO2 emitted to air. Since the EU-ETS is in place, this increases 

environmental costs of EU producers and places them at a disadvantaged position vis-à-vis 

international competitors who do not have to absorb the costs of emission trading. These costs are 

also not reflected in global prices for aluminium and relate solely to the cost structure of European 

producers. This creates a potential for carbon leakage. Moreover, EU aluminium producers have 

higher recycling costs.
101

  

 

The response of the EU aluminium industry to higher energy and carbon prices is likely to continue 

to be based around increased resource and energy efficiency to keep costs competitive with other 

producers. Energy efficiency and access to primary and secondary material to achieve resource 

efficiency are already major drivers in the industry and significant gains have been made. However, 

technical barriers to greater resource and energy efficiency are being reached.  

 

Industry associations in the EU believe that trade policy features provide competitive advantages to 

some, but not all, producers, and therefore that competition is also distorted. Securing a level 

economic playing-field for access to raw materials is thus a vital goal for the industry and a field 

where the EU comes into play an important role for the industry (Eurometaux, 2010b). 

 

The forecast decline in aluminium prices to 2020 is likely to put further competitive pressure on EU 

producers who are likely to be increasingly squeezed on costs. The balance of energy costs may 

work in favour of EU producers given their relatively high efficiency but it is unclear to what extent 

this will compensate for decreased margins.  

 

Automotive and aerospace sectors 

Aluminium is an important material for transport applications since it is light, can enhance the safety 

of passengers, other road users and pedestrians, and most importantly it retains its value and 

unique properties even after recycling. With increasing pressure for lighter, lower emissions 

vehicles demand for aluminium from the automotive sector is increasing.
102

 Vehicles are also an 

important resource source with around 95% of the aluminium in cars recycled at end of life, this 

accounts for over 50% of the material value of the end of life vehicle.
103

 

 

Competitiveness effects on the EU automotive sector can be estimated as small, with 

approximately 120kg of aluminium used per vehicle, this reflects a cost component of around 150-

200 euros per vehicle. This is therefore a very minor proportion of vehicle production cost. With the 

markets for aluminium being global, all manufacturers will face similar problems. EU produced 

vehicles perhaps already compete at higher ends of the market with a price premium paid for 
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qualities such as brand, reliability, performance, styling; therefore it is likely that changes in costs 

due to lower aluminium prices could be passed to consumers in small price discounts, leading to 

improved competitiveness. Alternatively any gains could be taken as profit or reinvested. 

Outsourcing part of production to China or South-East Asia may provide access to raw materials at 

a lower cost and avoid any export restrictions.
104

 This could have a positive impact on EU 

competitiveness.  

 

Similar arguments hold for the aerospace sector. Differences exist in the competitiveness of the 

sector with EU and US producers dominating the market. The data suggests that competitiveness 

impacts of changes in prices would be likely to apply very similarly to both with little change In 

relative positions.  

 

Construction 

Aluminium is also an essential material in the building industry due to its light weight, durability, 

strength, corrosion resistance and recyclability. Around 20% of world aluminium is used in the 

construction sector, and its use is increasing.
105

 The construction sector is naturally tied to its 

physical location and markets are typically more local, regional or national. For this reason the 

competitive position of the EU is likely to remain unchanged in response to changes in aluminium 

prices. One likely effect is that decreased prices would be likely to lead to continued growth in the 

use of aluminium as a building material in the EU and/or that the cost of buildings decreased so that 

more building is possible. 

  

Completeness of price message 

Price signals can become distorted in various ways and not give a ‘true’ reflection of all the factors 

at play. This can be a particular issue in terms of environmental and other externalities, but can also 

be caused by market structures (e.g. cartels, monopolies, oligopolies), failures to fully price in 

scarcity and also the role of taxes and subsidies. In respect of aluminium the following assessment 

is made in terms of the completeness of the price message.  

 

Externalities 

Negative externalities related to the energy intensive production process of aluminium, e.g. CO2 

emissions, are not fully reflected in globally traded prices. Note, though, that producers in the EU 

that are subject to the EU ETS and therefore have this partially integrated into their costs and 

therefore prices. Global prices are primarily determined by energy (mainly electricity) prices and 

labour costs related to the production of primary aluminium.
106

 Hence if energy costs are subsidised 

or do not reflect all the externalities, e.g. the costs of emissions
107

, aluminium prices are also kept 

artificially low by definition. The environmental external costs for industrial metals & mining sector of 

the top 3,000 companies by market capitalisation in Trucost’s database were estimated to be 

around USD 220 bn in 2008, 77.3% of which relate to GHG. However, actual externalities are likely 

to be higher since the analysis excludes external costs caused by product use and disposal, as well 

as companies’ use of other natural resources and release of further pollutants through their 

operations and suppliers.108
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Market structure 

While there is some concentration of production, e.g. China represented 39% of global production 

in 2010, this is often also tied to consumption, so that the impact on global price signals is limited. 

Overall the aluminium market is relatively competitive with major exporters in highly stable countries 

and other smaller suppliers making up around 50% of global exports.  

 

The biggest market structure effects appear to arise from the global trading facilities and the 

influence on prices and demand that can be exerted by firms. Some speculation in aluminium 

futures does exist and ‘warehousing’ is also a problem. Almost 75% of LME aluminium stocks are 

locked into so-called financing transactions and unavailable to consumers,
109

 hence prices do not 

directly reflect real demand. Controlling the speed of supply through ‘warehousing’, slows down 

supply and is most likely keeping prices higher than they would be otherwise, though it is not 

possible to accurately quantify these effects. 

 

Failure to recognise scarcity issue 

Aluminium prices adjust relatively rapidly to changes in production capacity, as demonstrated in the 

past. Hence, if the price increases, more aluminium is supplied to the market without taking into 

account the long-term effects of depleting this metal. There are three factors that tend to mitigate 

scarcity: exploration and discovery, technological progress, and substitution (Tietenberg, 2009). A 

study analysing the correlation between the aluminium price and several scarcity measures, such 

as alumina price, primary marginal cost, recycling efficiency, and the static depletion index showed 

that these scarcity metrics weakly correlate with future primary aluminium price. Other metrics 

examined, such as recycling rate, mining industry Herfindahl Index, the acceleration of the mining 

rate, and the alumina producer's marginal cost did not correlate with the future primary aluminium 

price.
110

 These results both imply that scarcity is not yet correlated with prices, although this can be 

judged a rational response given the abundance of the raw material resources, high recycling rates 

and the lack of any direct scarcity issues being forecast in future.  

 

Role of taxes and subsidies  

Aluminium prices are influenced by taxes and subsidies in producer countries, particularly those 

related to energy as these are a major cost component in production. The matter of completeness 

of energy prices was noted above under externalities, and is also explored further in the fuel section 

of this report. No further major effects are identified. 

 

Summary 

In summary the prices for aluminium can be judged relatively complete with some standard 

reservations on the extent to which environmental externalities and harmful energy subsidies are 

included in prices. One aluminium specific concern is the role financial markets and a few specific 

players have in manipulating market prices and supply as illustrated in the warehousing issue. 
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3.4 Cobalt (non-ferrous metal) 

3.4.1 Key facts 

Key facts  

Description  Cobalt is broadly defined as cobalt ore (mined) and cobalt metal (refined). It is a non-

ferrous metal (NFM), very hard and maintains its strength at high temperatures. Cobalt 

is also ferromagnetic, and thus can be magnetised. These properties, besides its ability 

to form alloys with many other metals, imparting strength at high temperatures, and its 

ability to keep its magnetic properties at high temperatures, are important for industrial 

applications. Most cobalt is mined as a by-product of base metals, usually copper and 

nickel, as pure cobalt is not found in nature or it naturally occurs in too low 

concentrations to be mined alone. Sediment hosted deposits – primary worked for 

copper with cobalt as a by-product – account for over 50% of world’s mined cobalt. 

Other type of deposits include hydrothermal and volcanic, magmatic sulphide, and 

laterite deposits. Seafloor deposits are not currently being mined as they remain 

uneconomic. Cobalt has been identified as one of the critical raw materials by the EU 

due to the fact that the majority of cobalt ore is mined in Africa. 

Price definition US cobalt content value is used as a proxy for global cobalt price as trading of this metal 

commenced only in 2010. The USGS defines cobalt unit value as the value of one 

metric tonne of cobalt apparent consumption. Estimation of this unit value is based on 

US import data – import values and import quantities of cobalt alloys, ores and 

concentrates since cobalt is mostly imported.  

Globally traded London Metal Exchange (LME) started trading cobalt at its metal exchange only since 

February 2010. Previously, cobalt was traded in the free market with few companies 

displaying cobalt prices. 

Production & trade 

flows 

In 2010, 67% of the world’s cobalt ore was mined in the Democratic Republic of Congo 

(DRC). There is no mine production of cobalt in Europe, except of a negligent amount 

mined in Finland. One-quarter of the world’s production is provided by China (6,2%), 

Zambia (4,9%), Australia (4,6%), Canada (4,4%), Cuba (3,5%) and Russia (2,3%) 

together. Almost one-half the world’s known reserves of cobalt —some 3.4 million metric 

tons—are located in the DRC. The majority of African cobalt production is routed 

through South African ports to export accounting for 90% of world cobalt exports (2007 

volumes). The other 10% of exports are made mainly by Republic of Korea, Belgium, 

USA and Germany. China was the world’s leading producer of cobalt metal, accounting 

for 43% of total amount, and EU production was 20% of total production (of which 

Finland was around 60%), in 2010. Cobalt metal exports are less dominated by a single 

country compared with cobalt ore exports. The top five exporters of cobalt metal are 

Russia, Canada, Australia, Finland and Belgium. Together these countries account for 

more than 50% of world cobalt metal exports.  

China is the largest importer of cobalt ore, mostly for domestic use - accounting for 

almost 75% of total world imports in 2007 – followed by Finland, India and South Africa.  

Imports of cobalt metal are less concentrated. In general a larger number of countries 

import cobalt metal, together Finland, China and Japan account for more that 50% of 

imports in 2007. 

Global volumes Total world mine production of cobalt was 72 300 tonnes in 2009. The total production 

of refined cobalt metal in 2009 was 59 800 tonnes. 

2009 global value EUR 1.78 bn global current production value of cobalt ore. 

2010 EU import 

value 

EUR 44.9 million EU 27 import value. 
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Key facts  

EU Self-sufficiency 

ratio 2010 

0% 

Key sectors Cobalt is a key industrial metal. Today’s main cobalt end-use sector is rechargeable 

batteries, followed by superalloys, hard metals, pigments, catalyst and the magnetic 

alloys sector. The EU has a major role in the cobalt supply chain, but primarily in 

processing and refining for export, as there is no EU production of rechargeable 

batteries and only a small production of cobalt catalyst.
111

 

Environmental 

impact 

Stems primarily from disruption, water contamination and energy use in extraction, 

transport and refining.  

Data source used USGS. 

Data coverage 1960-2009. Yearly prices. 

Additional data 

sources 

BGS cobalt profile 2009, BGS European mineral statistics 2005-09, BGS World Mineral 

production 2006-1010, and USGS World Mineral production 2010. 

Unit USD/ metric tonne of apparent consumption; 

Conversion to Euro using yearly exchange rates by Eurostat. 

Deflator MUV Index, 2011=100 (constant prices at year 2011 level). 

Anything other 

relevant for this 

specific resource 

Cobalt was identified by the European Commission as a critical material, according to 

the report on critical raw materials for the EU (2010) due to its moderate supply risk and 

relatively high economic importance for the EU.  

Selection criteria EU import dependence is 100% (2006) and it is identified by the EU raw material 

initiative as a raw material which will be globally demanded by emerging technologies 

(e.g. fuel cells, Lithium-ion batteries, synthetic fuels). Those two elements are crucial in 

determining EU competitiveness in the sectors for which cobalt is essential.  

Outlook Based on our forecast model, prices of cobalt ore are expected to rise by 14.2% in a 

high-end scenario between 2010-2020, decrease by 0.9% in a business as usual 

scenario and decrease by 17.2% in a low end scenario. These predictions are based on 

the assumptions related to the developments of oil prices, cobalt ore world production 

and global GDP growth. 

Trend value Long term trend is of increase in real prices of 0.9% per annum during 1971-2009.  

 

 

3.4.2 Past trends in resource prices and volatility 

Evolution of real prices 

The figure 3.23 plots estimated cobalt ore prices during 1971-2009 in constant 2011 Euros. 

                                                                                                                                                               
111

  http://ec.europa.eu/enterprise/policies/raw-materials/files/docs/annex-v-b_en.pdf.  

http://ec.europa.eu/enterprise/policies/raw-materials/files/docs/annex-v-b_en.pdf


 

 

 

66 Mapping resource prices: the past and the future 

 

Figure 3.23 Annual prices of cobalt ore in 2011 constant EUR per metric tonne, 1971-2011 

 
Source: data from USGS, Ecorys calculations. 

 

Real cobalt prices have a long-term upward trend during 1971-2009 however with significant 

fluctuations during this period. The first significant peak in prices was in 1979, where the price of 

cobalt ore reached EUR 70 000/tonne in constant 2011 Euros. The prices then decreased to 

around EUR 30 000/tonne (constant 2011 Euros) in 1983, after which they increased to around 

EUR 55 000/tonne in 1985, and in the late 1980s decreased to below EUR 20 000/tonne. Since 

1992 until 2000, the prices increased again and since 2000 fluctuated around EUR 40 000/tonne.  

 

The peak in 1979 prices is due to the significantly increased consumption in the US coupled with 

the high uncertainty about cobalt supply and price as a result of the announcement by African 

Metals Corp., the major dealer of cobalt for the US, that cobalt metal orders will be accepted only 

on allocation basis in the early May 1978. Moreover, uncertainty of supply was aggravated by the 

political unrests in Zaire disrupting the mining activities.
112

 The decreases in prices until 1983 were 

a result of decreased US consumption of cobalt during these years. Since 1983, the US economy 

picked up again, which resulted in increased consumption of cobalt by industry. The price of cobalt 

is influenced by economic conditions in the country and by industry demand. September 11 events 

in 2001 created economic uncertainty and financial problems for the US commercial airlines, which 

are a major user of cobalt superalloys, which are extensively used in jet engines and other turbines. 

This might be the reason for the decline in real prices between 2001 and 2003.
113

 The decrease in 

prices in late 2008 resulted from the economic crises and hence decreased industry demand for 

cobalt as well as due to a surplus in supply from new mines.
114

  

 

The price of cobalt reflects balances of supply and demand as well as factors, external to the 

industry, affecting the status of global and national economies. Concentration of cobalt production 

in DRC, makes supply of cobalt strongly controlled by its political instability. According to the BGS 

(2009), cobalt ore trading volumes present larger fluctuations, compared to cobalt metal trade, due 

mainly to political situations affecting ore production and delivery. As cobalt volumes and availability 

decrease under those circumstances, prices rise. 
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Relation to inflation – the correlation coefficient between current prices of cobalt and inflation 

(MUV index) is rather high at 0.71. Moreover, regressing inflation (+ constant) on current prices of 

cobalt returns an R
2
 of 0.70.

115
 From both these results it can be concluded that changes in current 

cobalt prices follow changes in inflation quite closely.  

 

Key drivers of prices: 

 Increases in supply: In 2008 supply from new mines started increasing, by 2010 the 

production increased by more than 60% to 105 000 tonnes due mainly to increases in 

production of Democratic Republic of Congo (DRC) and Zambia, dissolution of the Soviet Union 

in 1991 resulting in the integration of stocks into the world market, and an increase of cobalt 

exports from Russia. Sales from the US National Defense Stockpile of cobalt began in March 

1993 which also increased the supply;
116

 

 Increases in demand: growth of China’s economy and increase of China’s cobalt consumption 

during the last decade. Increase of demand for cobalt to manufacture rechargeable batteries for 

portable electronic devices around 2003; 

 Economic Crises: The price drop of 2008 is primary in response to 2008’s global economic 

crisis and surplus in supply from new mine;
117

 

 National and international policies affecting production and delivery of cobalt: The 

Government of Congo began to enforce a ban on exports of unprocessed cobalt in 2006 in an 

attempt to add value to the ore in-country (this ban is now lifted). 

 

Analysis of volatility 

Separating the price changes into ten year periods to 2009 as presented in the table below 

highlights the main trends by decade.  

 

Table 3.10 Periodic changes in cobalt ore prices, EUR / tonne, 2011 constant prices 

Years 
% Total change in 

prices 

Average annual % 

change (compounded) 

Volatility (coefficient of 

variation) 

1971-1980 202.2% 13.1% 0.628 

1981-1990 -65.9% -11.3% 0.460 

1991-2000 71.3% 6.2% 0.197 

2001-2009 -26.9% -3.8% 0.256 

Total 1971-2009 39.4% 0.9% 0.401 

1971-1989 4.9% 0.3% 0.526 

1990-2009 51.8% 2.2% 0.275 

 

The period 1971-1980 clearly coincides with the low (1971) and high (1979) peaks in real prices 

showing a 200% increase in real prices over this period. The volatility has also been the highest in 

this period (0.628), measured by coefficient of variation, also compared to other metals. 1980s have 

also been relatively volatile (0.46), showing a 66% decrease in real prices over 1981-1990, 

corresponding to decreased consumption due to worse economic situation in the US. The period 

1991-2000 is the least volatile (0.197) showing more or less stable prices. The increased volatility 

between 2001-2009 (0.256) is mainly due to September 11 events and the economic crisis starting 

in 2008. 
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Reasons for volatility in real cobalt prices are the following: 

 Supply risk – concentration of the cobalt ore mining in the DRC, and production of cobalt metal 

in China; 

 Economic situation which impacts industry demand. 

 

 

3.4.3 Future trends in Cobalt prices 

Model fit of past prices for estimating future prices 

Stationarity tests for the annual series confirm nearly stationarity for the entire 1971-2009 period 

(94% confidence), according to the Dickey-Fuller t-statistic of the unit root test with intercept and 

without trend. This implies that there is no trend break and the whole period could be used for 

future projections but with cautions. The model with log converted variables and where the current 

value depends on one lag has the best fit in terms of R
2
, Durbin-Watson and t-statistics: 

 

log(Co) = constant + coeff1 * log(Co(-1))  

 

The following figure presents the result and the estimated equation and the statistics. All 

coefficients are significant with 99% confidence. The problem with using this model for projections 

is the number of observations, since we have only yearly cobalt data. 

 

Figure 3.24 Model fit of yearly cobalt ore prices in 2011 constant EUR per metric tonne, 1971-2009 

 
Source: Ecorys calculations. 

 

Existing forecasts 

There is no cobalt shortage foreseen for the next decades. Any demand growth can be covered by 

a supply increase within a reasonable time period. The sudden increase of demand, mainly from 

China, as seen in the past few years did cause a spike in prices but most analysts expect prices to 

level off in the long term.  
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Figure 3.25 Lifetime of Cobalt reserves 

 
Source: Clingendael, 2011. 

 

Analysts predict a steady growth of demand over the coming years. Cobalt is used for sectors 

which are expected to grow, such as rechargeable batteries and electric hybrid cars. With predicted 

annual growth rates of 10% for the next 10 years, cobalt demand is expected to increase as well. 

The question thus is whether supply can keep up with demand. The variation in price forecasts 

reflects the different views on this matter (table below). 

 

Table 3.11 Cobalt price forecasts 

Source Price forecast (US$/kg) Price (EUR/tonne)* 

CIBC, 2008 33.1 23 600 

Haywood mining team, 2009 22.0 15 700 

Scotia Capital, 2006 15.4 11 000 

Geovic mining, 2008 33.1-44.1 23 600-31 500 

Aker Solutions Australia, 2010 30.9 22 000 

BMO Capital Markets, 2009 17.6 12 600 

Average 28.0 20 000 

Note: * EUR/tonne price is Ecorys calculations using 2011 exchange rate USD/tonne. 

 

The nature of the cobalt market makes predictions difficult. The majority of cobalt production is 

mined as a by-product of copper and nickel. Production is thus heavily dependent on these markets 

and as such, supply is highly price inelastic.
118

  

 

Table 3.12 Percentage share of cobalt production 

 
Source: Aker Solutions Australia, 2010. 

 

The strong price volatility over the past years is expected to remain in the future. The cobalt market 

is small and sensitive to potential and real supply disruptions due to its concentration in African 

countries.
119
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Future price projections 

Based on our original analysis of price trends between 1971 and 2009 we have developed a 

forecast model for cobalt ore prices that presents 3 scenarios. Our projection of constant cobalt ore 

prices is done using the following parameters and assumptions of changes in them: 

 Brent crude oil prices in 2011 € per barrel;  

 World cobalt production (metric tonnes); 

 Global GDP (million EUR). 

 

Annual data for all these measures is available for the period 1992-2010. Future projections of 

cobalt prices are largely based on oil prices (a standard technique applied across all resources), 

while the model is calibrated by the other parameters. Oil prices are highly relevant since the costs 

of mining of nickel and copper depend highly on energy costs, and cobalt is a by-product of this 

mining. 

 

The following forecast model chosen showed the best statistical properties in terms of t-statistics, 

R
2
 and DW. 

 

Log(Co_const) = const + beta1*log(Brent_const) + beta2*log(World_GDP) 

+beta3*log(World_Prod_Co) 

 

Three price scenarios are formed as follows: 

 Base case: Brent prices to stay 80-81 €/bbl by 2020, world cobalt production to grow at 2.5% 

annually and world GDP to grow at 2% annually. Substitution of these values into the regression 

equation leads to a projection for the yearly constant cobalt prices; 

 High case: Brent prices to grow to 97 €/bbl by 2020, world cobalt production to grow at the 

same rate as in the Base case and world GDP by 2.5% annually. Substitution of these values 

into the regression equation leads to a projection for the yearly constant cobalt prices; 

 Low case: Brent prices to reduce to 68 €/bbl by 2020, world cobalt production to grow at the 

same rate as in the Base case and world GDP by 1.5% annually. Substitution of these values 

into the regression equation leads to a projection for the yearly constant cobalt prices. 

 

The following graph shows the result in terms of constant (2011 €) cobalt prices. This shows that in 

a base case scenario we would expect cobalt prices to increase from a 2010 level of around 39 206 

€/tonne to around 41 384 €/tonne in 2020, a total increase of 5.6% over the period. In the high 

scenario prices are forecast to increase to around 46 268 €/tonne in 2020, a total increase of 18% 

over the period. In the low scenario prices are forecast to decrease to around 37 094 €/tonne in 

2020, a total decrease of 5.4% over the period.  
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Figure 3.26 Projection for cobalt ore prices (in constant 2011 Euros) 

 
Source: Ecorys calculations. 

 

These price forecasts are above the forecasts that a lag model would generate (EUR 33 607/tonne 

in 2020) and below forecasts generated by a simple trend extrapolation (EUR 48 476/tonne in 

2020). Lag model misses the recent jump in oil prices and therefore leads to lower price projection 

even though the price series is nearly stationary. 

 

 

3.4.4 Competitiveness analysis and behavioural impacts 

Production and consumption of cobalt 

There are about 16 countries with exploitable primary cobalt reserves. The largest cobalt producers 

can be found in Africa, with DRC Congo and Zambia accounting for half the world supply. The 

distribution of cobalt resources across the globe is depicted in  

Figure 3.27.  

 

Figure 3.27 Primary cobalt mining areas.  

 

 
Source: Aker Solutions Australia, 2010. 
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The concentration of cobalt production in countries like Congo and Zambia comes with a risk, 

related to political instability, impacts of corruption and limited infrastructure.
120

 This supply risk is 

reflected in a high price volatility. The mining production of cobalt ore increased by 34.6% during 

2002-2009 (table below), while EU is not really producing any cobalt ore (except of negligent 

quantities in Finland). The global consumption (estimated as apparent consumption = production + 

import – exports) has according to our data increased by 140.5% during this period as a result of 

increased world imports. Due to the possibility to recycle cobalt, the supply risk is not estimated as 

extremely high according to the EU Critical Raw Materials initiative. 

 

Production of cobalt metal is not necessarily in the same country as it is mined. In 2007, 38% of 

global cobalt metal production was in countries that do not mine cobalt ore. China, for instance, 

produces far more cobalt metal than cobalt ore. It has secured supply by closing long term 

contracts with cobalt ore miners.  

 

Figure 3.28 World cobalt ore (left) and metal (right) production in 2007 

 
Source: British Geological Survey. 

 

Finland and Belgium, for example, also produce cobalt metal, representing around 20% of total 

cobalt metal production in 2010.
121

  

 

Trade flows 

According to UN Comtrade statistics, the key exporters of cobalt ore and concentrates over the last 

5 years (2007-2011) in terms of value have been Zambia (60%) and USA (12%). Much of the ore 

produced in the DRC is treated in Zambia and exported via South Africa. Moreover, it is likely that 

the export figures from DRC are not reported and hence distort the picture on the top exporters as 

well as on our estimate of global consumption of cobalt ore (since it depends on exports).  

 

The key importers in terms of value for the same period are China (77%) and Finland (10%). China 

has many “life-of-mine” contracts with African producers to supply their cobalt ore. Most of it refined 

is then used domestically. 
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  Scottish Environment Protection Agency (SEPA) 2011, Raw Materials Critical to the Scottish Economy. 
121

  BGS, European Mineral Statistics (2006-2010). 
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Figure 3.29 Key importers and exporters of cobalt ore and concentrates 2007-2011 

 
Source: UN Comtrade. 

 

Summary of EU position 

The table 3.13 shows the estimates of the main trends for cobalt ore production, consumption and 

trade flows. Global mine production data are taken from USGS database, trade data from UN 

Comtrade and consumption is estimated by Ecorys based on these figures. As noted above, Congo 

export figures might be missing, which impacts the global export figures and hence also global 

consumption figures. We provide also global consumption figures, assuming global exports equal 

global imports (in pink).  

 

Table 3.13 Cobalt ore production, consumption and trade flows 

Period 2002 2003 2004 2005 2006 2007 2008 2009 
Change 

2002-09 

Global mine 

production (tonnes) 
53 700 54 600 60 300 65 200 68 900 71 500 76 300 72 300 34.6% 

EU mine production 

(tonnes) 
0 0 0 0 100 120 100 27 0% 

% EU share of 

world production 
0% 0% 0% 0% 0% 0% 0% 0% 0% 

Global consumption 

(tonnes) – no 

Congo 

150 499 174 643 207 811 327 958 222 273 192 860 352 202 361 880 140.5% 

Global consumption 

(tonnes) – if exports 

=imports 

53 700 54 600 60 300 65 200 68 900 71 500 76 300 72 300 140.5% 

EU consumption 

(tonnes) 
61 195 42 075 78 719 53 997 30 690 25 373 24 977 13 567 -77.8% 

% EU share of 

world consumption 
41% 24% 38% 16% 14% 13% 7% 4% -37% 

World imports 

(tonnes) 
121 052 151 576 297 393 387 670 233 986 163 751 294 325 348 945 188.3% 

EU imports 

(tonnes) 
64 413 42 079 79 862 54 686 30 869 26 570 25 973 14 806 -77% 

% EU imports of 

EU consumption 
105% 100% 101% 101% 101% 105% 104% 109% 4% 

World exports 24 253 31 533 149 882 124 912 80 613 42 392 18 422 59 365 144.8% 
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Period 2002 2003 2004 2005 2006 2007 2008 2009 
Change 

2002-09 

(tonnes) – no 

Congo 

EU exports 

(tonnes) 
3 218 4 1 143 689 279 1 317 1 096 1 266 -60.7% 

% EU exports of 

EU production 
n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. 

EU self-sufficiency 

ratio 
0 0 0 0 0 0 0 0 0 

Source: USGS for world mining data, UN Comtrade (HS code 260500: cobalt ores & concentrates), Ecorys calculations. 

 

The following conclusions can be made (but with caution): 

 EU is heavily dependent on importing extracted cobalt ore as it does not mine this ore itself 

(except of minor quantities in Finland); 

 The global mine production increased by 34.5% over the period 2002-2009; 

 The estimated global consumption increased by 140% during this period mainly due to 

increased world imports; 

 EU imports decreased by around 77% during 2002-2009 – this might be due to worse economic 

situation in recent years and hence the demand for cobalt decreased within the EU; 

 On average, EU imports are higher than EU consumption, which suggests that stocks are being 

created in the EU. 

 

Figure 3.30 shows these trends: 

 

Figure 3.30 European cobalt ore trends 

 
Source: Ecorys calculations. 

 

Secondary markets, recycling and substitutability 

Recycling of cobalt is extensive and crucial due to its rarity, lower cost than cobalt extraction from 

ore, and to prevent environmental damage caused by products using cobalt (e.g. batteries). 

Recycling depends on the type of material used: 

 Most alloys are re-melted; 

 Cemented carbides are disaggregated and re-used; 

 Rechargeable batteries are recycled – involves separation of cobalt, iron, nickel and copper. 
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Recycled cobalt increased from 4,200 to 10,000 tonnes per annum during 1995 and 2005. In 2010 

the end of life recycling of cobalt was estimated to be 68%.
122

 Recycling of pre-consumer waste 

cobalt is common in most uses; post-consumer recycling is focused on batteries, alloys and 

catalysts.
123

 For other uses such as paints, glasses and pigments, recovery is not possible due to 

the nature of these products.
124

 

 

Alternatives for cobalt exist but lead to reduced product performance, hence substitutability is 

currently limited. More research into substitutes might change or even decrease EU consumption of 

certain cobalt applications, such as rechargeable batteries, which might be replaced by hydrogen 

fuel cells.
125

  

 

Criticality assessment for the EU 

There is no cobalt ore mined in the EU, and buyers heavily depend on the supply from the rest of 

the world. Moreover, the EU is a minor producer of end products containing cobalt, such as 

rechargeable batteries and Co catalysts. The EU does supply the cobalt chemicals and powders 

required for these applications. The EU cobalt industry (powder and chemicals) has a leading 

position in the world, providing more than 65% of global requirements for the end-use sectors. In 

securing their feedstock however, European producers of cobalt chemicals and powders face fierce 

competition from Chinese producers. The operating costs of Chinese producers are relatively low, 

due to state support and low compliance with environmental, health and safety legislation.
126

 This 

enables them to pay more for their cobalt ore supply then their European competitors. This puts the 

European industry at a competitive disadvantage, which will only increase when cobalt prices rise.  

 

Since demand for cobalt is relatively inelastic, the increase in prices will not as such have a great 

impact on EU consumption but rather lead to lower competitiveness of EU vis-à-vis the world. The 

supply risk together with increasing prices might lead to more recycling of cobalt, currently at 

16%.
127

  

 

The BGS ranks cobalt at 5.5 out of 10 in terms of relative supply risk. This is according to our 

assessment medium risk for the EU. 

 

The impact of price changes on the competitiveness of EU sectors 

Even though cobalt is needed in small quantities, “high-tech” technology depends on it. Hence, 

rather than the change in prices, what affects EU sectors is the risk of supply, similarly as for rare 

earths. Cobalt is also needed for the transition to a resource efficient Europe since it is used in 

many “sustainable” products, such as hybrid cars. To maintain their competitive position, some EU 

sectors are looking for substitutes for cobalt. Today’s main cobalt end-use sector is rechargeable 

batteries, followed by superalloys, hard metals, pigments, catalyst and the magnetic alloys sector. 

There are difficulties obtaining data based on which we could provide better analysis of the impact 

of changed cobalt prices on different EU sectors. The key sectors are shortly described below. 

 

Emerging technologies (rechargeable batteries) sector 

Cobalt is used in rechargeable batteries to help increase their life, stability and to reduce corrosion. 

Rechargeable batteries are used by mobile phones, portable computers, and hybrid and electric 

vehicles. The use of cobalt for rechargeable batteries translates in high demand of cobalt by the 

                                                                                                                                                               
122

  EU report on critical raw materials (2010). 
123

  http://www.environment-agency.gov.uk/static/documents/Business/EPOW-recovering-critical-raw-materials-T5v2.pdf. 
124

  EU report on critical raw materials (2010). 
125

  BGS report on Cobalt (2009). 
126

  EU report on critical raw materials (2010). 
127

  EC (2011), Tackling the challenges in commodity markets and on raw materials. 

http://www.environment-agency.gov.uk/static/documents/Business/EPOW-recovering-critical-raw-materials-T5v2.pdf
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chemical sector. For instance, the chemical sector in China has a high demand for cobalt salts to 

fuel the Asian Battery market. EU as such does not have a strong position in the production of 

rechargeable batteries sector, it is mainly Japan and China. Hence the price of cobalt will not have 

a significant impact on this sector in the EU, rather on the sectors that provide cobalt chemicals and 

powders for these end products.  

 

Regarding the development of the batteries market and its use of cobalt, the following figure shows 

the trends in the expected use of cobalt in batteries.  

 

Figure 3.31 Trends in battery materials uses - cobalt 

 

Source: EC, Critical Raw Materials report; HEV – hybrid electric vehicle, EV – electric vehicle. 

 

It can be seen that the demand for Lithium-Ion batteries for electric vehicles (EV) are expected to 

rise substantially which involves an increased demand for cobalt (around 12 000 tonnes/year). 

Europe represents only a marginal share of global production of lithium-Ion batteries since 

European manufacturers were not able to increase their market share since currently it depends on 

reducing the price of such batteries.
128

 Asian manufacturers (Japan, Korea and China) are the key 

players on this market with 95% of the global production.  

 

Aerospace engineering sector (superalloys) 

Superalloys are used to make parts for gas turbine engines and other components used in aircraft 

and space vehicles. Aerospace industry is one of the key high-tech sectors of the EU, of which 

engines represented around 9% of aerospace industry turnover in 2006.
129

 It is a highly 

concentrated industry, France, Germany and UK accounting for 80%. The key competitor in this 

sector is the US, which is the market leader of this industry. This might imply that a price change in 

cobalt due to supply risk might affect all market players of this industry.  

 

 

 

                                                                                                                                                               
128

  http://www.frost.com/prod/servlet/market-insight-top.pag?docid=190743205. 
129

  Ecorys (2009) Competitiveness of the EU Aerospace industry. 

http://www.frost.com/prod/servlet/market-insight-top.pag?docid=190743205
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Completeness of price message 

Being mainly mined as a by-product of nickel and copper, the supply of cobalt is price inelastic 

hence increases in cobalt ore prices might not help solving the resource efficiency problem. Similar 

to other metals, the following assessment is made in terms of the completeness of the price 

message. 

 

Externalities  

Similar to other metals, negative externalities are related to the energy intensive process of mining 

and the related CO2 emissions. 

 

Market structure 

Another market distortion is the dominant position of Congo and Zambia on the cobalt market. 

Political unrest in these countries has a large effect on the market, and might provide incentives for 

more resource efficiency in terms of the use of cobalt and recycling opportunities.  

 

Role of taxes and subsidies 

DRC imposed an export ban on cobalt in 2006, which considerably affected production of cobalt. 

This ban has been lifted. 

 

 

3.5 Indium 

3.5.1 Key facts 

Key facts Indium  

Description  Indium (In) is a by-product of the electrolytic refining of zinc and remains in a liquid state 

over a wide range of temperatures. It deforms easily under pressure even at extremely 

low temperatures and as a result it is mostly used in thin films or semiconductors. It is 

quite rare – ranking 61
st
 in abundance in the Earth’s crust - which makes it about three 

times more abundant than silver or mercury. Indium is especially critical to the EU as it is 

important for many key industrial sectors, there are few good substitute, the EU is highly 

import dependent and supplies are judged to be high risk.  

Price definition The price is defined by unit values (USD/mt). These are the dollar values, of 1 metric ton 

(mt) of indium apparent consumption. Unit value was calculated using price data from 

the Metal Prices in the United States through 1998 (MP98) for refined indium for 1936–

98 and from the Mineral Commodity Summaries (MCS) for 1999 to the most recent year. 

Apparent consumption was estimated for 1966–78. Domestic consumption data from the 

MCS were used as an estimate for apparent consumption for 1979 to the most recent 

year.  

Globally traded Indium is globally traded, at the FOB North America Warehouse and the FOB 

Warehouse Rotterdam.  

Trade flows Key producers of Indium in 2008 were China (58%), Japan (11%), Korea (9%) and 

Canada (9%). The most important producer countries for the EU are China (81%), Hong 

Kong (4%), USA (4%), and Singapore (4%). 

Global volumes Approximately 600 tonnes of primary production per year. Estimated secondary 

production of similar volumes to primary production.  

2010 Global value €294 million estimate for primary production – secondary market is more. 

2010 EU value €43.2 million – estimate based on EU imports of 58.2 tonnes/year, and 30 tonnes/year 

own production (Belgium). 

EU Self-sufficiency 

ratio 2010 

N/A. 



 

 

 

78 Mapping resource prices: the past and the future 

 

Key facts Indium  

Key sectors Typical applications are in bonding, high-purity, low-temperature alloys, soldering and 

thin films. 65 % of the Indium consumed in industry, is as thin films of indium-tin oxide 

(ITO) for liquid crystal displays, LCDs, flat panel displays, touch screens, and 

semiconductors (9%). It is also used as a replacement for toxic mercury compounds in 

alkaline batteries. 

Environmental 

impact 

Most of its compounds are inert and are not considered to be hazardous in industrial use 

exposure (0.1 milligram per cubic meter in any 8-hour shift of a 40-hour work-week). 

Primary toxic effect of ionic indium is damage of the kidneys, and it may also affect the 

respiratory system. The recycling rate in Europe is very small due to the lack of 

infrastructure to collect indium-bearing products.  

Data source used World Bank Commodity Price Data (Pink Sheet). 

Data coverage The covered time period leads from 1936 -2009 (yearly prices). 

Additional data 

sources 

USGS (2010); 

USGS Mineral Commodity Profile: Indium (2004); 

Critical raw materials for the EU (2010). 

Unit Original data: USD/ metric tone; 

Conversion to Euro: use of historical exchange rate. 

Deflator MUV, 2011=100 (constant prices at year 2011 level. 

Anything other 

relevant for this 

specific resource 

Most scarce of Copper, indium, gallium, selenide (CIGS); 

Growing demand in the last years; 

The EU is highly import dependent; 

No. 14 on British geological survey risk list 2011. 

Selection criteria Critical metal; 

Getting more and more important, especially in electronic industry; 

EU is highly dependent on imports of China. 

Outlook Prices to increase by 13-15% by 2020 in all scenarios.  

Trend value Long term trend is of increase in real prices of 0.5% per annum during 1971-2009.  

 

 

3.5.2 Past trends in resource prices and volatility 

Evolution of real prices 

 

Figure 3.32 Price of indium in 2011 constant EUR per metric tonne, 1971-2009 
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Source: data from USGS, Ecorys calculations. 
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Before 1940 Indium was used only for experimental purposes, and between 1940 and 1973 Indium 

was sold only in small quantities, with prices determined by individual negotiations between the 

producer and consumer. Since 1971 the real price of Indium has generally fluctuated between 

about €150 000-400 000 per metric tonne (mt) in the period 1971-2011. Two main exceptions to 

this have occurred since 1971, the first between 1975 and1981 when prices rose in real terms to 

over €600 000/mt. This was strongly linked to global expansion of the nuclear power industry, with 

high demand for Indium for use in nuclear control rods. The price decline from 1980 reflects the 

impact of the Three Mile Island nuclear power plant accident in 1979 and a subsequent slowdown 

of nuclear expansion.  

 

During the economic recession (1980-82) the price stayed at a low level and not until 1986 did it 

begin to increase again, as a result of the development of indium phosphide semiconductors and 

indium-tin-oxide thin films. From 1989 Indium was added to the US National Defence Stockpile 

(NDS) acquisition plan. The jump in prices in 1994 resulted from tight supply and high demand. The 

low price reached in 2002 could be explained by a steady price decline owing to greater supply and 

significant recycling and the release of more than half of the US NDS holdings.
130

  

 

The second period of abnormal prices began in 2003 when prices jumped from below €200 000/mt 

to over €900 000/mt in 2005, with prices rapidly declining back to trend levels of €400 000/mt by 

2009
131

. The increase a result of the growth in devices using indium in their screen displays, 

particularly LCDs (average 18% annually) and a higher demand in touch screens and photovoltaic-

cells. Following 2005, lower-than-expected LCD sales in the United States, new substitutes, better 

recycling methods and global economic uncertainty have led to price decreases. Although not 

charted, it is understood that the average price of indium has increased again in more recent years, 

by approximately 25% in 2011 from that of 2010.
132

 

 

It is notable that, as a by-product of zinc processing, Indium prices are closely connected to zinc 

production and prices. 

 

Relation to inflation – the correlation coefficient between current prices of Indium and inflation 

(MUV index) can be judged quite moderate at 0.53, indicating a statistical relationship between the 

two variables. Regressing inflation (+ constant) on current prices of Indium returns an R
2
 of 0.35. 

From these results it can also be concluded that changes in current indium prices follow changes in 

inflation to a moderate extent and have a moderate relation to inflation. 

 

Key drivers of prices 

In addition to classic issues of supply and demand and economic growth the following specific 

issues are important drivers of indium prices: 

 Production of zinc: as a by-product of the zinc production the price of Indium is highly 

dependent on zinc extraction and processing. High demand for zinc will lead to higher potential 

indium production and lower indium prices and vice versa; 

 Expansion in screen use: as indium is primarily used in screens for electrical devices the 

expansion in use of such devices drives demand, this has happened rapidly in the last 10 years, 

whether this demand can be sustained, i.e. if saturation is reached or alternatives developed; is 

not yet clear; 
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  Metal Prices in the United States Through 1998 (1999), available at: 

http://minerals.usgs.gov/minerals/pubs/metal_prices/metal_prices1998.pdf. 
131

  Minerals, critical minerals, and the U.S. economy (2007), available at: http://www.nma.org/pdf/101606_nrc_study.pdf. 
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  Mineral commodity summaries 2011 (2011), available at http://minerals.usgs.gov/minerals/pubs/mcs/2011/mcs2011.pdf. 

http://minerals.usgs.gov/minerals/pubs/metal_prices/metal_prices1998.pdf
http://www.nma.org/pdf/101606_nrc_study.pdf
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 Technological innovation – new uses and substitution: Innovators continue to look at new 

applications for indium in areas such as the energy sector (solar power and conductors). 

Cheaper new alloys and components can sometimes also substitute for indium. Although these 

substitutes are often at the same elementary level as Indium and therefore often just as 

expensive, or there is a significant decline in quality or effectiveness; 

 Recycling rate: The higher the price, the higher the rate of recycling. As prices have risen in 

recent years several companies have developed ways to recycle indium and reuse existing 

parts of old technology. Despite this, recycling of indium remains low in many countries, 

although this could be expected to change over time and become an increasingly important 

price driver.  

 

Analysis of volatility 

Separating the price changes into ten year periods to 2011 as presented in the table below 

highlights the main trends by decade. As shown by the overall price trend the biggest movements 

per decade occurred in 1971-80, when a major price increase (+91.6%) was experienced, and 

2001-2011 where a further major price increase (+107.6%) was experienced, while over the full 

period the increase of 21.9% represented a price increase of 0.5% per year.  

 

The price movements were explained in the previous section, conforming in the earlier periods to 

changes in demand from the nuclear power sector, and then in the most recent period to increased 

demand from electronics.  

 

Table 3.14 Periodic changes in indium prices, EUR / tonne, 2011 constant prices 

Years 
% Total change in 

prices 

Average annual % 

change (compounded) 

Coefficient of Variation 

(CV) 

1971-1980 91.6% 7.5% 0.379 

1981-1990 -34.2% -4.6% 0.298 

1991-2000 24.9% 2.5% 0.279 

2001-2009 107.6% 9.6% 0.581 

Total 1971-2009 21.9% 0.5% 0.535 

1990-2009 175.6% 5.5% 0.599 

 

A good measure for volatility is the coefficient of variation (CV), which is defined as the standard 

deviation over the mean. The CV value increased from 45.0% over the period 1971-1989 to 59.9% 

over the period 1990-2009. This shows that volatility in indium prices has become higher in the 

more recent period.  

 

The indium market is quite unique in many respects. Causes of volatility in prices include the 

following: 

 Zinc demand and supply – as indium is produced as a by-product of zinc production indium 

production and prices are closely tied to zinc markets. This can cause price changes unrelated 

to direct supply and demand issues; 

 Few refined indium producers globally – only a handful of firms produce refined indium 

globally, estimated at just 28 firms in 2000,
133

 though this may have risen to more than 50 by 

2010.
134

 While these producers are geographically diverse and stable the small numbers make 

this a niche market that can be influenced by changes in only a few firms; 
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  USGS (2004) Indium commodity profile. 
134

  Based on listings within Roskill (2010) Indium: Global industry markets and outlook, 9th edition 2010. 
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 Demand focused in few sectors – price changes in the 1970s were dictated by the 

concentration of indium in the nuclear power sector, similar concentrations now exist in terms of 

LCDs and touchscreen technologies. If demand from these technologies were to change, i.e. 

substitutes developed then prices, demand and supply could also rapidly change. 

 

Future volatility could be expected to continue to follow these trends, although increasing prices 

may spur greater recycling to weaken links to zinc markets and increase secondary markets for 

indium scrap. This would also be likely to further diversify the firms involved in the market.  

 

 

3.5.3 Future trends in Indium prices 

Model fit of past prices for estimating future prices 

Stationarity tests for the annual series show very close to stationarity for the entire 1971-2011 

period (98% confidence), according to the Dickey-Fuller t-statistic of the unit root test with intercept 

and without trend. This implies that there would be no trend break and the whole period could be 

used safely for future projections. Therefore the period 1971-2011 is a good measure to build a 

simple price projection model. The model with log converted variables and where the current value 

depends on two lags has the best fit in terms of R
2
, Durbin-Watson and t-statistics.  

 

log(In) = constant + coeff1 * log(In(-1)) + coeff2 * log(In(-2)) 

 

Figure 3-33 presents the result and the estimated equation and the statistics. All coefficients are 

significant with 99% confidence. This model could be used as a projection for the price 

development until 2020.  

 

Figure 3.33 Model fit of annual prices of indium in 2011 constant EUR per metric tonne, 1971-2011  
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Source: Ecorys calculations. 

 

Existing forecasts 

Due to many uncertainties in the market, there are few freely available long term projections of the 

indium price. This is mainly due to unknown reserves, uncertainty over Chinese export policies and 

a lack of information regarding the commercial substitutability of indium. Price forecasts are 

therefore rarely for more than 1-2 years ahead, and targeted at commodity investors.  
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Some forecasts are available but these are commercial products. A brief overview from one of 

these reports
135

 states that current production exceeds consumption, but forecasts indium demand 

increasing at 15% per annum until 2015 and prices increasing from EUR 475 000/tonne 

(US$630/kg) in 2010 to 635 000/tonne (US$850/kg) by 2013, a 35% increase in 3 years. This would 

remain considerably below 2005 peaks but reflect a significant increasing trend. Spot prices in June 

2012 remain around 2010 levels at US$550-650/kg, though these figures are not in exactly the 

same terms as the prices we have charted previously. 

 

One long term forecast estimates that global indium demand in 2030 will be more than 3 times 

higher than current global production
136

. There exist significant uncertainties in these types of 

estimates, much depending on potential technological applications, for example if breakthroughs in 

thin-film solar photovoltaic panels happen, then demand for indium could increase more rapidly. 

Equally, cheaper effective substitutes could be found that would reduce demand.  

 

Future price projections 

Due to the paucity of other data our projections are based almost solely on statistical modelling of 

past price movements and the observed stationarity between 1971-2009. We have developed 3 

price scenarios, using the following parameters and assumptions of changes in them: 

 Brent crude oil prices in 2011 (€ per barrel);  

 World indium production (metric tonnes); 

 Global GDP.  

 

Annual data for these measures is available, or has been estimated, for the period 1992-2010. 

Future projections of indium prices are based on forecast indium production increases, oil prices 

and changes in global GDP, while the model is calibrated by the other parameters. Global GDP is 

the most important factor in this, with the closest links to the consumption of the consumer goods 

such as TVs and mobile phones that use most indium. Indium production and oil prices also play a 

role.  

 

For the future price projection model all possible regression combinations were tried and the 

following equation turned out to have the best statistical properties in terms of t-statistics, R
2
 and 

DW. 

 

Log(In_const) = const + beta1*log(Brent_const) + beta2*log(Global_GDP) + beta3*log(In world 

production) 

 

The projection model is most sensitive to the changes in global GDP. 

 

The three price scenarios fitted to this model were defined as follows: 

 Base case: Brent prices to stay 80€/bbl 2012-2015, rising to 81€/bbl 2016-2020
137

, and Global 

GDP to grow at 2.0% per annum. Indium production to grow by 8.5% per annum; 

 High case: Brent prices to grow to 84€/bbl by 2015, and to 97€/bbl by 2020. Global GDP 

assumed to grow at 2.5% per annum. Indium production to grow by 8.5% per annum; 
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  Roskill (2010) Overview - Indium: Global industry markets and outlook, 9th edition 2010. 
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  Angerer et al. (2009) Raw materials for emerging Technologies; Final report – Abridged Fraunhofer Institute for Systems 

and Innovation Research ISI; Institute for Futures Studies and Technology Assessment IZT Karlsruhe / Berlin, Germany. 
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  All oil price projections are based on the latest EIA-US projection. High and Low are taken as the in-between values of the 

High and Low of EIA, to achieve a reasonable price spread.  
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 Low case: Brent prices to start at 75€/bbl in 2012, and to fall to 63€/bbl in 2012 by 2015, before 

growing to 68€/bbl by 2020. Global GDP assumed to grow at 1.5% per annum. Indium 

production to grow by 8.5% per annum. 

 

The following graph shows the result in terms of constant (2011 €) indium prices. This shows that in 

every scenario prices are expected to increase to a very similar level, of around €610 000-620 000 / 

tonne by 2020. This would represent a 13-15% increase on current prices, or annual price growth of 

around 1.5%. The only major deviation in the price scenarios is for a low price scenario where, in 

the short term, lower oil prices keep indium prices lower, this effect is forecast to quickly erode after 

2015.  

 

Global GDP is modelled negatively to prices, i.e. that as global GDP increases, indium prices fall; 

this is logical in the sense that indium is a relatively niche product and that increases in 

consumption (GDP) can realize significant economies of scale and technical improvements to 

reduce prices. Yet although global GDP is individually the most powerful factor in indium prices the 

positive modelled relationships with Global indium production and oil prices prove the dominant 

effects in the whole equation. 

 

Since the past data could also be used for projections due to fully stationary data, we also portray a 

fourth scenario of indium prices based on the 2-monthly lags model (model fit projection). This 

projection shows a 19% decrease of indium prices in 2020 compared to 2009, to reach 325 813 

€/tonne in 2020. Lag model misses the recent jump in oil prices and therefore leads to lower price 

projection even though the data is fully stationary.  

 

Figure 3.34 Projections of future indium price scenarios (in constant 2011 €)  

 
Source: Ecorys calculations. 

 

 

3.5.4 Competitiveness analysis and behavioural impacts 

This section describes the production, consumption and trade flows of indium, to the extent which is 

possible, which sets the first context for the competitiveness analysis and behavioural impacts. We 

analyse the potential impact of indium prices on EU competitiveness and briefly derive implications 

for European industry. Further, we assess the completeness and accuracy of price message by 

looking at negative externalities of indium production, scarcity and cost structures. 
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Production of indium 

Total global production between 2005 and 2009 has been quite stable at around 600 

tonnes/year.
138

 As indium production is a by-product of zinc mining, there are some, but few, 

estimates of indium production per country, based on zinc data. Based on country specific 

assumptions of indium content in zinc ore concentrate, combined with zinc mining data, Roskill 

estimated the indium mine production from zinc deposits in 2009. The results are presented in the 

table below, as a share of total global production.  

 

Table 3.15 Estimated share of indium mine production from zinc deposits in 2009 (Roskill 2010) 

Producer Share of global primary production (%) 

China 45 

Peru 9 

Australia 6 

Mexico 3 

Canada 9 

USA 5 

Other 23 

 

There is significant uncertainty regarding indium reserves. In 2007, reserves were estimated at 

around 6 000 tonnes. When prices went up, increased exploration efforts resulted in the discovery 

of new deposits. Current estimates of global reserves are much higher at around 50 000 tonnes. At 

a current production rate of around 600 tonnes/year and with on-going exploration this means that 

reserves should cover demand for the next 100 years. The uncertainty over reserves can be 

illustrated with the following figure, from the EUs critical raw materials report
139

, which still shows an 

expected reserve base of only 19 years: 

 

Figure 3.35 Estimated remaining lifetime of indium reserves 

 
Source: EC (2010) Critical raw materials. 

 

Another result of price fluctuations is that companies start to stockpile indium and/or indium 

concentrate containing metal slime (zinc production by-product). SMG Indium Resources holds 

what it believes to be the world's largest known strategic stockpile of indium held outside of the 

People's Republic of China. The company claims that it secured over 42 tonnes of indium over the 

past years
140

, equal to approximately 6.6% of the world's estimated annual primary production of 

indium. 
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  USGS world mineral statistics. 
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  European Commission (2010) Annex V to the Report of the Ad-hoc Working Group on defining critical raw materials. 
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Secondary markets, recycling and substitutability 

Secondary production is also an important factor in the sector with recycling playing an increasingly 

important role as prices rise, demand increases, recycling processes improve and supply fears 

grow. As a response to the scarcity of indium and the uncertainty of supply, recycling increased 

significantly during 2005–2007 and accounted for a greater share of indium production than primary 

production by 2007.
141

 In general, indium is difficult to recycle and the process is energy intensive 

and time consuming.
142

 The recycling rate in Europe is very small due to the lack of infrastructure to 

collect indium-bearing products. Furthermore, it is not currently economically viable for most indium 

sources such as indium tin oxide (ITO) in flat panel displays and photovoltaic panels.
143

 

 

Trade flows 

Since Europe depends on zinc imports, it also depends on indium imports. EU imports of indium 

are presented in Table 3.16 and total around 58 tonnes per year are modest compared to a total 

world production that is estimated at 600 tonnes. Most EU imports (81.3%) are from China. China 

restricts its exports by imposing quotas. The export quota for the first half of 2010 was 140 tonnes, 

for the second half of 2010 this was reduced to 93 tonnes. China is anticipated to continue to 

tighten its indium export quota to meet growing domestic demand.
144

 On top of that, China levies an 

export tax of 5%. Other exporting countries like Russia (6.5% tax), South Africa (export licensing) 

and Tanzania (export ban) also impose restrictions.  

 

Table 3.16 EU Indium imports 

 
Source: ComExt. 

 

Consumption 

As with production, world consumption of indium is also uncertain. Estimates of primary indium 

consumption are between 700-1000 tonnes/year.
145

 When secondary indium (i.e. recycled material 

and stockpiles) is included estimates are between 1300-1700 tonnes.
146

  

 

Although exact data is unavailable the EU is not understood to be among the top 3 indium 

consumers, which are Japan, the USA and China. Increasing demand appears most clearly linked 

to production of LCD containing electronics such as TVs, telephones and other screen devices. 
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This has led to strong increases in demand for indium in China as it gains significant production 

share in these technologies.
147

  

 

Criticality for the EU 

Indium has been classified as one of the 14 critical raw materials for the EU, taking into account 

supply risk and economic importance. BGS ranks indium at 6.5 out of 10 on its relative supply risk 

index. The key producing country is China, which imposes risk on sufficient supply for Europe. 

 

The impact of price changes on the competitiveness of EU sectors 

Indium production 

It is unclear what the exact size of EU production of indium is but it is clear that it is a relatively 

minor share of total global production with only Belgium playing a significant role.  

 

The relation to zinc production is important and it is notable that in the EU only Ireland has any 

significant role in global zinc mining, with 3% of the global total. The biggest producers by far are 

China, Australia and Peru. In terms of production of slab (refined) zinc the EU plays a more 

important role with Spain, Germany, France, Belgium and Finland being among the top 20 global 

producers, but these are primarily reliant on imported ore. The refining process is the stage where 

indium ore can also be extracted as part of zinc production. The role of Spain, Germany and France 

in zinc production, but not indium, points to some potential for expansion of indium production, this 

would need to be investigated further. 

 

Evidence suggests that countries with a longer history of zinc production will have a competitive 

advantage in indium production as they are likely to have stored slime with indium deposits ready 

for refining. Though these stockpiles may not be large and have also been traded. 

 

Secondary indium production, i.e. recycling and recovery, is in its infancy, with Japan and China 

leading the way in recycling rates and processes, these countries can be judged to have a 

competitive advantage in this area. Developed countries with high consumption of LCD devices 

may have high potential secondary indium resources.  

 

Downstream sectors  

End use sectors for indium are primarily in the electronics and electrical production sectors, 

particularly screen devices. EU production in these devices is much lower than production in Japan, 

China and the US, therefore in terms of competitiveness the impact of increased prices may be 

relatively small. 

 

One important competitiveness issue in relation to indium prices is China. As noted above the EU 

sources approximately 85% of its indium from China or Hong Kong. This makes it highly reliant on 

this single supplier and vulnerable to supply restrictions and export duties. China levies a 5% export 

tax, and EU import duties are a further 2%. Together this results in a 7% higher price being paid for 

indium in the EU than in China. While the total effect may only be minor it is clear that this does not 

work to the benefit of EU competitiveness. 

 

Completeness of price message 

Indium is highly dependent on zinc production and prices therefore take this into account to some 

extent. As with other metals the biggest gaps in prices arise in the area of negative externalities in 

producer countries not being fully priced into production. The following issues are also important: 
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 Uncertainty in future applications – use of indium in LCD technology is the major driver of 

current consumption increases. It is unclear if this technology will be displaced by another in the 

next years and/or if alternatives to indium are developed. Additionally, it is unclear if 

technologies with significant growth potential such as thin-film PV will ‘take-off’ in the next 

decade, this could have a highly significant impact on indium demand and prices; 

 Size and economic feasibility of reserves – data in indium production, consumption, stocks 

and recycling is poor. It is also unclear to what extent the extraction and refining process could 

be improved to maximize reserves. This, along with uncertainty in technology and future 

application, makes it highly difficult for potential scarcity to be factored into prices; 

 Negative externalities related to indium production, both from zinc production and indium 

refining are poorly priced in to the final indium price. These are typical to metal production and 

involve energy, water and land use. 

 

 

3.6 Rare earths 

3.6.1 Key facts 

Key facts  

Description  Rare earths are a collection of metallic materials and include yttrium, scandium, and the 

so-called lanthanides (lanthanum, cerium, praseodymium, neodymium, promethium, 

samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, 

ytterbium and lutetium). It is deemed a ‘critical material’ by the EU’s ad hoc working 

group on defining raw materials which ranked it no: 1 in materials with the highest risk of 

supply disruptions. It therefore qualifies to be a strategic importance to EU 

manufacturers.  

Price definition The price is a dollar value of 1 metric tonne of rare earth oxide equivalent apparent 

consumption in the US. This price is used as a proxy for rare earths. The price differs 

per metal and oxide. 

Globally vs locally 

traded 

There are no exchanges where rare earths are globally traded, but the price is set in a 

private market and sold by specialist rare earth oxides (REO) trading companies. REOs 

are supplied on long term confidential contracts and determined by producers, hence 

primarily China. When China decides to cut supply through quotas and/or increase 

export taxes, prices soar. Due to increases in prices the search for substitutes has 

intensified and companies have moved production to China, which has decreased 

prices somewhat. 

Production & Trade 

flows 

China produced around 94 – 97 % of global supply in 2010, with remaining production 

shared by India, Brazil and Malaysia. Key users and importers are China (54 %)
148

, 

Japan (24 %), Asia Other (4 %), EU (10 %) and US (8 %). Demand is expected to 

increase by two-thirds in the next five years.  

Global volumes 130 000 – 135 000 tonnes produced per year and 110 000 000 tonnes in reserves 

(USGS, 2010). 

2009 global value  EUR 1.06 bn global production value in current EUR. 

2010 EU import 

value 

EUR 15.68 million in current EUR. 

EU Self-sufficiency 

ratio 2010 

0% 

Key sectors Portable electronic devices, high-tech batteries, large wind turbines, lasers. 

Environmental Similar to most other metals, mining for rare earths can be highly damaging for the 
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Key facts  

impact environment and the health of humans living in the proximity if not properly managed.  

Data source used USGS. 

Data coverage Annual data 1960 – 2009. 

Unit USD/mt; 

Conversion to Euro: use of historic exchange rate. 

Deflator MUV index, 2011=100 (constant prices at year 2011 level). 

Anything other 

relevant for this 

specific resource 

Rare earth’s are not ‘rare’ per se and in some cases even abundant. They are central to 

the production of many high-tech products such as batteries f or hybrid cars, advanced 

wind turbines, smart phones, laptop screens, etc. The main reason for being perceived 

as critical is the concentration of production to China which controls about 97 % of 

production. Moreover, the level of substitutability is low which increases the risk of 

problem of supply shortages. For many of the rare earths substitutions are available but 

of lesser efficiency. 

Selection criteria Rare earths have been selected as a critical resource due to the associated risks to 

manufacturing of certain products in case production is disrupted. In this sense, rare 

earths are not selected for their scarcity but for their increasingly large strategic 

importance for high-tech products which are often key to low carbon technology 

solutions such as hybrid cars, large wind mills and super conductors.  

Outlook While China appears to tighten their grip on the production and trade of rare earths, 

non-Chinese companies are struggling to find solutions either by substituting the metals 

used or moving manufacturing to the China and thereby circumventing aggressive 

export taxes and export quotas. 

Trend value Long term trend is of increase in real prices of 2% per annum during 1971-2009.  

 

 

3.6.2 Past trends in resource prices and volatility 

Evolution of real prices 

The following figure plots the monthly prices in constant 2011 Euros per metric tonne of rare earth 

oxide (REO). USGS estimates were used as a proxy for the global price. The price for individual 

rare earth oxides and metals differs significantly from around USD 150 per kg of cerium oxide to 

around USD 5880 per kg of Europium oxide.
149

 The key is to see the trend rather than absolute 

values. 
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  BGS, Rare Earth Elements Profile (2011). 
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Figure 3.36 Yearly prices of rare earths oxide equivalent in 2011 constant EUR prices 

 
Source: data from USGS 1971-2009, calculations Ecorys. 

 

Rare earth element (REE) prices have fluctuated significantly between 1971 and 2009. The first 

large scale commercial application of rare earths was in lighter flints in the early 1970s, then 

moving on to TVs, colour screens, and gasoline in the 1980’s and 90’s, to finally be strongly driven 

by later inventions such as magnets.
150

 As more popular applications became more readily 

available in industrialised countries, prices rose. Current technologies which use rare earths include 

computers, LCD screens, smart phones, large wind turbines, and electrical motors.  

 

The real prices have a general upward trend during this time period. The prices peaked in 1972, 

which corresponds to the first increased use of rare earths by industry and hence the significant 

increase in supply and demand. Since 1972 until around 1980, the prices were fluctuating until they 

reached their lowest point in 1980.  

 

The increases and decreases during this period depended on inflation and energy costs. Around 

1985, a change in the petroleum industry which resulted in less use of rare earths led to decrease 

in demand. As production decreased, the prices increased the following year. After that the prices 

more or less increased till 2002, after which they declined again until 2006. These developments 

followed the needs and changes of the industry. During the last five years rare earth prices have 

shown a significant increase as demand has increased for use in high-tech products (and supply 

followed) and protectionist measures have been taken by China, the main producer.
151

  

 

Looking at recent price developments (until August 2011), the prices of the different elements had a 

slight increase till mid-2011 and in June 2011 they rocketed – increase of 200 – 400 % (depending 

on the element).
152

 The increase during the first half of 2010 was mainly due to Japanese increased 

imports and growing demand for permanent magnet applications, the most demanded elements 

were neodymium, praseodymium, dysprosium and terbium.
153

 In July 2010, China implemented 

export quotas reduced by 70%, which had as an impact the aforementioned significant price 

increase, mainly for lighter rare earth elements. At the beginning of 2011, China announced another 

export quota reduction to 35%, which led to another significant increase in mainly light rare earth 

elements. This is due to the fact that Chinese producers focused on selling heavy rare earth 
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elements to maximise profits, since they had to pay for the export quotas. This dramatic increase 

occurred again in June 2011 as Chinese production slowed down due to Chinese regulation and 

inspections regarding environment and safety.  

 

Relation to inflation – the correlation coefficient between current prices of rare earths and inflation 

(MUV index) is rather high at 0.73. Moreover, regressing inflation (+ constant) on current prices of 

rare earths returns an R
2
 of 0.5.

154
 From both these results it can be concluded that changes in 

current rare earths prices follow changes in inflation to a moderate extent.  

 

Key drivers of prices 

The markets for rare earths have grown considerably (from US$200 million in 2003 to US$2 billion 

in 2010)
 155

 and are expected to growth further. The prices of individual elements depend on the 

weight (heavier elements are usually more expensive), the relative difficulty and the associated cost 

in extracting each elements, and of course the demand pattern which differs over time.
156

  

 

Moreover, REE prices do not follow supply and demand dynamics. REEs are not traded on spot 

markets but negotiated between suppliers and manufacturers. These deals are influenced by 

factors such as market power of the supplier and credit rating of the buyer, which makes the 

outcome unpredictable. REE demand is only weakly connected to price fluctuations. For most end-

users, the costs of REEs are just a minor factor in their total production costs. Even a large price 

increase therefore hardly influences the price of their product and will thus have a small impact on 

demand. Most REEs are used for their unique material properties, making it hard to substitute 

them. This further contributes to the low response to price signals (basically the demand is 

inelastic). Uncertainty about the future prices of REEs hamper R&D spending to either find 

substitutes or reduce material intensity. Lastly, a large part of REE demand is determined by the 

demand for clean energy technologies, which is a major end-use sector for REEs.  

 

Not only REE demand, but also supply has a weak correlation with the price. The main reason is 

that REEs are typically co-produced with other materials or other REEs. As the production of REEs 

in those cases is only of secondary importance, the supply is partially or even completely 

independent of the demand or price level of this particular REE. In many cases the profitability of a 

mine is largely dependent on the yields of the primary product so operational decisions are based 

on the market of this product.  

 

The key drivers of REE prices can be summarised as follows: 

 Innovation and demand from high-tech products: European industry is heavily reliant on 

imports of rare earths. China is currently by far the largest producer of rare earths. The 

dominance started in 1992 when China decided to sell rare earths at a considerable discount. 

Cheap labour and weak environmental protection enabled the Chinese to sell below the global 

market prices and led to many non-Chinese mining operations closing down;
157

  

 Chinese trade policies and tariffs: A telling example on the effects of the concentration of raw 

material stocks and supply comes from a recent cut in export quotas of rare earth from China. 

China holds 97% of world production in rare earths and a third of the stock. 95% of the world’s 

rare earth export comes from China of which half goes to Japan.
 158

 In late 2010 for instance, 
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geopolitical issues with China caused the prices of many REEs to increase between 300% and 

700%
159

. During this period, the Chinese Ministry of Commerce cut export quotas by 72%
160

 

and a further 11% in the first half of 2011. They justified the cuts for environmental reasons. In 

July 2011, the World Trade Organisation (WTO) “found that China's export duties were 

inconsistent with the commitments that China had agreed to in its Protocol of Accession”.
161

 The 

analysis showed discrepancies in the treatment of domestic vis-à-vis international companies. 

In a statement, the Chinese Ministry of Commerce stated that it would continue to improve their 

regulation of rare earth exports.
162

 Some industry analysts are, however, sceptical to China’s 

intentions to change their policy, mainly due to the strategic importance of rare earth.
163

 

 

Increasing supply in response to high price signals proves very difficult. The process of exploration, 

permitting and construction of facilities may take up to 10 years and capital investments are 

typically in the order of billions of euros.
164

  

 

Analysis of volatility 

The table below shows the main trends by decade as well as their volatility per decade and the 

overall period. Observing the figure, the prices show quite some volatility, however, when 

calculated, the volatility is not extremely high compared to other resources. This of course does not 

take into account the recent developments in 2010 and 2011 mentioned above.  

 

Table 3.17 Periodic changes in rare earths prices, EUR / tonne, 2011 constant prices 

Years 
% Total change in 

prices 

Average annual % 

change (compounded) 

Volatility (coefficient of 

variation) 

1971-1980 -46.9% -6.8% 0.511 

1981-1990 232.6% 14.3% 0.393 

1991-2000 -1.4% -0.2% 0.142 

2001-2009 -4.5% -0.6% 0.328 

Total 1971-2009 109.2% 2.0% 0.382 

1990-2009 99.7% 3.7% 0.233 

 

As can be seen, the most volatile period has been 1971-1980. The key causes identified according 

to the literature is that supply and demand was increasing in the early 1970s but inflation and rising 

energy costs increased the operating costs and as such changed the pace of the rare earths prices. 

During 1991-2000 volatility has been low since prices were kept artificially low as a result of the 

Chinese rare earths industry growing rapidly and hence supply exceeded demand – China 

increased its production.
165
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3.6.3 Future trends in resource prices 

Predicting future REE prices is extremely challenging since both supply and demand are heavily 

influenced by factors that hamper a predictable response to price signals, as mentioned above. 

Moreover, the clean energy market, a key end-user REE sector, is an unpredictable one as it is 

highly influenced by government policies. Despite the aforementioned considerations, there are 

some sources in literature that give an indication of the expected price development. This will be 

complemented by our own forecasts based on past data. 

 

Model fit of past prices for estimating future prices 

Stationarity tests confirmed stationary with 100% confidence for the entire period 1971-2009. This 

implies that there is no trend break and the whole period can be used safely for future projections. 

The model with log converted variables and where the current value depends on one lag has the 

best fit in terms of R
2
, Durbin-Watson and t-statistics.  

 

log(RE) = constant + coeff1 * log(RE(-1))  

 

The following figure presents the result and the estimated equation and the statistics. All 

coefficients are significant with 99% confidence. This model could be used as a projection for the 

price development until 2020.  

 

Figure 3.37 Model fit of yearly prices of rare earths in 2011 constant EUR per metric tonne, 1971-2009  

 
Source: Ecorys calculations. 

 

Existing forecasts  

Current market prices are generally considered to be unrealistically high, yet Chinese officials have 

repeatedly stated that historical prices were irresponsible and are unrealistic
166

. The long term price 

forecasts are thus expected to be somewhere in between these extremes.  

 

Forecast 1: Jacob Securities Inc Investment Bank 

A 2011 price forecast of investment bank Jacob Securities Inc shows the current peak in REE 

prices, with the expectation that these prices will level off in the coming years (table below). Hence, 

a general downward trend from around 2011 is expected. 
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Table 3.18 Forecast by Jacob Securities Inc 

 

 

Assumptions underlying this projection include: 

 Investments in additional production capacity outside China is expected to bear fruit in the 

coming years. A further expansion of global production is predicted for the long term; 

 A recovery of the global economy and continuing expansion of emerging economies and a 

boom of rare earth applications is expected to drive demand in the long term. 

 

Just how difficult a long term price projection for REEs is, is reflected in the difference between the 

JSI price forecast above and another long term projection from Libertas Capital Corporation, 

presented in the forecast 2.  

 

Forecast 2: Libertas Capital Corporation long term REE price forecast 

 
Source: Libertas Capital Corp: Rare Earth Review 4.8.2010. 
 

The price forecast by Libertas was compiled just before the peak in REE prices of late 2010. The 

price projections are thus much lower than in the JSI forecast and show an increasing trend.  

 

Future price projections 

Our forecasts are based on our original analysis of price trends between 1971-2009, hence 

similarly as by Libertas Capital Corp, we did not take into account the significant peaks during late 

2010 and the first half of 2011. Our simple forecast model for rare earth prices presents 3 scenarios 

using the following parameters and assumptions of changes in them: 
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 Brent crude oil prices in 2011 € per barrel; 

 World rare earths production (metric tonnes); 

 EU34 rare earths imports (metric tonnes); 

 Global and EU GDP (million EUR). 

 

Annual data for all these measures is available for the period 1992-2010. Future projections of rare 

earth prices are largely based on oil prices, while the model is calibrated by the other parameters. 

This methodology is applied across all metals and minerals in this study. 

 

The following forecast model showed the best statistical properties in terms of t-statistics, R
2
 and 

DW. 

 

Log(RE_const) = const + beta1*log(Brent_const) + beta2*log(World_GDP)  

 

Three price scenarios are formed as follows: 

 Base case: Brent prices to stay 80-81 €/bbl, world rare earths production to grow at 4.5% 

annually and world GDP to grow at 2% annually. The projection model is most sensitive to the 

changes in the world GDP. Substitution of these values into the regression equation leads to a 

projection for the yearly constant rare earths prices; 

 High case: Brent prices to grow to 97 €/bbl by 2020, world rare earths production to grow at the 

same rate as in the Base case and world GDP by 2.5% annually. Substitution of these values 

into the regression equation leads to a projection for the yearly constant rare earths prices; 

 Low case: Brent prices to reduce to 68 €/bbl by 2020, world rare earth production to grow at the 

same rate as in the Base case and world GDP by 1.5% annually. Substitution of these values 

into the regression equation leads to a projection for the yearly constant rare earth prices. 

 

Since the past data could also be used for projections as shown above (data are fully stationary), 

we also portray a fourth scenario of rare earths prices based on the 1-monthly lag model (model fit 

projection).  

 

Figure 3.38 shows the result in terms of constant (2011 €) rare earths prices.  

 

Figure 3.38 Projection for rare earths prices (in constant 2011 EUR) 

 
Source: Ecorys calculations. 
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This shows that in a base case scenario we would expect rare earths prices to increase from a 

2011 level of around 6,757 €/tonne to around 7,547 €/tonne in 2020, a total increase of 11.7% over 

the period. In the high scenario prices are forecast to increase to around 7 770 €/tonne in 2020, a 

total increase of 15% over the period. In the low scenario prices are forecast to increase to around 

7 317 €/tonne in 2020, a total increase of 8.3% over the period. The forecast model values are 

above the lag model values, which reach 6,615 €/tonne in 2020 (a 26% decrease compared to 

2009 level).  

 

The discrepancy with the more recent forecast model shows how large uncertainty on future REE 

prices is due to the Chinese monopoly over REE production. Therefore, this should be considered 

when developing future forecasts of REE as normal market forces do not play a big role in 

forecasting. The key risk to future prices is primarily the dominant position of China as the key 

producer since to date there is little substitutability for these metals.  

 

 

3.6.4 Competitiveness analysis and behavioural impacts  

Production and consumption of REEs 

Global production of REEs is currently concentrated in China (97% of supply in 2010). Expansion 

activities outside China are expected to cover most of global non Chinese demand by 2014 for the 

light REEs. Supply of heavy REEs will remain concentrated in China for the foreseeable future
167

. 

The trend in production is increasing, with approximately 35.4% increase during 2002-2009 

according to data from USGS (see table below). Other countries known to be currently mining 

besides China are Russia, India, Brazil and Malaysia, however, with low significance. Recycling 

rates are also commonly less than 1%.
168

 

 

The global consumption of REEs has also increased during 2002-2009 by 22.4%. Since 2009, the 

demand has risen significantly. The EU consumption has also risen by approximately 33.7% during 

2002-2009. This increased demand is mainly due to shift to clean technologies. However, the 

majority of REEs are produced as well as consumed by Chinese market, and EU share represents 

only around 0.5 – 1.5%. 

 

Trade flows  

The current value of the REE market is estimated to be around USD 2-3 billion, which is relatively 

low compared to other metals and minerals.
169

 The demand for different REE fluctuates over time, 

depending on the technological development. The world imports have decreased by 18% during 

2002-2009, while EU imports by only 7.9%. World exports decreased by 3% during 2002-2009, and 

this decrease is even larger in 2010 and 2011 due to increased Chinese domestic consumption of 

REEs and decreasing export quotas. China decreased its export quotas down to 30% in 2010 as a 

result of its increased domestic consumption of REEs (Figure 3.39). This is why their dominance of 

world production (97%) is not fully reflected in their share of world exports by value (Figure 3.40). 
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Figure 3.39 Yearly Chinese Export quotas of REEs 

 
Source: UK houses of parliament POSTNOTE 368 January 2011 Rare Earth Metals. 

 

The key exporters during 2007-2011 according to the UN Comtrade database are China (77%), 

USA (14%) and Hong Kong (3%). The key importers are Japan (76%), US (6%) and Germany 

(3%). In 2010, EU27 imported 1 466 tonnes of REE, worth EUR 15.6 million. This represents only 

6% of REE world export value. 

 

Figure 3.40 Key exporters and importers of REEs in terms of value 

 
Source: UN Comtrade statistics. 

 

Summary of EU position 

Table 3.19 shows the production, consumption, import and export trends over 2002-2009 for the 

EU and world.  

 

Table 3.19 REE production, consumption and trade flows 

Period 2002 2003 2004 2005 2006 2007 2008 2009 
Change 

2002-09 

Global production 

(tonnes) 
98 200 97 100 102 000 122 000 137 000 124 000 129 000 133 000 35.4% 

EU production 

(tonnes) 
0 0 0 0 0 0 0 0 0 

% EU share of world 

production 
0 0 0 0 0 0 0 0 0 

Global consumption 

(tonnes) 
106 116 94 406 98 319 119 339 134 377 123 013 131 969 129 836 22.4% 
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Period 2002 2003 2004 2005 2006 2007 2008 2009 
Change 

2002-09 

EU consumption 

(tonnes) 
606 1200 1250 1172 1306 1624 1474 811 33.7% 

% EU share of world 

consumption 
0.57% 1.27% 1.27% 0.98% 0.97% 1.32% 1.12% 0.62% 0.05% 

World imports 

(tonnes) 
9 388 11 202 11 434 13 155 15 046 15 749 12 902 7 690 -18.1% 

EU imports (tonnes) 1 139 1 374 1 480 1 191 1 455 1 670 1 887 1 049 -7.9% 

% EU imports of EU 

consumption 
187.9% 114.5% 118.4% 101.6% 111.4% 102.8% 128.0% 129.4% -58.5% 

World exports 

(tonnes) 
11 185 13 896 15 115 15 816 17 669 16 736 9 934 10 854 -3.0% 

EU exports (tonnes) 532 174 230 19 149 46 413 238 -55.3% 

% EU exports of EU 

production 
_ _ _ _ _ _ _ _ _ 

EU self-sufficiency 

ratio 
0% 0% 0% 0% 0% 0% 0% 0% 0% 

Source: USGS, UN Comtrade, Ecorys calculations. 

 

From Table 3.19, the following conclusions can be drawn: 

 EU does not produce any REE, which makes it completely dependent on REE imports; 

 Global production of REE increased by 35.4% over 2002-2009, while global consumption rose 

by 22.4% over the same period; 

 EU consumption rose by 33.7% over 2002-2009, and represents on average around 1% of 

global consumption; 

 EU imports more than it consumes but the share of imports to consumption decreased by 58.5 

percentage points during 2002-2009.  

 

Figure 3.41 shows these trends relevant to the EU. 

 

Figure 3.41 European REE trends over 2002-2009 

 
Source: UN Comtrade, Ecorys calculations. 
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Secondary markets, recycling and substitution 

Recycling of REEs is problematic. Different primary uses of these metals are known and analysed 

with respect to recycling possibilities, however, results show that recycling of REEs is difficult and 

expensive due to the nature of the material as well as product.
170

 As such, recycling rates are very 

low, i.e. less than 1% of REEs are recycled from old scrap, mainly from old magnets. The leading 

technology is being developed by Japan.
171

 

 

Criticality for the EU 

The key concern is that EU is wholly dependent on imports of REEs since EU is not producing any 

REE, recycling is currently below 1% and no good substitutes exist for REE. The demand for REE 

is hence inelastic, meaning price increases might not have an impact on EU consumption, also 

because REE form only a minor part of the costs of the products they are used for. What will matter 

is that more R&D is allocated to explore these commodities elsewhere, mainly in Australia, 

California and Vietnam and on the development of substitutes. Also better recycling of REE might 

reduce pressure. So far there have been not enough incentives to develop recycling and substitutes 

since there was over supply on the market and recycling was comparatively more expensive.  

 

Rare earths are classified as one of the critical raw materials for the EU based on their supply risk 

and economic importance. BGS ranked REEs at 8 out of 10 based on the relative supply risk index. 

This implies a very high criticality of this material. 

 

The impact of price changes on the competitiveness of EU sectors 

The key risks regarding the competitiveness of Europe relates to: 

 Chinese near monopoly over production; 

 Low substitutability. 

 

REE are indispensable in electronic, optical, magnetic and catalytic applications. They are also 

crucial with regard to environmental protection since they improve energy efficiency and enable 

digital technology. As mentioned in the price forecast section, REEs costs typically make up only a 

small part of the total costs of products where they are used for. These sectors will thus not be 

significantly affected by REE prices as such. However, the supply risk is significant that could affect 

EU industry. There are a few products with a larger share of REEs, such as high power magnets. 

Producers of those could face a competitive disadvantage as such products may be cheaper 

available from China.  

 

Electronics sector 

The electronics industry uses REE primarily in form of permanent magnets, such as in MP3 

players, speakers, DVD drives, hard disks, etc. Permanent magnets account for around 38% of the 

REE market by value and 21% by volume.
172

 Furthermore, REE for phosphors applications are also 

crucial for the production of televisions, computer screens and other visual display devices. Energy 

efficiency lighting, e.g. LEDs, and the manufacture of fibre optics and lasers is another application 

of REE phosphors. This application of REE accounts for around 32% of global consumption by 

value and only 7% by volume.  
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New ‘green’ technologies sector 

The use of REE in form of permanent magnets is crucial also in many ‘green’ carbon reducing 

technologies, for example in wind turbines and hybrid vehicles. Regarding hybrid electric vehicles 

(HEV), the following figure shows the expected demand for rare earth use in batteries (in 

tonnes/year) in 2020 compared to 2010. 

 

 
Source: EC, Critical Raw Materials report. 

 

Several other applications of REE are in new technologies such as advanced satellite 

communication systems, magnetic refrigeration, fuel cells or water treatment. 

 

Glass and polishing sector 

REE are also commonly used in the glass industry and account for 22% of consumption by volume 

but only 6% by value. The applications are as dyes in glass, UV protection, camera lenses or 

polishing – mirrors, television faceplates.  

 

The concerns about supply of REE provide incentives for the development of recycling and 

substitutes of REE. Currently, research in this area is still in its early stages. 

 

Completeness of price message 

The different price distortions of REEs are similar to other metals discussed in this report. A few 

examples related to REEs are presented below. 

 

Market structure 

The complex market structure of REEs is already discussed in the section regarding the key drivers 

of REE prices. Chinese production is currently the most cost-effective compared to alternatives as 

rare earths mining is a by-product of mining other minerals.  

 

Externalities  

Environmental effects of REE production that are not factored in the price include the following: 

 The radioactivity of materials which are nearly always found with rare earths; 

 Chemicals involved in refinement processes, such as sulphuric and hydrofluoric acid, posing 

significant hazards to the local environment, causing illness and occupational poisoning of 

workers and residents, and polluting land and water; 

 Externalities associated with the energy used for REE mining. 
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It is noteworthy that a large share of REEs are used for clean energy technologies, with positive 

environmental effects. Rather than the price, the key factor that might contribute to more resource 

efficiency of REE is the supply risk of REE.  

 

Export taxes and quotas 

China first imposed restrictions in June 2010, when they cut the quota for domestic companies by 

32% and 54% for foreign-invested companies. The export quota was decreased to 30,000 tons 

while the demand reached 50,000 - 60,000 tons. In 2011, China cut its export quota for rare earths 

by another 35%.
173

 All of this drove up prices of rare-earths in mid-2010. However, the recent WTO 

ruling challenged this government intervention in January 2012 and demanded that China lifts these 

export restrictions. 

 

 

3.7 Synthesis on metals 

The metals resource category included ferrous and non-ferrous metals. Ferrous metals are those 

that contain iron, in our case this was iron ore. Non-ferrous metals in this study included: 

 Base metals (aluminium, copper); 

 Specialty metals (cobalt, indium and rare earths). 

 

 

3.7.1 Price indices of individual resource sub-categories 

Based on our historical time series, we constructed price indices for each of the six metals, taking 

year 2000 as a base index (2000=100). Figure 3.42 shows the results. 

 

Figure 3.42 Price indices for individual metals indexed to year 2000 (2000=100) 
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Source: Ecorys calculations. 
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Observations 

Based on the visual interpretation of the graph, the correlation between the metal prices seems 

weak, in both magnitude and timing, with the indices rarely showing joint peaks or lows or changes 

of similar size. Common trends that can be detected include: 

 Relative price stability 1987-2003: with all indices remaining in a range of 30-150, this 

contrasts with previous and later periods where more than one of the indices increases above 

200, or in the latest period almost to 400. Yet even a range of 30-150 represents significant 

variation over time; 

 Strong price increases in many metals in the last decade: except for aluminium and cobalt. 

REE prices are known to have increased significantly in 2010, although this does not show in 

the graph since the USGS does not yet provide data beyond 2009. Prices over the last decade 

are on average about twice the historical average over the three preceding decades (again 

apart from aluminium and cobalt).  

 

Co-integration tests 

When performing a co-integration test on these time series, comparing five different methods, there 

is one co-integrating vector for all six metals. This means that the 6 metal prices do move in tandem 

as a whole, in contrast to visual analysis, that there is a joint movement, probably caused by 

movements in oil prices. 

 

 

3.7.2 Analysis of evolution of metal prices 

The table below summarises the key characteristics of the six metals analysed in terms of past and 

future price developments, main risks, volatility and EU import dependency.  
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Table 3.20 Summary overview of metals 

Metal Price development, past and future Main risks for the EU Volatility 

1971- now 

EU import 

dependency 

Comments 

Iron ore Iron ore prices have skyrocketed over the past 5 

years, more than quadrupling since 2007. These 

increases are forecast to continue into the future as 

developing economies grow and demand outpaces 

supply.  

Risks are assessed as 

very low due to the 

abundance of the 

resource. There is some 

small risk from export 

restrictions (e.g. as India 

already does).  

0.75 The EU has to import 

around 80% of its 

consumption.  

The market is an oligopoly 

dominated by 3 main producers 

(BHP Billiton, Vale, RioTinto). 

Chinese demand is exploding 

and drives production and 

price. 

Copper Since the price peak in 1973 due to political unrest 

in main exporter Chile, prices were relatively stable. 

Copper prices have grown significantly since 2005 

(with a short dip due to the crisis). Price forecasts 

are mixed, but the base scenario projects a slow 

continued increase in prices to 2020.  

The main risks for global 

industries are supply 

disruptions – particularly 

in Chile. The EU is 

relatively less sensitive to 

these due to high 

efficiency and recycling 

rates.  

0.43 EU primary copper 

production covers 

about half of 

consumption. High 

recycling rates reduce 

import dependency.  

Demand increases from 

emerging economies, 

increased use in new 

technology and from the energy 

sector, and supply disruptions 

in the main production 

countries are important price 

drivers. Speculation and 

financial market activity has an 

influence on prices. 

Aluminium Since 1971, the average aluminium price has been 

more or less stable between 1 500 – 2 500 €/tonne 

and exhibiting a slowly decreasing trend. Prices are 

forecast to remain largely unchanged, slightly 

increasing on current levels by 2020.  

Aluminium production is 

very energy intensive 

(~35% of production 

costs). Hence energy 

costs and the ETS trading 

system are the main 

factors influencing 

competitiveness. 

0.23 The EU covers about 

half its consumption 

with aluminium 

production. There are 

few concerns over 

supply security as 

producers are stable 

and widespread.  

Recycling is an important 

source of primary aluminium for 

the EU. Trading processes 

(‘warehousing’) can restrict 

supply and artificially inflate 

prices. 

Cobalt Average cobalt prices have been steadily increasing 

over the past 40 years with significant fluctuations, 

mainly caused by supply disruptions. Prices are 

expected to continue to slowly increase in future.  

Cobalt increasingly used 

in advanced battery 

technology and electrical 

equipment. Supply 

restrictions and 

0.40 The EU is 100% 

dependent on 

imports. Main 

producers DRC 

Congo and Zambia 

Cobalt is mainly mined as by-

product of nickel and copper. 

This makes for inelastic cobalt 

prices. EU has a leading 

position in the production of 



 

 

Mapping resource prices: the past and the future 

 

103 

Metal Price development, past and future Main risks for the EU Volatility 

1971- now 

EU import 

dependency 

Comments 

competition could 

adversely affect EU 

industry. Criticality 

assessed as high, with 

medium supply risk and 

high economic 

importance. 

dominate the market. 

Political instability in 

these countries 

threatens supply 

security and is a main 

cause of price 

fluctuations. 

cobalt powders and chemicals. 

This industry has a hard time 

securing feedstock as Chinese 

competitors enjoy state support 

and are less concerned with 

environmental health and 

safety issues. 

Indium Since 1971 the indium price has fluctuated strongly, 

averaging about 300 000 €/tonne. Prices are 

forecast to increase by 13-15% by 2020.  

The EU consumes less 

than 10% of global indium 

production, but indium is 

increasingly important for 

advanced electronics. It is 

considered a critical 

material with high supply 

risk. 

0.54 The EU is largely 

dependent on indium 

imports which 

originate mainly 

(>80%) from China.  

Indium is a by-product of Zinc 

production and is not mined 

separately. Recycling is low but 

is becoming increasingly 

widespread as prices increase. 

The market is mainly driven by 

demand for indium in flat panel 

displays. 

Rare earths The rare earth price is in fact an aggregate price of 

several REEs. REE prices have always been 

characterised by strong fluctuations but have 

recently gone through the roof (300-700% increase) 

in response to Chinese export restrictions. 

Investments in production capacity outside China 

are expected to cause prices to level off, but remain 

higher than the historic average due to persisting 

demand.  

Chinese export 

restrictions put end users 

of REEs in the EU at a 

competitive disadvantage. 

The main sectors affected 

are electronics and ‘green’ 

technologies.  

0.38 The EU is fully 

dependent on 

imports. Currently 

almost exclusively 

from China but for 

some REEs capacity 

outside China will 

become available 

soon.  

Rare Earths are used in many 

new technologies and are 

therefore of high economic 

importance. 
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Main observations 

All metals follow different price patterns with some common but many different drivers of price. Not 

all price fluctuations can be explained by supply and demand variations.  

 

Iron ore and aluminium appear most tied to general economic growth and demand from 

infrastructure and other construction. For iron ore other factors have been at work in the most 

recent years, with markets adapting to new trading mechanisms. Copper is also relevant here, but 

to a lesser extent, mostly tied to energy and telecommunications infrastructure. All are naturally 

abundant and widely produced. 

 

Copper, Indium, Cobalt and Rare Earths are more strongly tied to innovation and demand for 

advanced technologies, rather than overall economic growth, this makes them critical for advanced 

economies such as the EU. The criticality of these latter 3 metals does not depend so much on the 

reserve base. For most metals, reserves are sufficient or even abundant. The limiting factors are 

geopolitical and regard security of supply. The main problems are politically unstable export 

countries and/or export quotas and taxes. This makes them, and the EU, more vulnerable to supply 

restrictions. 

 

The impact of price fluctuations on the competitiveness of the EU industry is closely connected to 

the aforementioned issues. High commodity prices on a free, globalized market are usually in 

favour of the EU industry, as labour costs make up a relatively large portion of the cost structure of 

EU products. Rising commodity prices put less weight on labour costs relative to low-cost countries 

like China.  

 

However, price differences due to export quotas and/or taxes can put the EU industries at a 

competitive disadvantage towards the exporting countries. China is a large producer of many 

(critical) metals and their export restrictions do not affect the Chinese end-users of the raw material 

concerned. In such cases, exporting countries have a competitive advantage over importing 

countries. Political instability in export countries often goes hand in hand with disputed compliance 

with Environmental, Health and Safety (EHS) agreements and legislation. As a result of such 

issues, EU countries may not be able or willing to import raw materials from these exporters. Some 

other importers are less concerned with these issues and cut a deal with these exporting countries 

or even invest directly in production sites thereby securing (cheaper) supply of the raw material and 

putting EU industries at a competitive disadvantage.  

 

 

3.7.3 Aggregate price index for metals 

To construct our metals composite sub-index we aggregated 6 metals using average EU27 import 

values for 2008-2010 from UN Comtrade database. The following classifications were used: 

 Iron ore - iron ores & concentrates (HS code: 2601); 

 Copper – Refined copper cathodes (HS code: 740311); 

 Aluminium –unwrought aluminium (HS code: 7601); 

 Cobalt – Cobalt ores & concentrates (HS code: 260500); 

 Indium – Gallium, hafnium, indium, niobium and rh (HS code 811292);
174

 

 Rare earths – Rare-earth metals, scandium & yttrium, whether/not intermixed/interalloyed (HS 

code: 280530).  
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  There is no better disaggregation. For the purpose of the exercise this is even better as it incorporates more critical metals. 
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Table 3.21 shows weights for metals according to these criteria: 

 

Table 3.21 EU27 import values in million USD and the weights of metals 

Time Iron ore Copper Aluminium Cobalt Indium Rare earths 

2008 15 619 11 030 13 719 212 125 20 

2009 7 290 5 635 6 530 62 74 9 

2010 14 336 8 016 11 052 60 157 21 

average 

2008-2010 
12 415 8 227 10 434 111 119 17 

Weight 0.3964 0.2627 0.3331 0.0035 0.0038 0.0005 

Source: UN Comtrade, Ecorys own calculations. 

 

Using these weights, the following figure shows the aggregated metal price index. This shows a 

general trend of increasing metal prices over time. It is difficult to comment on price variations prior 

to 1981 as iron ore, which is the largest part of the index by weight (40%), was not included. Since 

1982 prices peaked in the mid-1980s before stabilising at relatively low levels until around 1998. 

Since 1998 aggregated metal prices have charted a strongly increasing trend, reaching more than 

double their 2000 levels by 2011. The increase in the index has been particularly driven in recent 

years by the increases in iron ore and copper prices as these have high combined weights within 

the index.  

 

Figure 3.43 Aggregated metal price index (2000=100) 
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Source: Ecorys own calculations based on UN Comtrade data. 

Note: Dotted line is only partial price series, 1971-1981 excludes Iron Ore (weight=40%), 2010-2011 excludes Cobalt, Indium, 

Rare Earths (combined weight=0.8%). 

The red trend line is plotted only for the full price series, 1982-2009. 
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4 Minerals 

4.1 Graphite 

4.1.1 Key facts 

Key facts Sand and gravel 

Description  Graphite is a soft polymer of carbon. It has the properties of both a metal and a non-

metal which is considered of high economic importance. It is used in steel and 

aluminium production, and the automotive industry due to its high thermal capacities, 

i.e. can be used as a mould for molten metals. Besides industrial purposes graphite is 

increasingly used for other purposes such as manufacturing of renewable energy 

sources, batteries, and nuclear power. Recycling is limited but graphite can be made 

synthetically from petroleum coke. 

Price definition Prices used are for natural graphite and decided by flake size, and purity of large flake 

(for example +80 mesh, 94 – 97 % purity). 

Trade scheme Global price guides – but small market with mostly direct private negotiation and trade. 

Trade flows EU imports 95 % of demand, primarily from China. 

Global volumes World production estimated at 1.1 million tonnes / year of which: China 65%, India 15%, 

Brazil 8%, Romania 2%, are the biggest individual producers.  

2009 global value €795 million, estimated at 2009 prices * global volumes. 

2009 EU value €17.6 million, estimated at 2009 prices * EU (Romania) volumes. 

EU Self-sufficiency 

ratio 2010 

13.2% 

Key sectors Steel and aluminium production, automotive industry, fuel cells, Li-ion batteries, ultra-

speed processors, semi-conductors. 

Environmental 

impact 

Graphite is inert with few health or environmental risks. The main environmental impacts 

derive from the energy, water and land use in mining and the use of acids in extraction 

and processing. 

Data source used USGS. 

Data coverage 1960 - 2009 Annual prices. 

Unit Original data source: USD/ metric tonne; 

Conversion to Euro using yearly exchange rates by Eurostat. 

Deflator MUV Index, 2011=100 (constant prices at year 2011 level). 

Anything other 

relevant for this 

specific resource 

Graphite is viewed by many as a similar resource as rare earths as it has a number of 

new technological innovations that are increasing demand and at the same time China 

controls a very large share of world production. 

Selection criteria Its material properties make it highly useful and likely to become more so. With supply 

concentrated in only a handful of countries, particularly China, graphite is seen as an 

important material with high supply risks by the EU and US.  

Outlook Forecast for prices to increase in all scenarios to a base scenario price of 1 035 €/tonne 

in 2020 (this forecast does not take into account the recent jump in graphite prices and 

hence is underestimated).  

Trend value Long term trend is of increase in real prices of 3.2% per annum during 1971-2009.  
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4.1.2 Past trends in resource prices and volatility 

Evolution of real prices 

The following figure plots the yearly prices in constant 2011 Euros per metric tonne of resource. 

 

Figure 4.1 Price of graphite in 2011 constant EUR per metric tonne, 1971-2009 

 
Source: data from US geological survey, calculations Ecorys. 

 

Price trends in graphite have charted a largely upwards trend over the period 1971-2009. While 

prices were relatively stable around 200 €/tonne during the 1970’s prices began to increase in the 

1980’s, peaking in 1985 at almost 800 €/tonne. Since then prices have fluctuated within the range 

of 400-800 €/tonne, with a sustained period of higher prices from 1999-2003. It is understood that 

price declines in the 1990’s were partly caused by the world’s biggest producer, China, ‘flooding’ 

the market with graphite. This kept prices low and forced many producers in other countries, e.g. 

Canada and Australia to mothball facilities opened on the basis of higher prices. A cartel of 8 

international graphite producers manipulated prices between 1992-1998, keeping them higher than 

otherwise, the firms were caught and fined by antitrust authorities in the EU.
175

 The latest price 

signals from our dataset chart an increasing path by 2009. Current spot prices indicate that nominal 

prices have since reached 1 875-2 250 €/tonne,
176

 more than doubling in value since 2009.  

 

Relation to inflation – the correlation coefficient between current prices of graphite and inflation 

(MUV index) can be judged very high at 0.928, indicating a statistical relationship between the two 

variables. Regressing inflation (+ constant) on current prices of Indium returns an R
2
 of 0.93. Given 

the very small size of the global graphite market it is unlikely that graphite prices have any 

significant effect on inflation.  

 

Key drivers of prices 

The key drivers of graphite prices can be summarised as follows: 

 Supply by China: as it produces over 60% of the graphite produced globally decisions by 

China have a major impact on prices. The imposition of taxes, export quotas and production 

disruptions can all drive up global graphite prices; 

 Changing uses: while use in industrial applications is relatively stable but expanding with the 

global economy, usage of graphite in high-growth and high-growth potential products such as 

                                                                                                                                                               
175

  EC (2001) Commission fines eight companies in graphite electrode cartel. IP/01/1010. Brussels, 18 July, 2001. 
176

  http://www.indmin.com/MarketTracker/197195/Graphite.html?id=GT-C – n.b. these prices are not used in our analysis as 

they are not consistent / verifiable with the data we have used for the whole period. 

http://www.indmin.com/MarketTracker/197195/Graphite.html?id=GT-C
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Li-ion batteries can have a significant impact on prices. Demand from the battery sector has 

been an important price driver in recent years alongside the mobile technology revolution. 

Prospects for increased demand also exist for graphene and nuclear power; 

 Substitutability: mined graphite is an important material but can be substituted for synthetic 

graphite, for which processes are improving. There are also substitutes in some other 

applications, for example cokes and molybdenum can also be used in some industrial 

applications. These developments tend to keep prices lower than they would be otherwise.  

 

Analysis of volatility 

Separating the price changes into ten year periods to 2009 as presented in the table below 

highlights the main trends by decade. The biggest price increases are seen in both the 1970’s and 

1980’s as the price rose by over 50% in each decade. It is notable that there was almost no change 

in prices between 2001-2009, with start and end points being very close, though there was price 

variation over this period. Overall, prices grew by over 235%, or 3% per annum over the whole 

period. The biggest increase experienced in the first half of this period (1971-1989). Volatility was 

relatively low within each decade, but over the full time period was higher, although still quite 

moderate.  

 

The primary causes of volatility appear to stem from strategic actions by China in providing excess 

or restricting graphite supply. The actions of the graphite cartel may have had some impact on 

volatility during the 1990s, although this would contribute to higher but more stable prices. Demand 

is an important factor in the market and in volatility, with new technological applications for graphite 

providing upward stimulus for prices and advances in synthetic production of graphite and 

substitute materials providing downward price stimuli. A final factor is the very small size of the 

market. This can lead to seemingly small events such as local strikes having a major impact on 

prices, contributing to high volatility. 

 

Table 4.1 Periodic changes in graphite prices, EUR / tonne, 2011 constant prices 

Years % Total change in 

prices 

Average annual % 

change (compounded) 

Volatility (coefficient of 

variation) 

1971-1980 58.6% 5.3% 0.231 

1981-1990 51.4% 4.7% 0.172 

1991-2000 19.6% 2.0% 0.202 

2001-2009 0.0% 0.0% 0.175 

Total 1971-2009 236.2% 3.2% 0.392 

1971-1989 301.5% 8.0% 0.528 

1990-2009 103.3% 3.8% 0.182 

 

 

4.1.3 Future trends in Fluorspar prices 

Model fit of past prices for estimating future prices 

Stationarity tests for the annual series show no stationarity for the entire 1971-2009 period (53% 

confidence), according to the Dickey-Fuller t-statistic of the unit root test with intercept and without 

trend. This implies that there is no trend break. The model with log converted variables and where 

the current value depends on one lag has the best fit in terms of R
2
, Durbin-Watson and t-statistics:  

 

log(Gr) = constant + coeff1 * log(Gr(-1))  
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The following figure presents the result and the estimated equation and the statistics. All 

coefficients are statistically significant with 99% confidence. The main problem with using this 

model for projections is the number of observations, since we have only yearly data, and the lack of 

stationarity. 

 

Figure 4.2 Model fit of yearly graphite prices in 2011 constant EUR per metric tonne, 1971-2009 
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Data 1 lag

GR = exp(0.526) * GR(-1)0.919, R2 = 0.878, DW = 1.49

 
Source: Ecorys calculations. 

 

Existing forecasts 

As a relatively small market, graphite has not been a major focus of investors or other stakeholders 

until recently as price increases, new technological applications and strategic supply concerns have 

emerged. Some analysts predict a price explosion in the near future, comparable to the price of 

rare earths. As this depends mainly on China’s decisions regarding export restrictions, any forecast 

is highly uncertain.  

 

Future price projections 

Due to the paucity of other data our projections are based almost solely on statistical modelling of 

past price movements between 1971 and 2009. We have developed three price scenarios, using 

the following parameters and assumptions of changes in them: 

 Brent crude oil prices in 2011 (€ per barrel);  

 World graphite production (metric tonnes); 

 Global GDP.  

 

Annual data for these measures is available, or has been estimated, for the period 1992-2010. 

Future projections of graphite prices are based on forecast changes in global GDP, while the model 

is calibrated by the other parameters. Global GDP is the most important factor in this due to the 

strong links of graphite consumption to the consumption of consumer goods such as mobile 

phones, laptops and other devices using Li-ion batteries, and the use of graphite in base-metal 

production.  

 

For the future price projection model all possible regression combinations were tried and the 

following equation turned out to have the best statistical properties in terms of t-statistics, R
2
 and 

DW. 

 

Log(In_const) = const + beta1*(Global_GDP) 

 

The projection model is most sensitive to the changes in global GDP. 
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The three price scenarios fitted to this model were defined as follows: 

 Base case: Brent prices to stay 80€/bbl 2012-2015, rising to 81€/bbl 2016-2020
177

, and Global 

GDP to grow at 2.0% per annum; 

 High case: Brent prices to grow to 84€/bbl by 2015, and to 97€/bbl by 2020. Global GDP 

assumed to grow at 2.5% per annum; 

 Low case: Brent prices to start at 75€/bbl in 2012, and to fall to 63€/bbl in 2012 by 2015, before 

growing to 68€/bbl by 2020.  

 

These scenarios were underpinned by an assumption for global graphite production to increase by 

3.2% per annum 2012-2020. 

 

The following graph shows the result in terms of constant (2011 €) graphite prices. Consistent with 

global GDP as the primary driving factor and the scenario forecast growth each scenario grows in 

line with these assumptions. In the base scenario graphite prices increase to 1 035 €/tonne by 

2020, an increase of 21% on 2009 levels, and annual growth of 1.9%. In the high scenario prices 

increase to 1 085 €/tonne by 2020, while in the low scenario prices increase to 990 €/tonne. Please 

note these projections do not take into the recent jump in graphite prices since our data go only 

until 2009. Good publicly available data on graphite prices are scarce. 

 

The modelled relationship between price and Global GDP is a simple positive relationship. This is 

consistent with factors examined in the previous sections. The factors highlighted as key drivers of 

prices and volatility are likely to be the biggest factors in major deviation from these trends.  

 

Figure 4.3 Projections of future graphite price scenarios (in constant 2011 €)  

 
Source: Ecorys calculations. 

 

 

4.1.4 Competitiveness analysis and behavioural impacts 

Production and consumption of graphite 

Natural graphite has both metallic properties such as electrical and thermal conductivity, and non-

metallic properties such as thermal resistance, inertness and lubricity.
178

 These properties make it 

an increasingly useful material for a variety of sectors. Applications include use as refractories, 

these are materials that are more heat resistant than metals and capable of withstanding extreme 

corrosion and physical wear from heat and chemical agents.
179

 They are therefore used to contain 

substances at extreme temperatures such as molten steel. More recently graphite is being 

                                                                                                                                                               
177

  All oil price projections are based on the latest EIA-US projection. High and Low are taken as the in-between values of the 

High and Low of EIA, to achieve a reasonable price spread.  
178

  USGS (2009) 2009 Minerals Yearbook: Graphite. http://minerals.usgs.gov/minerals/pubs/commodity/graphite/myb1-2009-

graph.pdf.  
179

  Refractories Institute (2008) http://www.refractoriesinstitute.org/aboutrefractories.htm.  

http://minerals.usgs.gov/minerals/pubs/commodity/graphite/myb1-2009-graph.pdf
http://minerals.usgs.gov/minerals/pubs/commodity/graphite/myb1-2009-graph.pdf
http://www.refractoriesinstitute.org/aboutrefractories.htm
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increasingly used in hi-tech products and lithium-ion (Li-ion) batteries. Other applications include 

nuclear reactor where graphite can be used as a pebble bed. In 2010 a material derived from 

graphite was developed, graphene, this has remarkable properties of strength, flexibility, and heat 

and electrical conductivity. There is potential for this new material to be quite revolutionary.  

 

Although demand for graphite from the technology sector will grow "new technologies [are] unlikely 

to overtake the graphite market demand for traditional end uses—such as refractories, metal 

casting, and lubricants—as the fundamental need for graphite in these lower value sectors [is] not 

going away."
180

 

 

Production of graphite only takes place in a handful of countries, with China dominating production 

(more than 80% of global production). Europe used to be a major producer of graphite. Many mines 

still exist and may be reopened as prices continue to rise
181

.  

 

Trade flows 

The key global exporter of graphite (HS code: 2504) in terms of trade value over the last 5 years 

(2007-2011) is predominantly China (57%). China is also the largest producer of graphite. The 

value of the global graphite market was over 1.6 bEUR in 2011. The key importers are Japan (23%) 

and USA (14%). Germany is also a significant importer of graphite (11%) which makes this market 

important for Europe. 

 

Figure 4.4 Top importers and exporters of graphite 

 
Source: UN Comtrade statistics. 

 

Summary of EU position 

The following table summarises the key statistics for the EUs relative position in graphite 

production, consumption and trade. 

                                                                                                                                                               
180

  Colin Cooper of Graphexel Ltd.at the Graphite 2011 conference in London. 
181

  http://www.indmin.com/MarketTracker/197195/Graphite.html?id=GT-C.  

http://www.indmin.com/MarketTracker/197195/Graphite.html?id=GT-C
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Table 4.2 Graphite production, consumption and trade flows 

Period 2002 2003 2004 2005 2006 2007 2008 2009 2010 
Change 

2002-10 

Global production 

('000 tonnes) 
932 999 1010 1030 1020 1100 1120 1090 - 17.0% 

EU production ('000 

tonnes) 
30 15 16 16 14 6 11 32 15 -50.0% 

% EU share of 

world production 
3.2% 1.5% 1.6% 1.6% 1.4% 0.5% 1.0% 2.9% - -0.3% 

Global 

consumption ('000 

tonnes) 

856.2 888.3 874.8 952.8 990.6 960.4 1051.9 1072.8 - 25.3% 

EU consumption 

('000 tonnes) 
124.4 107.5 115.7 128.0 105.4 123.6 165.2 82.6 113.7 -8.6% 

% EU share of 

world consumption 
14.5% 12.1% 13.2% 13.4% 10.6% 12.9% 15.7% 7.7% - -6.8% 

World imports ('000 

tonnes) 
396.8 407.3 527.6 560.9 594.2 734.3 645.6 540.5 634.5 59.9% 

EU imports ('000 

tonnes) 
97.9 98.1 105.3 116.0 96.5 122.7 158.7 55.3 103.2 5.4% 

% EU imports of 

EU consumption 
78.7% 91.2% 91.0% 90.6% 91.5% 99.3% 96.0% 67.0% 90.7% 12.0% 

World exports ('000 

tonnes) 
472.6 518.0 662.7 638.1 623.6 873.9 713.7 557.8 707.3 49.7% 

EU exports ('000 

tonnes) 
3.5 5.6 5.6 4.0 5.1 5.1 4.4 4.7 4.4 26.8% 

% EU exports of 

EU production 
11.7% 37.1% 35.1% 25.2% 36.2% 85.1% 40.1% 14.8% 29.6% 17.9% 

EU self-sufficiency 

ratio 
24.1% 14.0% 13.8% 12.5% 13.3% 4.9% 6.7% 38.7% 13.2% -10.9% 

Source: U.S. Geological Survey, UN Comtrade, Ecorys own calculations. 

 

The following conclusions can be made: 

 The EU production of graphite decreased by 50% during 2002-2010 – however, from the 

statistics it can be seen that the EU production is around 15 000 tonnes of graphite per year, 

with exceptional cases for 2002 and 2009, during which EU production doubled. The overall 

share of EU production in global production remained relatively constant over the years; 

 While world imports of graphite increased considerably (by 60%), EU imports increased 

till around 2008 and dropped considerably in 2009 – in 2010 EU imports doubled again 

against the 2008 drop. This shows, EU consumption of graphite changes considerably 

depending on industry demand and economic conditions in Europe; 

 EU self-sufficiency ratio decreased considerably until 2008, and increased in 2009 – this is 

consistent with the trends in EU production, with some exceptional years where production 

doubled. 
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Secondary markets, recycling and substitutability 

As graphite is relatively abundant in the earths crust, recycling has remained very limited. The high 

quality flake graphite is much scarcer and it could technically be recovered but this is not happening 

yet.
182

 Moreover, graphite can be made synthetically from petroleum coke.  

 

Among the examples when graphite is recycled are old electrodes and machine turnings. It is 

estimated that up to 75% of used graphite electrodes are suitable for recycling as new 

electrodes.
183

 In the future, it is expected that recycling of graphite will be required, in which case 

the health and safety precautions will be necessary. 

 

Criticality assessment for the EU 

EU has a 95% import depends of graphite, and as such is classified as one of the 14 critical raw 

materials by the European Commission. The supply risk as such is moderate but economic 

importance of this mineral is very high. The BGS ranks this material at 7 out of 10 on its relatively 

supply risk index scale, which makes it highly critical. 

 

The impact of price changes on the competitiveness of EU sectors 

Graphite is of vital importance to many EU industries. Important sectors are steel and aluminium 

production, automotive industry, fuel cells, Li-ion batteries, ultra-speed processors and semi-

conductors. Export restrictions by China will put their industries at a competitive advantage. An 

example is the production of electric vehicles. Their battery packs require large amounts of graphite 

(30-100 kg). Security of graphite supply is thus vital for manufacturers of electric vehicles. China 

has announced plans to become the biggest producer and is likely to ensure security of supply for 

its own industry.  

 

Completeness of price message 

Externalities 

Generally, negative impacts from graphite production are low. Graphite is mined in open pits as well 

as underground. Underground mining disturbs the subsurface and is associated with issues like 

landslides and groundwater pollution. Graphite mining is no exception but these impacts are low 

and local. Open pit mining disturbs the landscape and increases erosion rates, but again the 

impacts are minor.  

 

The main environmental impacts from graphite mills consist of air pollution including fine particulate 

exposure of workers and also limited soil contamination from powder spillages. An interesting 

environmental benefit may come from a technology that is currently under development in a US 

company. They are investigating the possibility to turn carbon dioxide emissions into high-purity 

synthetic graphite.
184

 

 

Market structure 

As (by far) the largest producer and exporter of graphite, China dominates the market (more than 

80% of global production). The Chinese market dominance, combined with the economical 

importance of graphite shows similarities with the rare earths market. Thus far, an important 

difference is that China has not imposed export quota on graphite. Industry participants, however, 

believe that it would not be surprising if China were to impose such export quotas in the short 
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  European Commission (2010) Annex V to the Report of the Ad-hoc Working Group on defining critical raw materials. 
183

  http://www.environment-agency.gov.uk/static/documents/Business/EPOW-recovering-critical-raw-materials-T5v2.pdf. 
184

  USGS (2009) 2009 Minerals Yearbook: Graphite. http://minerals.usgs.gov/minerals/pubs/commodity/graphite/myb1-2009-

graph.pdf.  

http://www.environment-agency.gov.uk/static/documents/Business/EPOW-recovering-critical-raw-materials-T5v2.pdf
http://minerals.usgs.gov/minerals/pubs/commodity/graphite/myb1-2009-graph.pdf
http://minerals.usgs.gov/minerals/pubs/commodity/graphite/myb1-2009-graph.pdf
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term.
185

 Europe is almost as dependent on China for graphite imports (95%) as on rare earth 

imports (~100%). Chinese export quota will thus severely disrupt the market. The difference with 

rare earths is that graphite reserves are much more spread. Graphite customers in Europe are 

already looking for new graphite sources to become less reliant on China.
186

 

 

Failure to recognise scarcity issue 

Natural graphite occurs in various types and qualities. The quality depends on the flake size and 

purity. The lower quality, or amorphous, graphite is abundant and found in many countries. The 

highest quality, referred to as vein or lump graphite, is rarest and thus far only commercially mined 

in Sri Lanka.
187

 Although the price for the higher quality graphite has been strongly increasing over 

the last years, some investors argue that it is still an undervalued commodity.
188

 It’s the market for 

this large flake graphite that has been growing most rapidly, driven by new applications.
189

 

 

Figure 4.5 Price development of high versus low quality graphite 

 

Source: Flinders Resources, 2011, Graphite Factsheet. 

 

Role of taxes and subsidies  

China currently levies a 20% export duty and 17% value-added tax on exports of graphite.
190

 There 

is debate among experts whether China will further tighten its export restrictions. Some argue that 

China wishes to protect its domestic market and control world trade.
191

 Others say that this strategy 

will not work in the long term, as customers will divert to other sources and production outside 

China will increase.
192
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  http://agmetalminer.com/2012/06/25/graphite-supply-all-set-to-go-the-way-of-rare-earths/.  
186

  Flinders Resources, 2011, Graphite Factsheet.  
187

  Moores, Simon, 2007, China draws in the West: Industrial Minerals, no. 481, October, p. 38–51.  
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  http://graphiteoneresources.com/investors/graphite_101/.  
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  Flinders Resources, 2011, Graphite Factsheet.  
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  http://agmetalminer.com/2012/06/25/graphite-supply-all-set-to-go-the-way-of-rare-earths/.  
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  http://www.mining.com/2012/06/26/investments-worth-their-weight-in-graphite-glen-jones/.  
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  http://www.mining.com/2012/04/18/tap-profits-in-the-growing-graphite-market-simon-moores/.  

http://agmetalminer.com/2012/06/25/graphite-supply-all-set-to-go-the-way-of-rare-earths/
http://graphiteoneresources.com/investors/graphite_101/
http://agmetalminer.com/2012/06/25/graphite-supply-all-set-to-go-the-way-of-rare-earths/
http://www.mining.com/2012/06/26/investments-worth-their-weight-in-graphite-glen-jones/
http://www.mining.com/2012/04/18/tap-profits-in-the-growing-graphite-market-simon-moores/
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4.2 Fluorspar (Industrial Mineral) 

4.2.1 Key facts 

Key facts  

Description  Fluorspar is the commercial name for the mineral fluorite (calcium fluoride, CaF2), 

which, when pure, consists of 51.1% calcium and 48.9% fluorine. Fluorspar has a low 

melting point, which makes it a valuable flux in smelting. It is also most commonly used 

in the manufacture of hydrofluoric acid. There are 3 fluorspar grades: acid (min 97% 

CaF2), metallurgical or ‘metspar’ min 80% CaF2) and ceramic (80-96% CaF2 and up to 

3% SiO2) grade. 

Price definition Price depends on the fluorspar grade and country of origin. The price used for this 

analysis is an estimation made by USGS according to this method: 

1900-1983: price = US production value/US production quantity for all grades; 

1984-1992: price = average value of US produced acid-grade fluorspar; 

1993-2006: price = US import value/US import quantity for consumption for all grades. 

Locally traded  The majority of fluorspar is traded on annual contracts negotiated between the buyer 

and the seller. Only small amounts are sold on the open market. Hence fluorspar can be 

considered as not globally traded. 

Trade flows Key exporters (2009): Mexico, Mongolia, China and South Africa together account for 

86% of all exports. Europe accounts for about 4% of global fluorspar production and for 

about 25% of global fluorspar imports. This implies heavy reliance on imports. These 

imports mainly come from Mexico (24%), China (27%) and from South Africa (25%). 

Belgium-Luxembourg is the key exporter in the EU, followed by Spain and Germany. 

There are no net exporters in Europe, all EU MS depend on imports. 

Key importers (2009): USA, Italy, Germany and Russia. 

Global volumes Key producers in 2009: China (55%), Mexico (18%), Mongolia (8%) of world production; 

World production 5 900 000 metric tonnes in 2010; 

EU production in 2010 = 217 857 metric tonnes, i.e. 3.7% of world production (Spain 

60.7%, Germany 27.2% and UK 12.1%). 

2010 Global value EUR 1.56 bn production value. 

2010 EU value EUR 57.5 million production value. 

EU Self-sufficiency 

ratio 2010 

28.5% 

Key sectors Manufacture of hydrofluoric acid (acid grade fluorspar, approx. 2/3 of world production) 

– pharmaceuticals, agrochemicals, fluorochemicals; 

Use as a flux in steelmaking and in the production of aluminium (metallurgical grade, 

approx. 1/3 of world production); 

Production of opaque glass and enamels (ceramic grade, a small proportion of world 

production). 

Environmental 

impact 

Fluorocarbon chemicals requiring hydrofluoric acid are listed as greenhouse gases. 

Originally, chlorofluorocarbons (CFCs) (refrigerant agents) were demonstrated to be the 

cause of ozone depletion. They were replaced by hydrogen-containing 

chlorofluorocarbons (HCFCs), which were banned by an EU regulation in 2010 (virgin 

HCFCs) and by 2015 all HCFC chemicals will be banned. HCFCs are being replaced by 

hydroflurocarbons (HFCs), which have no ozone-depleting potential but are listed as 

greenhouse gases, restricted by the Kyoto Protocol.  

Data source used USGS database. 

Data coverage 1900-2006 yearly data. 

Additional data 

sources 

Industrial minerals (www.indmin.com) price data, 2 years back till present in $/tonne 

against subscription.  

http://www.indmin.com/
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Key facts  

Unit USD/ metric tonne; 

Conversion to Euro: use of historical exchange rate. 

Deflator MUV, 2011=100 (constant prices at year 2011 level). 

Anything other 

relevant for this 

specific resource 

EU import dependence in 2006 = 69% - 25% of the fluorspar consumption of the EU is 

covered by domestic production, the rest is imported to a large extent from China; 

Global supply risk index in 2011 = 4.5 due to a share of imports coming from China; 

Recycling rate is estimated to be below 1% in the EU; 

Substitution possibilities appear to be limited. 

Selection criteria Fluorspar is one of the 14 critical raw materials identified by the European Commission 

based on the supply risk and economic importance. It is one of the key industrial 

minerals for which we have long time series of price data. 

Outlook Based on our forecast model, prices are expected to rise by 21.1% by 2020 compared 

to 2010 in a business as usual scenario, by 35% in a high-end scenario and by 8.7% in 

a low-end scenario. 

Trend value Long term trend is of decrease in real prices of 1% per annum during 1971-2006. 

 

 

4.2.2 Past trends in resource prices and volatility 

Evolution of real prices 

The following figure plots the yearly prices in constant 2011 Euros per metric tonne of fluorspar. 

 

Figure 4.6 Yearly fluorspar prices in EUR/tonne in constant 2011 prices 

 
Source: data from USGS, calculations Ecorys. 

 

Figure 4.6 shows the historical evolution of fluorspar real prices between 1971 and 2006 based on 

US production and import data. Fluorspar imports to the US come from Mexico (around 60%), 

China (around 28%) and the rest from South Africa and Mongolia. Europe also imports from Mexico 

(24%), China (27%) and from South Africa (25%). Since fluorspar is not globally traded, this price is 

only a proxy for the EU real prices. Moreover, these real prices are an estimate based on the US 

production and import values and quantities for all fluorspar grades. Up to around 1997, 

metallurgical grade fluorspar had always been around half the price of acid grade. However, since 
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1997, convergence in prices took place due to China’s large exports of acid grade fluorspar 

compared to metallurgical grade.
193

 

 

Real fluorspar prices have charted a general downward trend, however, with a considerable 

amount of price fluctuations, greater than most industrial minerals. Fluorspar prices depend on the 

market demand for hydrofluoric acid, chemicals, aluminium and steel. The prices started rising in 

1979 from EUR 130/tonne and reached its peak in 1985 at EUR 359/tonne, after which there was a 

decline until 1993 to EUR 82/tonne. From 1994 there has been a steady increase in real prices 

reaching around EUR 159/tonne in 2006.  

 

Not pictured on the graph, due to differing data sources and non-comparable measures, fluorspar 

prices rose rapidly between 2007 and 2009, according to the BGS, mainly due to a tightening 

supply as a result of increased consumption within China and the implementation of restrictive 

Chinese export quotas. The figure below shows the development of spot prices for fluorspar in 

Europe between June 2000 and December 2011.  

 

Figure 4.7 Spot prices for fluorspar in Europe (2000-2011) 

 
Source: http://www.tertiaryminerals.com/fluorspar.html.  

 

In mid-2009, there was a rapid decrease in prices due to weakened demand from the 

fluorochemical sector. However, prices still remained higher than in 2007 due to continued demand 

from the emerging economies and decreasing supply from China.
194

 During 2010, prices remained 

relatively constant. According to USGS, fluorspar prices began rising in 2011. Chinese fluorspar 

exhibited the largest increases due to increased production costs, appreciation of the Chinese yuan 

relative to the USD and rising demand.
195
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Relation to inflation – the correlation coefficient between current prices of fluorspar and inflation 

(MUV index) is rather moderate at 0.55. Moreover, regressing inflation (+ constant) on current 

prices of fluorspar returns an R
2
 of 0.45.

196
 From both these results it can be concluded that 

changes in current fluorspar prices follow changes in inflation to a moderate extent.  

 

Key drivers of prices 

The prices are generally set based on supply and demand of the commodity. Negotiated prices 

depend on the source of the mineral, the volume required, the grade/end-use, the quality, the 

additional processing requirements, the freight/shipping costs, the port handling fees, the 

warehousing/storage, the mineral inspection costs, the insurance and relationship between the 

buyer and seller.
197

 The key drivers of fluorspar prices are the following: 

 Market demand for hydrofluoric acid, chemicals, aluminium and steel: since this is where 

fluorspar is widely used for; 

 Supply forces, mainly regarding China: internal consumption, export duty (15%) or yuan; 

 Production costs: mining and freight costs – hence energy prices matter.  

 

Analysis of volatility 

There is one significant peak in real prices, that is in 1985, and one significant drop in real prices, 

that is in 1993. The reasons why must be further investigated, but one methodological reason could 

be the following: based on the methodology to determine unit value of fluorspar, data for 1984-1992 

were estimated as the average value of US produced acid-grade fluorspar. Price of acid-grade 

fluorspar is much higher than of other grades, which could have resulted in the peak in 1993, and if 

the US domestic production of fluorspar declined during this period, this could explain the drop in 

1993. Moreover, since 1993-2006, the methodology to estimate unit value of fluorspar changed 

from estimating the US production unit value to estimating the US import unit value. 

 

Separating the price changes into ten year periods up to 2006 and the corresponding volatility is 

presented in Table 4.3. 

 

Table 4.3 Periodic changes in fluorspar prices, EUR / tonne, 2011 constant prices 

Years % Total change in 

prices 

Average annual % 

change (compounded) 

Volatility (coefficient of 

variation) 

1971-1980 -39.6% -5.5% 0.209 

1981-1990 -24.1% -3.0% 0.299 

1991-2000 -6.5% -0.7% 0.252 

2001-2006 -9.0% -1.2% 0.110 

Total 1971-2006 -32.4% -1.0% 0.374 

1993-2006 92.3% 3.5% 0.239 

 

The peak in 1985 is accounted for in the period 1981-1990, this is why the overall % price change 

and volatility is not that extreme. When looking at decennia, the real fluorspar prices have been on 

the decrease, however, the period 1993-2006 saw a 92.3% increase in prices. The overall volatility 

during the entire period is higher on average than other minerals examined. The main reason is the 

changing demand from the industry.  
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  Using equation: Log(inflation) = constant + beta * Log(current fluorspar prices). 
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4.2.3 Future trends in Fluorspar prices 

Model fit of past prices for estimating future prices 

The stationarity tests confirm almost stationarity for the entire period 1971-2006 (91% confidence). 

This implies that there is no trend break in the series and the whole period could be used for 

forecasting.  

 

The model with log converted variables and where the current value depends on two lags has the 

best fit in terms of R
2
, Durbin-Watson and t-statistics.  

 

log(FL) = constant + coeff1 * log(FL(-1)) + coeff2 * log(FL(-2)) 

 

The following figure presents the result and the estimated equation and the statistics. All 

coefficients are significant with 99% confidence. This model could be used as a projection for the 

price development until 2020.  

 

Figure 4.8 Model fit of yearly prices of rare earths in 2011 constant EUR per metric tonne, 1971-2009 

 
Source: Ecorys calculations. 

 

Existing forecasts 

Based on an independent market study performed in March 2011, the company Canada Fluorspar 

assumed that the long-term price of fluorspar is US$425 per tonne (or around EUR 320/tonne). The 

cash operating costs for producing fluorspar are estimated at US$207.95 per tonne (or EUR 

157/tonne) of concentrate produced.
198

 The assumptions underlying these forecasts are not known. 

 

The South African company Sephaku Holdings expects fluorspar prices to stabilize over the next 

five years as environmental pressures moderate the demand. It is furthermore assumed that the 

price volatility previously caused by China will be moderated by the implementation of the quota 

system on exports which decreases Chinese supply of fluorspar to the world market. It is expected 

that the fluorspar price will be USD314,48/tonne (or EUR 237/tonne).
199

 
200

  

 

Traded globally, fluorspar pricing reflects its relative demand and supply as well as the surplus 

quantity available for export from countries with domestic production and demand. As China is the 
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world’s dominant producer, consumer and exporter of fluorspar, the Chinese export price for Acid-

spar represents a common benchmark price published on a regular basis.
201

 

 

Future price projections 

Our forecasts are based on our original analysis of price trends between 1971-2006, hence we did 

not take into account the significant increases after 2006. Our simple forecast model for fluorspar 

prices presents 3 scenarios using the following parameters and assumptions of changes in them: 

 Brent crude oil prices in 2011 € per barrel; 

 World fluorspar production (metric tonnes); 

 EU GDP (million EUR). 

 

The following forecast model showed the best statistical properties in terms of t-statistics, R
2
 and 

DW. 

 

Log(FL_const) = const + beta1*log(Brent_const) + beta2*log(World_prod) + beta3*log(EU_GDP) 

 

Three price scenarios are formed as follows: 

 Base case: Brent prices to stay 80-81 €/bbl, world fluorspar production to grow at 0.2% 

annually and EU GDP to grow at 1% annually. The projection model is most sensitive to the 

changes in the EU GDP. Substitution of these values into the regression equation leads to a 

projection for the yearly constant rare earths prices; 

 High case: Brent prices to grow to 97 €/bbl by 2020, world fluorspar production to grow at the 

same rate as in the Base case and EU GDP by 1.5% annually. Substitution of these values into 

the regression equation leads to a projection for the yearly constant fluorspar prices; 

 Low case: Brent prices to reduce to 68 €/bbl by 2020, world fluorspar production to grow at the 

same rate as in the Base case and EU GDP by 0.5% annually. Substitution of these values into 

the regression equation leads to a projection for the yearly constant rare earth prices. 

 

Since the past data could also be used for projections as shown above (data are nearly stationary), 

we also portray a fourth scenario of fluorspar prices based on the 2-monthly lags model (model fit 

projection).  

 

The following graph shows the result in terms of constant (2011 €) fluorspar prices.  
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Figure 4.9 Projection for fluorspar prices (in constant 2011 EUR) 

 
Source: Ecorys calculations.  

 

The results show that in a base case scenario we would expect fluorspar prices to increase from a 

2010 level of around 207 €/tonne to around 250 €/tonne in 2020, a total increase of 21.1% over the 

period. In the high scenario prices are forecast to increase to around 279 €/tonne in 2020, a total 

increase of 35.1% over the period. In the low scenario prices are forecast to increase to around 225 

€/tonne in 2020, a total increase of 8.7% over the period. The forecast model values are above the 

lag model values, which reach 193 €/tonne in 2020. This would be a decrease of 52% compared to 

the 2006 level (latest observed fluorspar price). This projection shows problems due to the short 

time series as well as due to missing the recent jump in oil prices and therefore leading to lower 

price projections.  

 

Comparing to long-term projections (beyond 2015) from the existing literature mentioned above, our 

forecasted prices based on the three scenario prices are within a similar range. 

 

 

4.2.4 Competitiveness analysis and behavioural impacts 

Production of fluorspar 

The identified worldwide fluorspar resources are estimated to 500 million tons of contained 

fluorspar. Major deposits of fluorspar can be found on every continent.
202

 Despite this wide 

distribution of reserves, 82% of the world’s fluorspar was produced by only three countries – China, 

Mexico and Mongolia.
203
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Table 4.4 Reserves, production and imports to the EU for fluorspar 

 Reserves (in 

1000t; 2010) 

 Production (in 

1000t; 2009) 

 Imports to EU (in 

1000t; 2007) 

 

USA n.a.  n.a.    

China 21 000 9.3% 3 000 58.8% 192 26.9% 

Kenya 2 000 0.9% 45 0.9% 44 6.1% 

Mexico 32 000 14.1% 925 18.1% 170 23.8% 

Mongolia 12 000 5.3% 280 5.5% 1.6 0.2% 

Morocco na  40 0.8% 13.9 2.0% 

Namibia 3 000 1.3% 60 1.2% 112.6 15.7% 

Russia na  210 4.1%   

South Africa 41 000 18.1% 180 3.5% 180.3 25.2% 

Spain 6 000 2.6% 110 2.2%   

Others 110 000 48.5% 250 4.9%   

Total 227 000  5 100  715  

Source: adapted from EC 2010:69f. 

 

In 2007, European countries only accounted for 4.2% of world production of fluorspar. The 

European share of world production is produced by Spain (57.8%), Germany (22.9%), United 

Kingdom (18.9%) as well as Turkey (0.4%).
204

 

 

Global production and trade in fluorspar has risen from less than 4.0 million tonnes (Mt) per year in 

1994 to 5.7Mt in 2007 and is projected to rise by 24% (1.3Mt) to 7.0 million tonnes by 2030.
205

 

 

Consumption of fluorspar 

Currently, world demand for fluorspar is 5,5million tons per year and is forecast to increase by 

1.5%/year. Demand is supported by established uses in fluxes in the steel industry and aluminium 

industries and is growing for acid grades used in the manufacture of fluorine chemicals including 

new and growing applications of high-tech and green technology products such as: 

 New generation low-greenhouse gas potential refrigerants, propellants and propants; 

 Fluoropolymers; 

 Super-magnets for wind turbines and electric vehicle motors; 

 Lithium battery electrolytes (LiPF6).
206

 

 

Table 4.5 shows the main end-use markets for fluorspar worldwide. Most of the mineral is used in 

the chemical industry as a starting material for the production of hydrofluoric acid which is used in 

the production process of electronics, computer chips, printed circuit boards, refrigerants and air-

conditioning, and thermal insulation. Fluorspar is also used in the aluminium and steel industry to 

lower the melting point and to increase the fluidity of the slag. Other consumers of fluorspar are 

producers of glass, glass fibres and of cement. (EC 2010:71). 
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Table 4.5 The main end-user markets for fluorspar 

Main end-use markets for fluorspar 

Chemicals 60% 

Steel 20% 

Aluminium 12% 

Cement 4% 

Glass and glass fibers 2% 

Other 2% 

Source: Adapted from EC 2010:71. 

 

Trade flows 

In 2009, the main exporting countries of fluorspar (HS code: 252921 and 252922) were Mexico, 

Mongolia, China and South Africa, together accounting for 86% of all fluorspar exports. The leading 

importing country is the USA, followed by Italy, Germany and Russia (BGS 2011:11). 

 

Figure 4.10 Key importers and exporters of fluorspar 

 
Source: UN Comtrade. 

 

In 2007, only 25% of the fluorspar consumption of the European Union was produced by EU 

member states, mainly by Spain, but also by Germany, the UK and Romania. The majority was 

imported from China, South Africa or Mexico. Because of the high dependence on Chinese imports 

and thereby caused huge price increases, there are new fluorspar operations in Bulgaria since 

2009. Other projects are planned in Germany, Sardinia and Sweden (EC 2010:70). 

 

Summary of EU position 

The following table summarises the key statistics for the EUs relative position in fluorspar 

production, consumption and trade. 

 

Table 4.6 Production, consumption and trade flows in fluorspar 

Period 2002 2003 2004 2005 2006 2007 2008 2009 2010 
Change 

2002-10 

Global production 

(million tonnes) 
4.45 4.85 5.22 5.36 5.66 5.72 5.99 5.46 

 
22.7% 

EU production 

(million tonnes) 
0.42 0.36 0.34 0.38 0.30 0.26 0.23 0.19 0.22 -48.1% 

% EU share of 

world production 
9.4% 7.4% 6.5% 7.1% 5.4% 4.5% 3.9% 3.5% 

 
-5.9% 
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Period 2002 2003 2004 2005 2006 2007 2008 2009 2010 
Change 

2002-10 

Global 

consumption 

(million tonnes) 

3.66 5.07 5.31 5.58 6.06 6.09 6.47 6.06 
 

65.6% 

EU consumption 

(million tonnes) 
0.93 0.93 1.01 1.03 0.96 0.94 0.89 0.61 0.77 -17.3% 

% EU share of 

world consumption 
25.3% 18.3% 19.0% 18.4% 15.9% 15.5% 13.8% 10.1% 

 
-15.2% 

World imports 

(million tonnes) 
2.12 2.64 2.62 2.70 2.74 2.73 2.86 1.95 2.43 15.0% 

EU imports (million 

tonnes) 
0.54 0.59 0.69 0.65 0.69 0.73 0.71 0.48 0.61 13.4% 

% EU imports of 

EU consumption 
58.0% 63.4% 68.5% 63.8% 71.4% 77.3% 79.2% 78.3% 79.5% 21.5% 

World exports 

(million tonnes) 
2.91 2.41 2.53 2.48 2.34 2.36 2.38 1.35 1.94 -33.4% 

EU exports (million 

tonnes) 
0.03 0.02 0.02 0.01 0.03 0.04 0.05 0.06 0.06 97.1% 

% EU exports of 

EU production 
7.4% 5.7% 6.0% 2.2% 8.8% 16.2% 20.7% 30.5% 28.1% 20.7% 

EU self-sufficiency 

ratio 
45.3% 38.8% 33.5% 37.0% 31.4% 27.1% 26.2% 31.2% 28.5% -16.9% 

Source, USGS, UN Comtrade, Ecorys own calculations. 

 

The following conclusions can be made: 

 The EU accounts for a small and declining share of global fluorspar production - EU 

production of fluorspar decreased by almost 50% between 2002 and 2009; 

 The EU consumption of fluorspar decreased by 17.3% between 2002 and 2010 but this 

might be due to decreased production – EU imports still increased by 13.4% during this 

period, hence the reliance on imports has increased; 

 Europe is more and more relying on imports to meet its consumption needs – this can be 

seen from the decreasing EU self-sufficiency ratio, by almost 17% points between 2002 and 

2010. This implies, EU production is not meeting sufficiently EU consumption needs.  

 

Criticality assessment for the EU 

Fluorspar has been recognised as a critical raw material at EU level due to its high relative supply 

risk and its high relative economic importance. The importance for the economy of a raw material is 

measured by breaking down its main uses and attributing to each of them the value added of the 

economic sector that has this raw material as input. The economic importance of fluorspar amounts 

to 7,5/10. Compared to materials with a lower economic importance score, this means that in case 

of supply restrictions for fluorspar, the potential impact could affect a larger part of the economic 

value chain in terms of value added than other materials.
207,208

 

 

Substitutability is limited and recycling rates are very low (estimated to be below 1% in the EU)
209

. 

This makes this resource even more critical for the EU. 
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The impact of price changes on the competitiveness of EU sectors 

The EU is a large consumer of fluorspar. It is an important resource for many sectors, especially in 

the form of hydrofluoric acid. Some important uses are listed in Section 4.1.4 under ‘Consumption 

of fluorspar’, but there are many more uses for this raw material.  

 

In Elsevier Science Journal ‘Sealing Technology’, the technical editor notes that fluorspar supply is 

not only “a major concern to the sealing industry this supply problem will affect many other 

manufacturing industries including automotive, white goods and the emerging solar energy sector 

all of which use derivatives of fluoropolymers for a range of components. I believe at least one 

automotive manufacturer has had to interrupt production while a replacement component was 

developed.”
210

 

 

Mining of fluorspar is very capital intensive. Regarding cost structure of fluorspar production, we 

provide estimates of production costs provided by the Canada Fluorspar company. 

 

Table 4.7 Capital costs of fluorspar production 

 
Source: Canada Fluorspar Inc. (2011); Note: LOM = Life of Mine. 

 

From the table above you can see that start up costs are primarily mining and preparing the 

infrastructure, corresponding to around 50% each of total pre-production costs. One the 

infrastructure and facility is in place, the mining costs decrease and around 50% of these costs 

corresponds to mining. 

 

Regarding annual operating costs, table below, mining corresponds to more than 50% of total 

operating costs. 

 

Table 4.8 Operating costs of fluorspar production 

 
Source: Canada Fluorspar Inc. (2011). 

 

Hence a price increase in fluorspar prices might not lead to a dramatic change in EU production 

since the start up costs are very high – and hence there might not be new entrants on the market, 

but there might be more mining on the market. The change in production will also depend on 
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whether there will be sufficient demand for fluorspar from industry players, which might mean the 

price will adjust with a lag related to the time needed for mining (a lag in supply response). 

 

Completeness of price message 

Externalities 

Negative externalities are associated with fluorspar consumption rather than production. The use of 

fluoride in the form of CFCs has already been banned due to the adverse effects it had on the 

ozone layer. The USGS notes that “there continues to be concern among environmental groups 

and some scientists over the possible health effects of fluorides, especially on certain age groups. 

In response to research that appears to offer evidence for the carcinogenicity of fluoride in young 

boys, a coalition of U.S. Environmental Protection Agency (EPA) unions has requested a 

moratorium on the national program of the U.S. Public Health Service to fluoridate all U.S. public 

water supplies. In a related fluoride issue, environmental groups have petitioned the EPA to retract 

the recently finalized fluoride pesticide tolerances on food. The rule pertains to the fluoride-based 

pesticide, sulfuryl fluoride, which is used as a pesticide in the structural fumigation industry, but has 

now been approved as a fumigant to replace the ozone depleting chemical, methyl bromide, in the 

food processing, grain milling, and stored commodity industries”
211

. 

 

Market structure 

China used to dominate fluorspar exports but lost this position after imposing export restrictions. In 

response, countries as Mongolia, Russia and Namibia increased production and are now already 

leading producers. Due to their limited reserves and huge demand, China is expected to become a 

net importer of fluorspar in the near future. Some predict that this will happen within 7 years
212

. 

 

Failure to recognise scarcity issue 

The figures below shows the estimated amounts of fluorspar that is still in the earth’s crust and its 

geographical distribution. The first figure shows the total amount of fluorspar left, referred to as the 

‘reserve base’, the second figure shows the remaining amount of fluorspar that is commercially 

available, the ‘reserve’. It has to be noted that there is probably a large margin of error incorporated 

into these estimates. It would be a highly unlikely coincidence that world reserves would be exactly 

50% of the world “reserve base”.
213

 

 

Figure 4.11 Geographic location of known fluorspar reserve base  

 
Source: data reported by Miller, 2008.

214
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Figure 4.12 Geographic location of known fluorspar reserves 

 
Source: data reported by Miller, 2008. 

 

At the current rate of global production, the reserves would last for less than 50 years. In the most 

optimistic assumption that all available fluorspar could eventually be extracted, the reserve base 

would still be depleted within 100 years.  

 

Role of taxes and subsidies  

China has both export quota and export duties on fluorspar in place. The export quota was 550,000 

tonnes in 2009.
215

 On top of that, China levies a 15% export duty on fluorspar and has 

subsequently lost some of its market dominance. Still, this export restriction strongly influences the 

market.  

 

The Chinese Government has announced that it would reduce export taxes to zero and give more 

financial support to exporters as it tries to increase its share of global trade in the current economic 

downturn.
216

 

 

 

4.3 Sand and gravel (construction) 

4.3.1 Key facts 

Key facts Sand and gravel 

Description  Sand and gravel is a mineral material that is used primarily in construction.  

Price definition USD per metric tonne construction sand and gravel. 

Locally traded Locally traded - the weight, bulk, low value and high availability of sand and gravel make 

it uneconomic to transport over long distances, therefore local supplies are used.  

Trade flows Limited – imports and exports represent 5% or less of total EU production. Within EU 

major net exporters by volume are: DE, NO, UK; major net importers are: NL, BE.  

Global volumes No global data available. EU production of 2 488 million tonnes in 2009.  

Key sectors Construction.  

Environmental 

impact 

Stems primarily from disruption in extraction, dust and potential groundwater impacts.  

Data source used USGS. 

Data coverage 1960 - 2009 yearly prices. 

Additional data 

sources 

Varies nationally. 
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Key facts Sand and gravel 

Unit Original data source: USD/ metric tonne; 

Conversion to Euro using yearly exchange rates by Eurostat. 

Deflator MUV Index, 2011=100 (constant prices at year 2011 level). 

Selection criteria Sand and gravel is a crucial construction mineral resource, it is essential for roads and 

building materials. Its strategic importance to the built environment make it useful to look 

at price trends.  

Outlook Our forecast model projects a slight increase of sand and gravel prices by 2020 (around 

3-6% increase compared to 2010 values). 

Trend value Long term trend is of increase in real prices of 0.4% per annum during 1971-2009.  

 

 

4.3.2 Past trends in resource prices and volatility 

Evolution of real prices 

 

Figure 4.13 Price of sand and gravel in 2011 constant EUR per metric tonne, 1971-2009 

 
Source: data from US geological survey, calculations Ecorys. 

 

Real prices for construction sand and gravel have a generally upward trend between 1971 and 

2009. There are two peaks visible, one in 1984 and the other in 2001. The prices returned to the 

pre-1984 peak relatively fast, while they settled at a higher price after the 2001 peak. These peaks 

might be related to the oil price developments, since construction is most likely linked to changing 

costs of transportation, as transport costs are typically the major cost factor for sand and gravel, 

sometimes exceeding the sale price at the plant.
217

 Prices can also vary significantly with demand 

from the construction sector and spending on major infrastructure, the increasing trend since 1995 

showing some correlation with a long period of economic growth in the US. Environmental 

protection policies can also impact prices as these serve to restrict the sources of supply that can 

be utilized.  

 

Relation to inflation – the correlation coefficient between current prices of sand & gravel and 

inflation (MUV index) is rather high at 0.87. Moreover, regressing inflation (+ constant) on current 

prices of sand and gravel returns an R
2
 of 0.87.

218
 From both these results it can be concluded that 
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changes in current sand and gravel prices follow changes in inflation quite closely. However, there 

is limited data available to derive any meaningful conclusions. 

 

Key drivers of prices 

The sand and gravel price is understood to be driven by four key factors, the first three of which all 

tend to push prices up: 

 Transport prices: the price of oil drives transport costs which are highly significant to sand and 

gravel prices to end-customers; 

 Construction sector growth: Construction sector growth can put pressure on supplies which, 

given the heavy nature of extraction and the environmental restrictions in place, cannot always 

respond quickly, although there is rarely more than a local shortage of available resources; 

 Environmental regulation of supply sites: restricting potential supplies; 

 Substitution for crushed rocks and other aggregate materials: sand and gravel prices can 

also be influenced downwards by changes in demand caused by competition from substitute 

materials, such as crushed rocks, in some countries, for example Sweden, there has been a 

significant long term switch away from sand and gravel to crushed rock as a construction 

material.
219

 

 

Analysis of volatility 

The table below shows the main trends by decade as well as their volatility per decade and the 

overall period. The numbers show that the volatility of the sand and gravel price is relatively low.  

 

Table 4.9 Periodic changes in sand and gravel prices, EUR / tonne, 2011 constant prices 

Years % Total change in 

prices 

Average annual % 

change (compounded) 

Volatility (coefficient of 

variation) 

1971-1980 -37.4% -5.1% 0.17 

1981-1990 -12.0% -1.4% 0.24 

1991-2000 75.9% 6.5% 0.23 

2001-2009 -23.6% -3.3% 0.16 

Total 1971-2009 16.1% 0.4% 0.25 

1990-2009 158.6% 5.1% 0.24 

 

 

4.3.3 Future trends in Fluorspar prices 

Model fit of past prices for estimating future prices 

Stationarity tests for the monthly series confirms close to stationarity for the entire 1971-2009 

period (92% confidence), according to the Dickey-Fuller t-statistic of the unit root test with intercept 

and without trend. This implies that there is no trend break and the whole period could be used 

safely for future projections. Therefore the period 1971-2009 could be a good measure to build a 

simple price projection model. However, since the number of observations is limited, careful 

interpretation of the results is necessary. The model with log converted variables and where the 

current value depends on two lags has the best fit in terms of R
2
, Durbin-Watson and t-statistics.  

 

log(SG) = constant + coeff1 * log(SG(-1)) + coeff2 * log(SG(-2)) 

 

The following figure presents the result and the estimated equation and the statistics. All 

coefficients are statistically significant with 99% confidence. This model could be used as a 
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projection for the price development until 2020 (with some caveats with respect to the low number 

of observations).  

 

Figure 4.14 Yearly sand and gravel prices in constant 2011 terms 

 
Source: Ecorys calculations. 

 

Existing forecasts 

As more sand and gravel is extracted, the deposit quality will inevitably decrease. This is expected 

to result in a steady price increase. Tighter environmental and land use legislation is another factor 

that will probably cause sand and gravel prices to rise in the future.
220

  

 

Future price projections 

Based on our original analysis of price trends between 1971 and 2011 we have developed a 

forecast model for sand and gravel prices that presents three scenarios. Our projection of constant 

Sand and gravel prices is done using the following parameters and assumptions of changes in 

them: 

 Brent crude oil prices in 2011 € per barrel;  

 World Sand and gravel production (metric tonnes); 

 EU27 Sand and gravel exports (metric tonnes); 

 EU34 Sand and gravel imports (metric tonnes); 

 Global and EU GDP (million EUR). 

 

Annual data for all these measures is available for the period 1992-2010. The following forecast 

model chosen showed the best statistical properties in terms of t-statistics, R
2
 and DW. 

 

Log(SG_const) = const + beta1*log(Brent_const) + beta2*log(SG_World_Prod)  

 

Three price scenarios are formed as follows: 

 Base case: Brent prices to stay 80-81 €/bbl, world sand and gravel production to decrease by 

0,4% annually and EU GDP to grow at 1% annually. The projection model is most sensitive to 

the changes in the oil price. Substitution of these values into the regression equation leads to a 

projection for the yearly constant sand and gravel prices; 

 High case: Brent prices to grow to 97 €/bbl by 2020, world sand and gravel production to grow 

at the same rate as in the Base case and EU GDP by 1.5% annually. Substitution of these 
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values into the regression equation leads to a projection for the yearly constant sand and gravel 

prices; 

 Low case: Brent prices to reduce to 68 €/bbl by 2020, world sand and gravel production to 

grow at the same rate as in the Base case and EU GDP by 0.5% annually. Substitution of these 

values into the regression equation leads to a projection for the yearly constant sand and gravel 

prices. 

 

Since the past data could also be potentially used for projections as shown above (data are nearly 

stationary), we also portray a fourth scenario of sand and gravel prices based on the 2-yearly lags 

model (model fit projection). This projection shows a perfect low case scenario where sand and 

gravel prices would drop by almost 20% compared to the 2010 level (reaching EUR 5/tonne in 

2020). 

 

Figure 4.15 shows the result in terms of constant (2011 €) Sand and Gravel prices.  

 

Figure 4.15 Projections for sand and gravel in constant 2011 Euros 

 
Source: Ecorys calculations. 

 

The results show that in a base case scenario we would expect fluorspar prices to increase from a 

2010 level of around 5.6 €/tonne to around 5.7 €/tonne in 2020, a total increase of 2.7% over the 

period. In the high scenario prices are forecast to increase to around 5.9 €/tonne in 2020, a total 

increase of 6.4% over the period. In the low scenario prices are forecast to decrease to around 5.5 

€/tonne in 2020, a total decrease of 0.7% over the period. The forecast model values are close to 

the lag model.  

 

 

4.3.4 Competitiveness analysis and behavioural impacts 

Production and consumption of sand and gravel 

Sand and gravel is produced on land as well as at sea. Most production (~90%) is land based and 

mined in open pits. The material can often be excavated directly from the ground and require no 

drilling or blasting. EU produces annually around 2.5-3 billion tonnes of sand and gravel and 

crushed rock.
221

 There are no global data available. 
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The costs of production vary widely depending on geographic location and the nature of the deposit 

and product.
222

 Although costs of labour and energy have increased over the years, more efficient 

production has kept the sand and gravel price rather stable.  

 

Trade flows 

The figure below shows the top importers and exporters of stone, sand and gravel (HS codes: 

2505, 251710). Stone is included as UN Comtrade does not provide data for sand and gravel 

separately. The average EU27 import value of stone, sand and gravel during 2007-2011 is USD 

400 million. The average EU27 export value of these resources is around USD 220 million. 

 

Figure 4.16 Key importers and exporters by trade value 2007-2011 

 
Source: UN Comtrade statistics. 

 

The impact of price changes on the competitiveness of EU sectors 

As prices are not expected to increase dramatically, this is not expected to be an issue. In the case 

of a strong price increase, the market will turn to crushed stone. Crushed stone can substitute for 

sand and gravel in most cases.
223

 Sources for crushed stone are usually located in areas where 

land use competition is less pressing and hardly suffer from depletion. At the other hand, the end 

users of the material (construction sector), are mostly in less rocky terrain and thus further from 

stone mining sites. End users of sand and gravel, mainly the construction sector, do not trade their 

products on the international market. Competitiveness issues are therefore not relevant here.  

 

Completeness of price message 

Externalities 

Sand and gravel mining can have significant impacts on the environment. The main Environment, 

Health and Safety (EHS) impacts from sand and gravel production are related to air and water 

quality. Water runoff from mining sites can pick up pollutants such as debris, pesticides, petroleum 

products, chemicals, solvents, asphalts and acids which may contribute to water quality 

problems.
224

 Air quality problems caused by sand and gravel production result from
225

: 

 Dust and diesel fumes generated on the haul road to and from the mine; 

 Fugitive dust blowing from the uncovered or partially covered dump trucks; 

 Fugitive dust from poorly monitored crushers and out-of-compliance operations; 

 Fugitive dust from piles of sand and gravel at the construction sites; 
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 Fugitive dust from the spreading of sand and gravel at the construction site, whether highway or 

building construction; 

 Increased traffic (highways) or population (building construction), with a concomitant increase in 

air pollution from more vehicles (highways and rural roads) and more disturbed land (building 

construction); 

 Increased air pollution from some sand and gravel mines after they are abandoned and until 

natural re-vegetation stabilizes the surface soil. 

 

Market structure 

Due to the low value per unit weight of sand and gravel, international trade is minor. It is usually not 

shipped more than a few hundred miles from its source
226

. Transport costs are often higher than the 

unit costs at the production site. On a local and regional level though, there is strong competition in 

the market. The majority of the producers are small and medium sized enterprises
227

.  

 

Failure to recognise scarcity issue 

Sand and gravel resources are abundant; scarcity is not an issue. There may, however, be 

shortages on a local scale. Areas with a high concentration of sand and gravel end users will 

increasingly depend on more distant sources.  

 

Role of taxes and subsidies  

The sand and gravel market is not distorted by taxes and/or subsidies. At a European level though, 

an environmental tax is considered. Such a tax already exists in some countries (e.g. Sweden, UK). 

The rationale for introducing the gravel tax was primarily environmental, with concerns about 

resource scarcity, water quality and preserving the landscape.
228

 

 

 

4.4 Phosphate rock (fertilizer) 

4.4.1 Key facts 

Key facts  

Description  Phosphorus is an essential element for plant and animal nutrition. Phosphate rock is the 

essential raw material of phosphate fertilizers used to enhance crop growth. There are 

no substitutes for phosphorus in agriculture. Phosphate rock resources occur principally 

as sedimentary marine phosphorites, geographically concentrated in a few countries 

(Northern Africa, China, the Middle East, and the United States). Other large phosphate 

resources have been identified on the continental shelves and on seamounts in the 

Atlantic Ocean and the Pacific Ocean, but cannot be recovered economically with 

current technology. 
229

 

Price definition Price of phosphate rock (Morocco), 70% BPL, contract, f.a.s. Casablanca based on 

World Bank commodity price information. 

Globally traded  Globally traded. 

Trade flows Although China is the biggest producer it uses the majority of its own output. Morocco is 

the world’s leading exporter, supplying more than one-third of global exports. Finland is 

the largest producer of phosphate rock in the EU which is otherwise dependent on 
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Key facts  

imports. In 2010, South Asia represented the largest phosphate rock importer, 

accounting for about 23% of global imports. It is followed by West Europe (16%) and 

East Asia (15%).
230

 Within Europe, Lithuania is the biggest importer (1,35 million tonnes 

in 2010).
231

 In general, the consumption of phosphorous fertilizer has been declining in 

West and North European countries, but rising in Eastern Europe.
232

 

Global volumes In 2009 world total production of phosphate rock was 159 million metric tonnes. The top 

three producer countries account for approximately 60% of world phosphate rock 

production. China is the largest producer (38%) and consumes almost all of its supply 

internally. The US (16%) is the second largest producer and consumer although its 

production has declined by approximately 25% since the beginning of the decade. 

Morocco (11%) is the third largest producer and, as noted above, the number one 

exporter. Finland is the only producer in EU, producing 0.66 million tonnes in 2009, or 

approximately 0.4% of world production.
233

 

2010 global value €23.5 billion estimated. 

2010 EU value €100 million. 

EU Self-sufficiency 

ratio 2010 

10.2% 

Key sectors According to the BGS(2011) approximately 90% of phosphate rock production is used to 

produce fertilizers. The remainder is used in the manufacture of animal feed 

supplements, detergents and many other minor applications.  

Environmental 

impact 

Phosphorus mining and mineral processing can cause pollution of surface and ground 

water supplies. Its excessive use as a fertilizer can lead to pollution and eutrophication. 

Data source used World Bank. 

Data coverage 1960-2011. Monthly prices. 

Additional data 

sources 

European mineral statistics 2005-09, BGS World Mineral production 2006-1010, and 

USGS. 

Unit USD/ metric tonne; 

Conversion to Euro using yearly exchange rates by Eurostat. 

Deflator MUV Index, 2011=100 (constant prices at year 2011 level). 

Anything other 

relevant for this 

specific resource 

EU is dependant on imports of phosphate rock. In 2010 EU27 consumed 8.274.000 

tonnes, of which 7.518.000 tonnes were imported. In contrast, only 62.000 tonnes were 

exported.
234

  

Selection criteria Phosphate is a critical input for phosphate fertilizers used for crops and the EU has 

significant import dependence. Supply disruption or large changes phosphate rock 

prices could have significant impacts on the EU agricultural sector. 

Outlook Our forecast model shows that phosphate rock prices are expected to decrease by 

around 40-50% compared to 2011 levels. This projection is based on past monthly data 

up to December 2011, oil price projections, world phosphate rock production trend and 

global GDP. World Bank estimates predict a 36% decrease in phosphate rock prices 

between 2012 and 2020. 

Trend value Long term trend is of increase in real prices of 2.7% per annum during 1971-2011.  
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4.4.2 Past trends in resource prices and volatility 

Evolution of real prices 

 

Figure 4.17 Price of phosphate rock in 2011 constant EUR per metric tonne, 1971-2011 
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Monthly phosphate rock prices (in €/mtonne and constant 2011 prices)

 
Source: data from World Bank, Ecorys calculations. 

 

Phosphate rock prices have been relatively stable but characterized by two major fluctuations 

during the last 50 years. The two major peaks in prices occurred in 1975 and 2008. Prices peaked 

in June 1974 at over 154 euros/tonne, nearly four times higher than a year previously. This peak 

was led by a decision by the Moroccan government to treble prices, which was followed by similar 

price increases by other producers. The price peak proved short lived as the rapid increase led to a 

sharp decline in demand, nevertheless the decision in Morocco and a few other supplier countries 

illustrated the power that could be exerted in situations of resource scarcity. 

 

Following this peak prices returned to previous levels by the late 1970s. Prices rose again through 

the early-mid 1980s before again returning to a €30-70 /tonne range from the late 1980’s through to 

2007. The second major price spike started in December 2007, with prices jumping from under €60 

/ tonne in November 2007, to €318/tonne in October 2008. The causes for this price spike are 

thought to be a combination of factors but most closely linked to increasing demand for fertilizers 

linked to economic growth and dietary change in emerging economies (i.e. eating more meat, which 

requires more grain and therefore fertilizer), the growth in biofuel crops and because of this 

increased links to the more volatile oil price, capital flight to commodities such as potassium rock at 

the peak of the financial crisis of 2007-8, the global ‘food crisis’ of 2008 and continuing fears over 

scarcity of supplies. The coincidence of all these factors at the same time leading to the significant 

price increases.  

 

Prices declined back to around €65 / tonne by November 2009, as financial markets stabilized, food 

prices fell and more questions were asked on the morality (taking food from the poor to fuel the cars 

of the rich), rationale and sustainability for massive growth in biofuels. Prices have since begun 

increasing again, standing at around €150 /tonne in 2011, more than double the price maximum in 

previous decades. This latest increase may be more sustained, driven more by the long term 

increase in demand for crops that is driving food prices higher, enabling farmers to make higher 

profits and invest in more fertilizer, which will raise yields higher still. The extent to which this may 

prove a continuing upwards circle is unclear, with increases in supply driven by higher fertilizer use 

typically expected to lead to reduced prices, for now though it appears the additional supply is being 

outstripped by increases in demand, this is driving phosphate rock prices higher.  
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Relation to inflation – the correlation coefficient between current prices of phosphate rock and 

inflation (MUV index) is moderate at 0.432. Moreover, regressing inflation (+ constant) on current 

prices of phosphate rock returns an R
2
 of 0.37.

235
 From both these results it can be concluded that 

changes in current phosphate rock prices follow changes in inflation to a moderate extent.  

 

Key drivers of prices 

The price of phosphate rock is understood to be driven by the following specific key factors: 

 Lack of substitutes and increasing demand for phosphate fertilizers: as there are few 

effective and accepted substitutes for phosphate fertilizers, as the global population grows the 

demand for food and therefore phosphate-based fertilizers will increase. Alternative farming 

practices, using less fertilizer, can be used and are becoming more popular in Europe and North 

America but this can also lead to reduced yields; 

 Dietary change in emerging economies: not only is the population growing but in emerging 

economies increased income is leading to changing diets, with increased meat consumption. 

This requires more grain and therefore higher demand for crops and fertilizer; 

 Biofuels and oil: alongside increased demand for food crops there has also been increased 

demand for fuel crops such as corn and rapeseed for ethanol-based biofuels. These also 

require fertilizer. The links to the fuel market for these crops exposes their price, fertilizer prices 

and ultimately phosphate rock prices to the price changes and volatility in fuel (primarily oil) 

markets; 

 Phosphorus scarcity and concentration of suppliers: increasing costs of mining and 

processing, and decreasing quality of phosphate ore are problematic.
236

 The lack of effective 

substitutes for phosphorus rock, evidence that suggests scarcity issues and the concentration of 

production in a handful of countries, such as Morocco, China and the US can have a high 

impact on prices.  

 

Analysis of volatility 

The table below shows the main trends by decade as well as their volatility per decade and the 

overall period. Observing the figure, the prices show quite some volatility, particularly in the first and 

last periods, coinciding with the major peaks observed.  

 

Table 4.10 Periodic changes in phosphate rock prices, EUR / tonne, 2011 constant prices 

Years % Total change in 

prices 

Average annual % 

change (compounded) 

Volatility (coefficient of 

variation) 

1971-1980 19.5% 2.0% 0.533 

1981-1990 -42.4% -6.0% 0.275 

1991-2000 47.9% 4.4% 0.232 

2001-2011 108.9% 7.6% 0.750 

Total 1971-2011 191.0% 2.7% 0.648 

1971-1989 3.1% 0.2% 0.445 

1990-2011 233.9% 5.9% 0.788 

 

As can be seen, the most volatile decade has been 2001-2011, although widening the period to 

1990-2011 even more variance is evident in the higher coefficient of volatility of 0.788. The major 

causes were discussed above, these have an important effect in volatility terms as their effect on 

prices was almost immediate, prices increasing and decreasing by factors of 2 and 3 in the space 

of only a year. 
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4.4.3 Future trends in phosphate rock prices 

Model fit of past prices for estimating future prices 

Stationarity tests confirmed stationary with 98% confidence for the entire period 1971-2011. This 

implies that there is no trend break and the whole period can be used safely for future projections. 

The model with log converted variables and where the current value depends on two lags has the 

best fit in terms of R
2
, Durbin-Watson and t-statistics.  

 

log(PhR) = constant + coeff1 * log(PhR(-1)) + coeff2 * log(PhR(-1)) 

 

The following figure presents the result and the estimated equation and the statistics. All 

coefficients are significant with 99% confidence. This model could be used as a projection for the 

price development until 2020.  

 

Figure 4.18 Model fit of monthly prices of phosphate rock in 2011 constant EUR per metric tonne  
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Monthly phosphate rock prices (in €/mtonne and constant 2011 prices)

Data 2 monthly lags

PhR = exp(0.074) * PhR(-1)1.160 * PhR(-2)-0.178, R2 = 0.965, DW = 2.03

 
Source: Ecorys calculations. 

 

Existing forecasts 

This section presents a selection of forecasts for phosphorus rock prices.  

 

Forecast 1: World Bank (2012) Commodity Price Forecast Update 

Phosphorus rock forecast USD/tonne 

2012 2013 2014 2015 2016 2017 2018 2019 2020 2025 Change 

2012-25 

165 150 145 140 136 132 128 125 121 105 -60 

% change -9.1% -3.3% -3.4% -2.8% -2.8% -2.8% -2.8% -2.8% -13.4% -36.4% 

Source: World Bank (2012) Commodity Price Forecast Update, 17.1.2012; % changes Ecorys own calculations. 

 

Forecast 2: Cordell & White (2011) Peak Phosphorus: Clarifying the Key Issues of a Vigorous 

Debate about Long-Term Phosphorus Security 

This study modelled three scenarios of phosphate demand and consumption. In the business as 

usual scenario demand for phosphate rock is forecast to increase by 2% annually until 2050. This 

increase can be explained due to population growth, increases in meat and dairy demand, biofuel 

crops and fertilizer application on phosphorous-deficient soils.  

 

The study identifies potential demand reduction measures that could be employed to mitigate 

against scarcity issues, these include measures such as: changing diets, use of alternative 
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phosphate sources (e.g. human excreta, manure, crop residues and food waste) food chain 

efficiency and improved agricultural efficiency.  

 

Summary 

The cost to produce phosphate rock is expected to increase as lower-cost phosphate rock deposits 

are exhausted and producers have to process lower grade deposits
237

. As the price of phosphate 

concentrates increases, deposits that were marginally economic may become viable and it is likely 

that new deposits will be opened.
238

 Price increases will be tied to the opening of these new mines 

and the need to employ increasingly expensive technology and additional raw materials and 

process inputs (such as water) to produce phosphate concentrates. It is unclear to what extent 

campaigns to change diets, agricultural practice and attitudes and safety of alternative sources will 

be able to mitigate these effects. 

 

Future price projections 

Based on these factors, the assumptions and trends forecast by other models and our original 

analysis of price trends between 1971-2011 we have developed a forecast model for phosphate 

rock prices that presents 3 scenarios. Our projection of prices uses the following parameters and 

assumptions of changes in them: 

 Brent crude oil prices in 2011 (€ per barrel); 

 World phosphate rock production (metric tonnes); 

 Global GDP. 

 

Annual data for all these measures is available for the period 1992-2010. Future projections of 

phosphate rock prices are based on oil prices and forecast changes in global phosphate rock 

production, while the model is calibrated by the other parameters such as changes in global GDP. 

Global production and oil prices are highly relevant in terms of supply and demand, with the links to 

the oil price in terms of both transport and energy use and also to the biofuels markets.  

 

For the future price projection model all possible regression combinations were tried and the 

following equation turned out to have the best statistical properties in terms of t-statistics, R
2
 and 

DW. 

 

Log(PhR_const) = const + beta1*log(Global_Prod) + beta2*log(Brent_const) 

 

The projection model is most sensitive to the changes in global production. 

 

The three price scenarios fitted to this model were defined as follows: 

 Base case: Brent prices to stay 80€/bbl 2012-2015, rising to 81€/bbl 2016-2020
239

, and global 

phosphate rock production to grow by 0.5% per annum; 

 High case: Brent prices to grow to 84€/bbl by 2015, and to 97€/bbl by 2020, and global 

phosphate rock production to grow by 0.5% per annum;  

 Low case: Brent prices to start at 75€/bbl in 2012, and to fall to 63€/bbl in 2012 by 2015, before 

growing to 68€/bbl by 2020. Global phosphate rock production to grow by 0.5% per annum.  
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The scenarios were all underpinned by an assumption that world GDP would increase by 2.0%, 

2.5% and 1.5% respectively across the 3 scenarios. Substitution of the scenario values into the 

regression equation leads to a projection for the yearly constant phosphate rock prices, as in the 

figure below. 

 

This shows that in a base case scenario we would expect phosphate rock prices to experience a 

small decline from a 2012 trend level of around 75.6 €/tonne to around 73.7 €/tonne in 2020, a total 

decline of 2.5% over the period, or -0.3% / year. In the high scenario prices are forecast to increase 

to around 80.9 €/tonne in 2020, a total increase of 6.4% over the period, or 0.8% annually. In the 

low scenario prices are forecast to decrease to around 67.3 €/tonne in 2020, a total decrease of 8% 

over the period.  

 

The modelled relationship with global production is negative, i.e. that as production increases, 

prices are modelled to decrease. A positive relationship is modelled for oil prices and as they 

increase phosphate rock prices will also increase. The model suggests that current prices of 150 

€/tonne are significantly above the expected medium-long term trend level and should fall back in 

the following years.  

 

Since the past data could also be used for projections as shown above (data are fully stationary), 

we also portray a fourth scenario of phosphate rock prices based on the 2-monthly lags model 

(model fit projection). This projection shows a sharp decrease of phosphate rock prices in 2012, 

after which they increase by almost 50% by 2020 compared to 2012, to reach 68 €/tonne in 2020. 

 

Figure 4.19 Projections of future phosphate rock price scenarios (in constant 2011 €)  

 
Source: Ecorys calculations. 

 

 

4.4.4 Competitiveness analysis and behavioural impacts 

Production phosphate rock 

At current levels of production, global reserves of phosphate rock could last more than 400 years at 

current levels of production. However, three issues limit the availability of this resource: 

1. Due to the historical underinvestment in phosphate extraction capacity coupled with long lead 

times typical in expanding production, there is likely to be shortfall in the production of 

phosphate over the next few years; 

2. While there are significant uncertainties regarding the full range of phosphate rock deposits, it is 

estimated that around 80% of global phosphate reserves are located in and around Morocco. 

Outside of Morocco, reserves will only last about 100 years at current rates of consumption and 
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less than 50 years if consumption increases at 2 % per annum. This would give Morocco a 

dominant position in the market; 

3. There is an on-going debate about peak phosphorous. If indeed phosphate reserves have 

peaked, this would suggest that the annual global output of phosphate could eventually begin to 

decline well before total reserves are exhausted. Regardless of potential decline, it is clear that 

the use of phosphate is growing more quickly than the ability to replenish recoverable 

reserves.
240

 

 

In 2010, the three main producing countries of phosphate rock were China (36,9%), the USA and 

Morocco (both 14,8%).  

 

Table 4.11 Key producers of phosphate rock 

Country Production (kt) in 2010 Percent 

USA 26 100 14.8% 

China 65 000 36.9% 

Morocco 26 000 14.8% 

Russia 10 000 5.7% 

Jordan 6 000 3.4% 

Tunisia 7 600 4.3% 

Brazil 5 500 3.1% 

Togo 800 0.4% 

Israel 3 000 1.7% 

South Africa 2 300 1.3% 

Senegal 650 0.4% 

Syria 2 800 1.6% 

Egypt 5 000 2.8% 

Nauru 200 0.1% 

Australia 2 800 1.6% 

Other 12 250 6.9% 

Total 176 000 100% 

Source: United States Geological Survey. 

 

World phosphate rock capacity is projected to increase by an overall 20%, from 190 Mt in 2009 to 

228 Mt in 2014. This growth in potential production would result from several factors, including 

expansions at existing operations, new mines opened by current producers, and new capacity 

added by emerging suppliers.
241

 

 

The combination of input costs and movements in these costs have an important influence on the 

supply of a mineral.
242

 The following table breaks down the production costs of phosphate rock of 

the Jordan Phosphate Mines Company. 
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Table 4.12 Production costs of phosphate rock 

Percentage structure of key input costs – Jordan Phosphate Mines Company 

Raw material and product purchases 32% 

Salaries and benefits 13% 

Mining contractors 11% 

Fuel 9% 

Administrative costs 7% 

Transport costs 6% 

Spare parts and consumables 6% 

Electricity and water 5% 

Depreciation 5% 

Others 4% 

Royalties 2% 

Source: Rawashdeh and Maxwell (2011), p. 22. 

 

Consumption phosphate rock 

More than 90% of phosphate rock use is in fertilizers, with other applications being in animal feed, 

detergents, food and beverages and water treatment.
243

 

 

Fertilizer demand is stabilizing in parts of Europe and North America because soils are saturated 

from decades of over-application and only require fertilizer application to replace what is lost in 

harvest. However, fertilizer demand is expected to continue to increase steadily in developing 

countries and emerging economies. Accordingly, global demand is forecasted to increase in the 

short-term on average around 3% until 2014/15, with around two-thirds of this demand coming from 

Asia (see figure below). While long-term trends are less clear, we are likely to see an increased 

demand for the following reasons: 

 increased population growth causing an increase in food demand; 

 increased phosphorus demand due to changing dietary preferences towards more meat and 

dairy products (especially in growing economies like China and India), requiring significantly 

more phosphorus fertilizer per capita; 

 increasing demand for non-food crops like biofuels or lithium-iron-phosphate electric vehicle 

batteries, which can require 60 kg of phosphate per battery; 

 The need to boost soil fertility in phosphorus-deficient regions.
244

 
245
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Figure 4.20 Forecast of global demand for phosphate rock 

 
Source: UNEP (2011), p. 39. 

 

Trade flows 

The key exporters and importers of phosphate rock in 2010 (in quantities) are presented in table 

below. It can be seen that West Europe is the second largest importer of phosphate rock (16.2% of 

global imports), right after South Asia (22.7%). Africa is the largest exporter of phosphate rock, 

covering more than 50% of world exports in 2010. Second largest exporter is West Asia (27.7%). 

 

Table 4.13 Key exporters and importers of phosphate rock in 2010 

World phosphate rock exports in 2010 World phosphate rock imports in 2010 

 in thousand tons in % in thousand tons in % 

West Europe 

Central Europe 

E. Europe & C. Asia 

North America 

Latin America 

Africa 

West Asia (M. East) 

South Asia 

East Asia 

Oceania 

Various 

Total 

 

EU 27 

62 

 

2 418 

 

618 

16 079 

8 309 

 

1 482 

1 016 

 

29 984 

 

62 

0.2% 

0.0% 

8.1% 

0.0% 

2.1% 

53.6% 

27.7% 

0.0% 

4.9% 

3.4% 

0.0% 

100.0% 

 

0.2% 

4 861 

2 033 

2 631 

2 885 

3 058 

134 

1 793 

6 799 

4 337 

1 252 

204 

29 985 

 

7 518 

16.2% 

6.8% 

8.8% 

9.6% 

10.2% 

0.4% 

6.0% 

22.7% 

14.5% 

4.2% 

0.7% 

100.0% 

 

25.1% 

Source: International Fertilizer Industry Association (2012). 

 

Summary of EU position 

The following table summarises the key statistics for the EUs relative position in phosphate rock 

production, consumption and trade. 
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Table 4.14 Phosphate rock production, consumption and trade flows 

Period 2002 2003 2004 2005 2006 2007 2008 2009 2010 
Change 

2002-10 

Global 

production 

(million tonnes) 

136.00 138.00 142.00 152.00 151.00 160.00 165.00 161.00 181.00 33.1% 

EU production 

(million tonnes) 
0.80 0.80 0.84 0.82 0.86 0.83 0.78 0.66 0.82 2.5% 

% EU share of 

world 

production 

0.6% 0.6% 0.6% 0.5% 0.6% 0.5% 0.5% 0.4% 0.5% -0.1% 

Global 

consumption 

(million tonnes) 

123.80 184.70 139.10 111.70 152.70 181.30 235.60 150.90 117.10 -5.4% 

EU 

consumption 

(million tonnes) 

8.76 8.94 10.38 9.95 9.10 9.67 9.39 4.48 8.03 -8.3% 

% EU share of 

world 

consumption 

7.1% 4.8% 7.5% 8.9% 6.0% 5.3% 4.0% 3.0% 6.9% -0.2% 

World imports 

(million tonnes) 
513 610.5 635.7 697 753.7 821.3 878.4 924.8 1019.6 98.8% 

EU imports 

(million tonnes) 
7.96 8.14 9.55 9.14 8.25 8.85 8.62 3.83 7.29 -8.5% 

% EU imports 

of EU 

consumption 

90.9% 91.1% 92.0% 91.8% 90.7% 91.5% 91.8% 85.6% 90.8% -0.2% 

World exports 

(million tonnes) 
525.2 563.8 638.6 737.3 752 800 807.8 934.9 1083.5 106.3% 

EU exports 

(million tonnes) 
0.005 0.002 0.005 0.008 0.009 0.012 0.014 0.015 0.077 1576.9% 

% EU exports 

of EU 

production 

0.6% 0.3% 0.6% 1.0% 1.0% 1.5% 1.8% 2.3% 9.4% 8.9% 

EU self-

sufficiency ratio 
9.1% 8.9% 8.1% 8.3% 9.4% 8.6% 8.3% 14.7% 10.2% 1.1% 

Source: U.S. Geological Survey, UN Comtrade, Ecorys own calculations. 

 

The following conclusions can be drawn from this: 

 EU share of world production has remained relatively constant over 2002-2010 – this 

share has decreased a bit in 2009, probably due to decreased demand because of the financial 

crisis; 

 The EU relies heavily on imports to meet its consumption needs – this dependence has 

been around 90% during 2002-2010. This is consistent with the evidence that West Europe is 

the second largest importer of phosphate rock in the world; 

 The EU self-sufficiency ratio is relatively low – this also confirms the previous finding that 

EU is heavily dependent on imports of phosphate rock.  
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The impact of price changes on the competitiveness of EU sectors 

Almost all phosphate is used as fertiliser and in the end mainly for food production. It is thus not to 

be expected that a price increase would significantly affect demand since there is always demand 

for food. In practice however, it appears that farmers can refrain from using phosphate for one or 

two seasons ‘without serious adverse effects on productivity’ (Crowson, 2006, p.65).
246

 When most 

of the world’s phosphate producers dramatically raised their export prices in 1975 in an attempt to 

replicate the successful behaviour of OPEC, farmers around the world responded by reducing their 

demand for phosphate fertilisers.
247

 

 

High phosphate prices will not immediately affect the competitiveness of European agriculture. 

Phosphate is globally traded on the free market so competitors face the same phosphate prices. 

High phosphate price may even bring European farmers a competitive advantage since fertiliser 

prices have a lower share in the cost structure of farming in the EU compared to competitors, as 

costs such as labour and energy are relatively high in the EU.  

 

Completeness of price message 

Externalities 

Excessive use of fertilizers has lead to pollution and eutrophication of surface water in the past 

decades. Western governments have successfully addressed this problem by designing policy to 

discourage the overuse of phosphates in farming, although it has not disappeared yet.  

 

Another environmental concern was related to phosphate use in laundry detergents. The US and 

many European countries decided to ban the use of phosphate in detergents when it became 

apparent that it had adverse effect on water quality.
248

  

 

Market structure 

Although the production of phosphate is concentrated in just a few countries, the industry is 

considered to be quite competitive. It is relatively easy to enter the market but there are differences 

in deposit quality.  

 

Failure to recognise scarcity issue 

There used to be serious concerns regarding the global phosphate reserves. Until very recently, the 

lifetime of the phosphate reserves was estimated to be around 100 years
249

 
250

 
251

. However, 

according to Dawson (2011), improved technology has shifted the boundary between resources 

and reserves, meaning that a much greater volume of rock can now be considered commercially 
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exploitable and viable
252

. These developments have extended the anticipated time-frame of 

availability of phosphate reserves to between 300 and 400 years
253

.  

 

This may seem a very long time but there is still ample reason for concern. Phosphate is not 

substitutable and essential for plant growth. We will inevitable reach a point where supply becomes 

scarce. Given the importance of this resource and the geographical distribution (see figure below), 

this “has the potential to lead to international conflict” (Dawson and Hilton, 2011, S19)
254

.  

 

There is still significant potential to increase recycling of phosphorus and thus prevent scarcity.  

 

The figure below shows the distribution of remaining reserves around the globe. Reserves are 

abundant, but highly geographically concentrated.  

 

Figure 4.21 Remaining global phosphate rock reserves 

Source: Cordell, D.J. & White, S., 2011, 'Peak phosphorus: clarifying the key issues of a vigorous debate about long-term 

phosphorus security', Sustainability (Special Issue: Net Gains from Depleting Fossil Energy and Mineral Sources), vol. 3, no. 10, 

pp. 2027-2049. 

 

According to Cordell and White (2011), ensuring long term supply of phosphate will require an 

integrated approach that includes
255

:  

 diversifying sources of phosphorus, by investing in renewable phosphorus fertilizers, and/or a 

high recovery rate of all sources of phosphorus from the food chain (crop residues, manure, 

food waste, human excreta); and  

 a large reduction in the demand for phosphorus brought about through measures ranging from 

increasing efficiency in agricultural use to reducing losses in the food chain and changing diets. 

 

                                                                                                                                                               
252

  Dawson, C.J. and Hilton, J. (2011) Fertiliser availability in a resource- limited world: production and recycling of nitrogen 

and phosphorus. Food Policy, Volume 36, January 2011, Pages S14-S22. 
253

  IFDC, 2010. World Phosphate Rock Reserves and Resources. International Fertilizer Development Center, Muscle 

Shoals, AL 35662, USA. ISBN 978-0-88090-167-3. 
254

  Dawson, C.J. and Hilton, J. (2011) Fertiliser availability in a resource- limited world: production and recycling of nitrogen 

and phosphorus. Food Policy, Volume 36, January 2011, Pages S14-S22. 
255

  Cordell, D.J. & White, S., 2011, 'Peak phosphorus: clarifying the key issues of a vigorous debate about long-term 

phosphorus security', Sustainability (Special Issue: Net Gains from Depleting Fossil Energy and Mineral Sources), vol. 3, 

no. 10, pp. 2027-2049. 



 

 

147 Mapping resource prices: the past and the future 

 

Role of taxes and subsidies  

In 2008, China, which accounts for 20 to 30% of world phosphate trade, has imposed a 135% 

export tariff to secure domestic fertilizer supply, which has halted most exports
256

 
257

. Since then, 

China has diminished its export duty down to 35%. This has no direct effect for the EU since 

Chinese farmers do not compete with the European agriculture sector.  

 

 

4.5 Synthesis on minerals 

The minerals resource category included: 

 Two industrial minerals – graphite and fluorspar; 

 One construction mineral – sand and gravel; 

 One fertilizer – phosphate rock. 

 

 

4.5.1 Price indices of individual resource sub-categories 

Based on hour historical time series, we constructed price indices for each of the four minerals, 

taking year 2000 as a base index (2000=100). The following figure shows the results. 

 

Figure 4.22 Price indices for individual minerals indexed to year 2000 (2000=100) 

 
Source: Ecorys calculations. 

 

Observations 

Based on visual observation, even though the prices vary in terms of the magnitude of price 

changes, there appears to be generally similar price movements and responses over time. 

Common trends that can be detected include: 
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 Relative price stability 1990-2007: with all indices remaining in a range of 50-120, this 

contrasts with previous and later periods where more than one of the indices increases above 

200, or in the latest period almost to 400; 

 Fluorspar and Phosphorous Rock are most volatile: these two resources tend to chart the 

same trends but with exaggerated increases and declines. Sand and gravel and graphite are 

much less volatile in general.  

 

Co-integration tests 

When performing a co-integration test on these time series, comparing five different methods, there 

was no co-integrating vector found for all four minerals, unlike for metals. This means that the four 

mineral prices do not move in tandem as a whole. This might be due to the fact of their very 

different nature.  

 

 

4.5.2 Analysis of evolution of mineral prices 

The table below summarises the key characteristics of the 4 minerals in terms of past and future 

price developments, main risks, volatility and EU import dependency. 
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Table 4.15 Overview of four minerals 

Mineral Price development, past and future Main risks for the EU Volatility 

1971- now 

EU import 

dependency 

Comments 

Fluorspar Historic price trend has shown declining trend in 

Fluorspar prices over time. Price peak in mid-

1980s, followed by slowly increasing prices since 

1993. Spot prices indicate prices doubled 2006-

present, but not yet included in data. Forecast for 

continuing price increases to 2020, increasing in 

base case by 20%. 

Is assessed as a critical 

material due to economic 

importance and supply 

risk. Lack of clarity on 

actual reserves and 

import tariffs from China 

pose risks. 

0.374 69% of consumption 

is imported. 25% of 

EU needs are met 

from own production. 

EU recycling rates 

are low <1%. 

Important uses in 

pharmaceuticals, chemicals 

and metal industries. China 

and South Africa have major 

reserves. 

Graphite Prices have exhibited a strong upwards trend over 

time, although a large part of increases happened 

in the 1970s, with prices in a stable range since 

1985. Prices have begun to increase again in most 

recent years. Spot price data suggests prices have 

quadrupled 2009-2011. Prices are forecast to 

increase by 21% in base case scenario by 2020. 

Used in a number of hi-

tech applications due to 

its conductivity and other 

properties. Concentration 

of supply in China and 

economic importance 

make it a critical material.  

0.392 EU imports 95% of 

the graphite it 

consumes, primarily 

from China. 

China dominates production 

of a market that has 

experienced a number of 

market manipulations of 

prices (cartel, dumping). 

Graphene may change 

demand in future. 

Phosphorous Rock Overall price trend is slowly increasing over time. 

Prices volatile within a stable range, two major 

exceptions, producers tripling export tariffs in 

1970’s and recent price spikes. The base case 

forecasts prices to stabilise from current spike and 

slowly decrease to 2020. 

Only handful of major 

exporters, Morocco the 

biggest. Increasing 

demand from developing 

world. EU could be 

vulnerable to action by 

Morocco. 

0.648 EU imports around 

90% of its 

consumption.  

Critical input for fertilisers, no 

substitutes. China and US 

use own production 

domestically. 

Sand and Gravel Prices increasing over time by 50% between 1971-

2009. Thought to be driven primarily by increasing 

transport costs and potentially also improved 

environmental regulation of quarries. Prices 

forecast to decline very slightly to 2020. 

Few overall risks, sand 

and gravel are abundant, 

only local shortages 

emerge. Price risks linked 

to transport, i.e. oil prices. 

0.25 Low. Trade relatively small as low 

value, bulk and weight make 

for poor economics. 
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Main observations 

The selected minerals serve a variety of different industries and purposes, yet a similarity in price 

movements was detected. 

 

The biggest price driver apart from increasing overall demand and economic growth across the 

mineral resources is the restricted number of supply sources, which is true for all but sand and 

gravel. For graphite, fluorspar and phosphorous rock the market is dominated by a handful of major 

producers and exporters, this grants them significant market power in potential for price setting 

and/or supply restrictions (export quotas / tariffs). This can have significant competitiveness impacts 

for the EU given the high import dependency and the use of these resources in hi-tech industries. 

Yet, while there are examples in phosphorous rock and graphite of this market power being used, 

the long-term effect on prices has not been significant at an aggregate level, resulting in only 

slightly increasing or decreasing trends.  

 

Increases in the most recent years 2009-2011 are not fully incorporated into the figures, but these 

suggest that price increases have been experienced for graphite and fluorspar. Indeed, the price 

forecasts indicate that prices for both these resources are expected to increase by around 20% by 

2020. This is in contrast to forecasts of relatively unchanged prices for phosphorous rock and sand 

and gravel.  

 

As prices rise it is expected that new producers of graphite and fluorspar will become available, this 

should help to diversify supply and reduce supply risks.  

 

 

4.5.3 Aggregate price index for minerals 

To construct our minerals composite sub-index we aggregated the 4 minerals into a single index 

using average EU-27 import values for 2008-2010 from UN Comtrade database. The following 

classifications are used: 

 Graphite – natural graphite (HS code: 2504); 

 Fluorspar – containing by weight > 97% and < 97% (HS code: 252921 & 252922); 

 Sand and gravel – natural sands of all kinds, except metal-bearing; pebbles, gravel, broken or 

crushed stone, shingle and flint (HS code: 2505, 251710); 

 Phosphate rock – natural calcium (including aluminium) phosphates and phosphate chalk (HS 

code: 2510). 

 

The table below shows weights for minerals according to these criteria: 

 

Table 4.16 EU27 import values in million USD and the weights of minerals 

Time Fluorspar Graphite Sand and Gravel Phosphate Rock 

HS Code(s) 252921, 252922 2504 2505, 251710 2510 

2008 192 103 422 550 

2009 132 48 325 853 

2010 157 87 401 1 178 

average  

2008-2010 
160 79 383 860 

Weight 0.0890 0.0440 0.2126 0.6544 

Source: UN Comtrade, Ecorys own calculations. 

 

Using these weights, the following figure shows the aggregated mineral price index. This shows an 

overall trend of very slowly decreasing mineral prices over time. The trend line is only plotted for the 

full price series to 2006, therefore this does not include the phosphate rock price spike in 2007-
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2008 represented by the dotted line, incorporating this would show an overall trend for very slowly 

increasing prices. Aggregated mineral prices have been relatively stable over time, only in the last 

years has the spike in phosphorus rock prices pushed the index outside the 50-150 point range.  

 

Figure 4.23 Aggregated mineral price index (2000=100) 

 
Source: Ecorys own calculations based on UN Comtrade data. 

Note: Dotted line is only partial price series - Fluorspar prices (weight=9%) not included 2007-2009. 

Trend line only for solid line of full price series, 1971-2006. 
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5 Fuels 

5.1 Crude oil  

5.1.1 Key facts 

Key facts  

Description  Crude Oil, or Petroleum is a naturally occurring liquid, composed mostly of hydrogen 

and carbon. It is a fossil fuel created over the eons from large quantities of ancient 

organisms, usually zooplankton and algae, being buried underneath sedimentary rock 

and subjected to intense heat and pressure. In the last century decades oil has 

developed to become a major energy source, particularly as a transport fuel. Crude oil is 

the most traded good in the world, both in terms of volume and value, as well as by the 

carrying capacity needed to move it.  

Price definition The key oil types for price definition are Brent, West Texas Intermediate (WTI), Nigerian 

Focados and Dubai, which are measured in US$ per barrel (bbl). For our analysis we 

use Brent crude oil 1-month Forward - fob (free on board) per barrel as used by ECB.
258

 

Globally traded Crude oil is traded globally, with a focus on the New York Mercantile Exchange (NYME) 

and the Intercontinental Exchange (ICE).  

Trade flows In 2005, oil accounted for around 42% of the final energy consumption of the EU27. EU-

27 domestic oil production has been declining rapidly in the last few years and in 2006 

covered just over 15% of EU consumption. The EU imports 9 341 thousand barrels 

crude oil every day, and exports only 387 thousand barrels a day (tbd). Total value of 

EU imports is approximately €324 billion, exports €7 billion. The OPEC countries 

together account for around 37% of these imports, followed by Russia (around 32%) 

and Norway (15%). The biggest producers are the Russian federation (12.9%), Saudi 

Arabia (12%), and US (8.7%), with the former two being major exporters. The UK is the 

only significant EU oil producer. Norway is the one other important European producer. 

Global volumes Global reserves were estimated at around 1 383 thousand million barrels (tmb) in 2010. 

Global production was 82 094 thousand barrels daily (tbd) in 2010. 41% of 2010 

production was provided by OPEC countries. Global consumption was 87 382 tbd in 

2010. 52.5% of this amount was consumed in OECD countries. The biggest individual 

users were the US (21.2%) and China (10.6%).  

Global Value Varies significantly with oil prices; 

Estimated at over 2 trillion euros/ year – at 2010 prices and consumption (87 382 tbd @ 

€63.87/barrel). 

EU Value Over 325 billion euros/ year – at 2010 prices and consumption (13 890 tbd @ 

€63.87/barrel); 

EU production value approx. €45.5 billion (1 951 tbd @ €63.87/barrel). 

Key sectors Most crude oil is refined and transformed into transport fuels (diesel, oils, gasoline, jet 

fuel, kerosene). Other important products consisting of crude oil are plastics, pesticides, 

fertilizers, chemicals, asphalt and pharmaceuticals.  

EU Self-sufficiency 

ratio 2010 

14.1% 

Environmental 

impact 

The environmental impacts of crude oil are relatively substantial. Crude oil contains 

volatile organic compounds (VOC) which when they evaporate or are combusted, can 

                                                                                                                                                               
258

  http://sdw.ecb.europa.eu/browseTable.do?node=2120782&start=&end=&trans=N&vf=&q=&type=&dvfreq=M. 

http://sdw.ecb.europa.eu/browseTable.do?node=2120782&start=&end=&trans=N&vf=&q=&type=&dvfreq=M


 

 

154 Mapping resource prices: the past and the future 

 

 

Key facts  

be inhaled and harm the human body. Combustion of oil produces CO2 and thus 

contributes to climate change. Crude oil can be a major water pollutant, even small 

amounts can pollute large quantities of clean water. During the extraction process, 

chemical demulsifiers are used to separate oil from water and pose pollution risks.  

Data source used ECB monthly prices EUR/barrel. 

Data coverage 1980 - 2011 monthly prices. 

Additional data 

sources 

BP Statistical Review of World Energy June 2011; 

US Energy Information Administration (EIA); 

International Energy Agency (IEA). 

Unit EUR per barrel. 

Deflator MUV, 2011=100 (constant prices at year 2011 level). 

Anything other 

relevant for this 

specific resource 

Crude oil prices are also an important driver for many other resource prices due to the 

role of oil in transport from production to consumption. As a result a link between oil 

price and inflation can typically be observed. The crucial nature of oil in the modern 

economy also gives it power as a broader macro-economic indicator which can 

influence policy and growth.  

Selection criteria Crude oil has been selected as it is a crucial fuel in the world economy and because 

high oil prices can slow economic growth and additionally cause inflationary pressures. 

High environmental impact and concerns over scarcity (peaking) add to its importance. 

Outlook More likely the oil price in current terms will not stabilise but keep on increasing. The 

current Base oil projection of EIA (US) would stay nearly stable at around 107 $/bbl in 

2011$ (US urban inflation indexed) until 2020. Or any other scenario as presented 

below. The IEA 450 stabilises at 90 $/bbl in 2009$. 

Trend value Long term trend is of increase in real prices of 1.9% per annum during 1980-2011. 

However, there has been a trend break in 1999. The trend value between 1986-1999 

has been a decrease in real prices of 0.5% per annum, while between 2000-2011 the 

trend is of increase of 5.8% per annum. 

 

 

5.1.2 Past trends in resource prices and volatility 

Evolution of real prices 

 

Figure 5.1 Price of crude oil in EUR per barrel, 1980-2011 
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Source: ECB. 
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The oil price has been subjected to various shocks over time. The monthly series used for this 

study only starts from 1980, this excludes one particularly important past event that had major 

effects on the oil price and the global economy. This was the 1973 Yom Kippur War Oil Embargo, a 

result of the Arab-Israeli conflict, which led to significant price increases as several Arab countries 

cut their supply of oil to Western countries in protest at their support for Israel. This reduced 

supplies by around five million barrels per day and tripled prices. Even after the war these high 

prices persisted. This event can be illustrated by the yearly oil price data available from BP (see 

next graph). Actually the biggest shock in oil prices in constant dollars was in the late 19
th
 century. 

 

Figure 5.2 Evolution of price of crude oil in current and 2010 constant USD/barrel, 1861-2010 
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Source: BP. 

 

The price series from 1980 is also impacted by the Iranian Revolution of 1978-9 which led to 

another increase in the price of crude oil, as supply was reduced by around 2.5 million barrels per 

day. This supply disruption was continued by the Iran / Iraq war from 1980-1988, which at the peak 

of fighting reduced the combined production of both countries to only a million barrels per day, 6.5 

million barrels per day less than the year before. As the conflict wound down and eventually ended 

in 1988, prices also reduced significantly.  

 

Prices increased again due to the Gulf War in 1990, as production from Kuwait was stopped, this 

was a relatively small and short term increase, but more than doubled prices at the time. The 

general trend from 1986-1999 was for stable low and slightly declining oil prices.  

 

A further factor in these price reductions was the expansion of production in the former Soviet 

Union and other countries. This increased capacity and export volumes significantly, leading to the 

lowest oil prices of the whole period. 

 

As a consequence of these lower prices, OPEC cuts its daily production in 1999 by 4.2 million 

barrels, the intention being to drive prices up to meet production costs and increase income. This 

cut in supply and a growing world economy led to increasing prices until 2001, when the September 

11 terrorist attacks put a temporary brake on global growth and therefore lowered the demand for 

oil, temporarily.  

 

Following this, disruptions to Iraqi oil supply in the US-led invasion and occupation from 2003 

caused some disruption, although supply restrictions remained from the first gulf war made this 

effect lower. With a rapidly growing global economy and consumption higher than production, oil 

prices began to increase again. A weak dollar, the loss of production capacity in Iraq and 
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Venezuela, combined with OPEC cutting back on production in November 2006 and again in 

February 2007 fostered this process, leading to a historic oil price peak in 2008.  

 

The global financial crisis and recession, together with speculation in the crude oil futures market 

caused in 2009 the first significant drop in crude oil prices since 1997, after reaching an average 

monthly peak of 133 $/bbl (Brent) in July 2008, although prices have since started climbing again 

and in 2011-12 have recovered to just under their 2008 peak, the real reasons for this sustained 

period of high prices are unclear and hotly debated. The Arab spring is likely to have had some 

impact, creating disruption and uncertainty in supplies, but speculation and rapid demand growth in 

Asia are also understood to be important factors.  

 

Key drivers of prices 

There are many price drivers that influence the crude oil price and additionally their influence vary 

over time. The drivers can be divided in two major groups:  

 Short term demand-supply shocks: 

- Geopolitical events: can have significant effects on oil prices, in the past these have 

perhaps been the biggest drivers with wars in 1973 (Arab-Israeli), 1980 (Iraq-Iran) and 1990 

(First Gulf War) all having a major impact, as did the dissolution of the Soviet Union. The 

effect on the oil price can be from real or feared supply shocks. The effects of this can be 

short-lived, this is dependent on the length and nature of the disruption.  

 Long term demand: 

- Economic growth: demand for oil is very closely tied to economic growth and performance. 

In a growing economy demand quickly rises as use for transport, energy and other materials 

increases. This is now particularly true in developing economies as more transport becomes 

motorised as economic growth improves living standards; 

- Technological development: can have twin demand effects, increasing the number of 

uses and applications for oil, but also enabling its more efficient use and substitutes for it 

(e.g. biofuels, electric vehicles).  

 Long term supply: is subject to a range of closely related factors, including: 

- OPEC: this cartel of oil producing countries typically represents 30-50% of global oil 

production and up to 80% of global oil reserves and therefore can use this market share to 

influence prices by restricting or expanding supply. This influence has been used on various 

occasions to support the objectives of its members, it is generally thought to be used to keep 

prices at a higher level than would otherwise be the case in a perfectly competitive market; 

- Peak oil: as a finite resource it is understood that only a limited amount of oil exists. Peak oil 

points to a point in time where a maximum level of economic oil production is reached, this 

is typically evident in an individual well or field, but is also theorised to exist at a global level. 

This scarcity issue can influence prices to rise permanently; 

- Resources and reserves: scarcity is reflected in a view of oil reserves and how long these 

will last, this is often discussed in years, with some estimates of 30-50 years of reserves 

remaining. Yet total reserves are a moving target, these represent only the known, 

economically recoverable oil. New oil field discoveries increase the known resource and 

reserves and high oil prices increase the economically recoverable resource, both impacting 

on reserves and this feeds through to prices; 

- Technological development: innovations in technologies to extract crude oil in more 

difficult locations (e.g. deep-sea, sand) and/or at lower cost are directly mirrored in oil prices 

as they extend existing reserves, expanding supply.  

 Currency movements – US dollar: oil is typically traded in US dollars, changes in relative 

exchange rates with the dollar can therefore have an important impact on the price experienced 

in other countries; 
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 Speculation on financial and commodity markets: Especially in recent years this factor has 

become more and more important and the discussion in literature about its influence has 

increased. In June 2008 funds invested 310 billion USD in oil contracts and this explains some 

of the fast increase in price after the drop caused by the global recession. Vansteenkiste
259

 

point out, that these traders will only enter the market if unexpected and external shocks occur; 

 Information asymmetry: the nature of oil production and markets makes information a 

sensitive issue. The secretive nature of many producers leads to uncertainty regarding their 

actual reserves, with some fears these are overstated. 

 

The balance between these factors is highly variable but in the most recent years a trend for higher 

prices has emerged, many believe this is due to demand and supply diverging, with rapid demand 

growth in Asia and peak oil creating fears for supply. Evidence from the BP statistical review of 

world energy suggests that a demand-supply imbalance has existed for some time, from the period 

1965-1980 where oil production exceeded consumption, the years since 1981 have seen an annual 

deficit - with consumption exceeding production. The cumulative gains of the surplus years were 

eroded in around 2004, coinciding with the most recent surge in prices, pointing towards some truth 

in demand-supply being a major driver of the current price increases. Yet the amount of oil reserves 

has continued to increase, therefore this may only be a temporary imbalance if production can be 

increased ahead of consumption once more. 

 

Analysis of volatility 

Oil prices are thought to be among the most volatile of all resource prices, both anecdotally and 

from visual inspection of the price trend in Figure 5.1. The data also bears this out, with high 

periodic and annual changes in prices. The co-efficient of variation at 50.7% across the whole 

period is among the highest of all the selected resources.  

 

Prices increased by almost 40% during 1980-1985, then dropped from around EUR 70/bbl at the 

beginning of 1985 to EUR 15/bbl in mid-1986, This is consistent with the geopolitical instability also 

present at this time and explained in the previous section, i.e. the Iranian revolution, the Iran-Iraq 

war, the First Gulf War and the dissolution of the Soviet Union.  

 

Prices decreased even further to EUR 10/bbl at the end of 1998, beginning of 1999. There has 

been almost no price growth in 1991-2000 and volatility over this period, as measured by the co-

efficient of variation, was lower than the previous period as new and more stable major oil 

producers and exporters, i.e. Russia, Nigeria, Venezuela, ramped up production. Since then real 

prices rose to almost EUR 90/bbl in mid-2008, decreasing slightly to current EUR 80/bbl, nearly 

100% per annum. 

 

Prices increased eight times between 1999-2011, and annualised price growth was much higher 

than in the 1986-1999 period. The co-efficient of variations, moderately high relative to other 

resources, illustrate the average variance from the mean during each period between the trend 

breaks.  
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  Vansteenkiste, I. (2011): What is driving oil futures prices? Fundamental versus speculation. European Central Bank, 
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Table 5.1 Periodic changes in oil prices, EUR / barrel, 2011 constant prices 

Years % Total change in 

prices 

Average annual % 

change (compounded) 

Volatility (coefficient of 

variation) 

1980-1985 39.2% 5.7% 12.7% 

1986-1999 -7.6% -0.5% 22.9% 

2000-2011 96.7% 5.8% 28.4% 

Total 1980-2011 80.1% 1.9% 50.7% 

 

 

5.1.3 Future trends in oil prices 

This section presents our projections for future prices. These begin with an analysis of the statistical 

suitability of past price trends for modelling future trends, then look at forecasts from the literature 

which take account of expected changes in supply and demand. These two elements are then 

combined to produce three price scenarios to 2020.  

 

Model fit of past prices for estimating future prices 

Stationarity tests for the monthly price series for oil show no stationarity for the 1981-2011 period 

(only 57% confidence), according to the Dickey-Fuller t-statistic of the unit root test with intercept 

and without trend. This implies that the whole period cannot be used safely for future projections.  

 

The model with log converted variables and where the current value depends on two lags has the 

best fit in terms of R
2
, Durbin-Watson and t-statistics.  

 

log(Oil) = constant + coeff1 * log(Oil(-1)) + coeff2 * log(Oil(-2)) 

 

The following figure presents the result and the estimated equation and the statistics. This model is 

not recommended for use in future projections.  

 

Existing forecasts 

As perhaps the most important global commodity, there are a huge range of forecasts available for 

oil prices changes over time. A short summary of these is provided below. 

 

Forecast 1: International Energy Agency forecasts 

 

Figure 5.3 Average IEA crude oil import price by scenario (annual data) 

 

Source: IEA (2011) World Energy Outlook 2010. 
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Figure 5.4 IEA Average Import Price Assumption (nominal) 

 

Source: IEA (2011) Medium term oil and gas markets. 

 

Forecast 2: World Bank – Commodity price forecast Jan 2012 

Table 5.2 Commodity Prices and Price Forecast in Current Dollars 

Commodity Unit 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2025 

Crude oil, avg, spot $/bbl 104.0 98.2 97.1 96.0 94.7 93.2 91.4 89.4 87.3 85.0 80.0 

Source: World Bank. 

 

Forecast 3: US Energy Information Administration (EIA) 

 

Figure 5.5 World oil price assumption 

 

 

Summary 

The price forecasts tend to build a picture of slowly increasing oil prices in all scenarios, with the 

World Bank forecast the only exception, which projects that oil prices will decline on their current 

levels by 2020. Moreover, EIA has high scenarios going to $200/bbl in constant $2011, and low 

scenarios dropping to $50/bbl until 2035. This shows how uncertain oil price projections are. 
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Future price projections 

We selected to use the US-EIA modelled scenarios for oil prices as an authoritative voice for future 

oil prices.  

 

Their three price scenarios are formed as follows: 

 Base case: Brent prices to stay 80-81 €/bbl
260

 (aprx. US$110/bbl); 

 High case: Brent prices to grow to 97 €/bbl by 2020. (aprx. US$130/bbl); 

 Low case: Brent prices to reduce to 68 €/bbl by 2020. (aprx. US$90/bbl). 

 

The following graph shows the result in terms of constant (2011 €) oil prices. This shows that in a 

base case scenario oil prices are forecast to be stable around their 2011 level of 80 €/bbl, 

increasing to only 81 €/bbl in 2020, a total increase of less than 2% over the period. In the high 

scenario prices are forecast to increase to around 97 €/bbl by 2020, a total increase of 22% over 

the period. In the low scenario prices are forecast to decrease to around 68 €/tonne in 2020, a total 

decrease of 15% over the period.  

 

Although our fitted price model was not stationary, and therefore does not provide a reliable 

estimate we have included it for comparison. The decreasing price trend is not thought to be 

realistic and none of the other profiled scenarios projects an outcome like this.  

 

Figure 5.6 Projection for Oil prices (in constant 2011 €), 2011-2020  
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Source: Ecorys calculations. 

 

 

5.1.4 Competitiveness analysis 

There is a lot of detailed data and information on oil available from outside sources. As a result, this 

section largely presents a summary of some of the most important facts and references to sources 

that are able to provide much more comprehensive data and analysis than is possible within the 

context of this study. The key source this study uses is the BP Statistical Review of World Energy 

Report from June 2011, updated by the newest version June 2012.
261

 The first part of the section 

deals with the production, consumption and trade flows of crude oil. Further, we analyse the 

potential impact of crude oil prices on EU competitiveness and derive implications thereof for 
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  Oil price projection is based on the latest EIA-US projection. High and Low are taken as the in-between values of the High 

and Low of EIA, to achieve a reasonable price spread. The forecast model closely follows the lag model. 
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  http://www.bp.com/assets/bp_internet/globalbp/globalbp_uk_english/reports_and_publications/statistical_ 

energy_review_2011/STAGING/local_assets/pdf/statistical_review_of_world_energy_full_report_2012.pdf. 

http://www.bp.com/assets/bp_internet/globalbp/globalbp_uk_english/reports_and_publications/statistical_energy_review_2011/STAGING/local_assets/pdf/statistical_review_of_world_energy_full_report_2012.pdf
http://www.bp.com/assets/bp_internet/globalbp/globalbp_uk_english/reports_and_publications/statistical_energy_review_2011/STAGING/local_assets/pdf/statistical_review_of_world_energy_full_report_2012.pdf
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European sectors and industries. Lastly, we assess the completeness and accuracy of crude oil 

prices, its negative externalities, scarcity as well as the cost structure.  

 

Production of oil 

Oil is produced in many countries but the largest reserves and production areas are found in the 

Middle East, Russia and North America. The following table charts global production and shows the 

concentration of production in the OPEC countries, accounting for over 40% of world production, 

the three most important producers in this group being Saudi Arabia (13.2%), Iraq (3.4%) and Iran 

(5.2%). The countries of the former Soviet Union, particularly Russia (12.8%) and Kazakhstan 

(2.1%) are the next biggest producers, Russia typically vying with Saudi Arabia as the worlds 

biggest oil producer.  

 

The European Union accounts for only a relatively small share of global production, with the United 

Kingdom (1.3%), by far the single biggest EU producer. Norway (2.3%) is another significant 

European producer. The EU crude oil production peaked in 2000 and since then a continuing 

decline has been observed and is expected.  

 

Table 5.3 Global Oil production – thousand barrels daily (tbd) 2004-2011 

Region 2004 2005 2006 2007 2008 2009 2010 2011 % 2011 total 

Total World 80 358 81 391 81 687 81 729 82 335 80 732 82 480 83 576 100.0% 

OPEC 33 641 34 973 35 211 35 067 36 203 33 897 34 753 35 830 42.4% 

Non-OPEC 
* 

35 362 34 642 34 225 33 925 33 355 33 661 34 280 34 258 41.0% 

EU 
**
  2 898 2 655 2 419 2 384 2 219 2 086 1 950 1 692 2.0% 

Former 

Soviet 

Union 

11 356 11 776 12 251 12 737 12 776 13 174 13 448 13 487 16.5% 

Source: BP (2012) BP Statistical Review of World Energy June 2012. 
*
 Excludes Former Soviet Union and includes EU, 

**
 

Excludes Estonia, Latvia and Lithuania prior to 1985 and Slovenia prior to 1991. 

 

The cost of oil production varies significantly by location (and hence drilling method) and oil type, 

production costs rising for heavier oil types, offshore oil, unconventional oils, deepwater and various 

other factors. The following figure provides an estimate of the marginal costs of oil production for 

various regions or countries. This shows that the lowest production costs are found in the OPEC 

Middle East countries, with production costs estimated at only US$10-20 per barrel. With prices at 

over US$100 per barrel this represents a significant profit margin. Other oil sources are estimated 

to cost between US$15-60/bbl, and unconventional oils, from US$35/bbl and higher. A clear lesson 

that can be drawn from this is that sustained high oil prices, of over US$100/bbl make all but the 

most very difficult production economically possible. This is an obvious worry from an 

environmental perspective in cases such as deepwater drilling in the Arctic or Canadian Tar Sands. 

However, the production of crude oil is predicted to rise in the coming years from 81.2 million bbl/d 

in 2012, to 90.1 million bbl/d by 2020.
262
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  Purvin and Gertz (2008) – Study in oil refining and oil markets, p. 8. 
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Figure 5.7 Global marginal cost of oil production 2008 

 
Source: LCM Research based on Booz Allen/IEA data (Morse, 2009). The unlabelled items, from left to right are OPEC Middle 

East, Former Soviet Union and Enhanced Oil Recovery. 

 

Every type of oil combined with a special drilling method implies a special cost structure for 

producing it. In general it could be stated that the structure consists of: 

 exploitation costs; 

 development costs; 

 drilling costs; 

 transport costs; and  

 loans.  

 

The development costs include all construction measures, surface installations and labour costs. 

The drilling costs are determined by the geological structure of the field (depth, pressure, offshore, 

etc.). In advance they request geological surveys and scientific studies and even unsuccessful 

explorations involve the cost of seismic programs and drilling dry wells, which can vary between $5-

20 million. As such, the drilling expenses are the most dominant cost factor. 

  

The transportation costs are determined by the distance to the sea and the consistence of the oil 

(contamination level, viscosity, etc.). Furthermore, the vehicle of transportation plays an important 

role (Pipeline, ship, train). Transport costs are another key factor that determine the price structure 

of oil, e.g. the crude oil drilled in Iraq costs 0.97 $/bbl, in the North Sea 4 $/bbl and the transport 

costs of crude oil from Siberia represent alone 7 $/bbl.  

 

The prices of oil will most probably rise in the next years due to rising labour and equipment costs 

and tighter environmental regulations.  

 

An analysis of Professor Tam David West, former Petroleum Minister of Nigeria calculated the cost 

for one litre of petroleum anywhere in Nigeria as: 

 

http://en.wikipedia.org/wiki/Tam_David-West
http://maps.google.com/maps?ll=9.06666666667,7.48333333333&spn=10.0,10.0&q=9.06666666667,7.48333333333%20(Nigeria)&t=h
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Table 5.4 Production costs of one liter crude oil in Nigeria 
263

 

Cost elements US $ Percentage 

Findings / development $3.50 10.06% 

Production cost $1.50 4.31% 

Refining Cost $12.60 36.22% 

Pipeline/transportation $1.50 4.31% 

Distr/bridging fund Margin $15.69 45.10% 

Total $34.79 100.00% 

Source: OGALA. 

 

Trade flows 

The leading global exporters of crude oil, as a share of total world crude oil exports between 2005-

2009 are Saudi Arabia (17%), Russian Federation (12%), Iran (6%), Norway (6%) and the United 

Arab emirates (5%).  

 

Figure 5.8 World export of crude oil, average 2005-2009 (share of total world crude oil exports) 

 
Source: US Energy Information Association, in UNCTAD (2012) Commodities at a Glance: Special issue on energy (No. 3 – 

February 2012). 

 

There has been a steady growth of total world export of crude oil since 2009 (52.333 tbd) compared 

to 2011 values (54.580 tbd). This medium-term growth is expected to continue in the long-term, 

between 2015-2035, due to Asia-Pacific demand increases in the region and substantial refining 

capacity improvements (Source: OPEC). Furthermore, the Middle East is to expand its importance 

as a key crude exporter. On the other hand, in Europe, crude exports will be diminishing due to 

declining North Sea production. 

 

The leading global importers of crude oil, as a share of total world crude oil exports between 2005-

2009 are the EU27 (29%), the United States (22%), Japan (9%) and China (7%). 
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  http://ogala.wordpress.com/2012/01/04/former-petroleum-minister-tam-david-west-say-petrol-should-sell-at-n40-02/. 

http://ogala.wordpress.com/2012/01/04/former-petroleum-minister-tam-david-west-say-petrol-should-sell-at-n40-02/
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Figure 5.9 World imports of crude oil, average 2005-2009 (share of total world crude oil imports)  

 
Source: US Energy Information Association, in UNCTAD (2012) Commodities at a Glance: Special issue on energy (No. 3 – 

February 2012). 

 

Total EU crude oil imports fell from the years between 1990-1995 from 34% to 29% in 2005-2009. 

The decrease of EU(27) imports is mostly the result of the reduction of energy-intensive activities, 

energy source diversification and the emerging trend of using clean energy fuels. A similar trend 

can be observed for the US and Japan, however imports are projected to increase in the Rest of 

the World.
264

  

 

Consumption 

Oil is the world’s leading fuel at 33.1% of global energy consumption, even though it is losing its 

market share for the twelfth consecutive year.
265

 Oil consumption has been decreasing over the 

past six years in OECD countries, reaching its lowest level in 2011 since 1995. The following table 

shows that oil consumption in non-OECD countries grew year-on-year by 2.8%, where Chinese 

contribution to global consumption growth was the largest at 5.5%, which, however, is lower than 

the 10-year average. 

 

Table 5.5 Consumption of crude oil, 2004-2011 

Consumption 2004 2005 2006 2007 2008 2009 2010 2011 2011 share 

of total 

Total World 82 746 83 925 84 873 86 321 85 768 84 631 87 439 88 034 100.0% 

OECD 49 535 49 946 49 804 49 632 48 023 46 009 46 523 45 924 51.5% 

Non-OECD 33 211 33 979 35 069 36 689 37 745 38 623 40 917 42 111 48.5% 

EU 14 891 15 030 15 044 14 755 14 685 13 949 13 860 13 478 15.9% 

Former Soviet 

Union 
3 748 3 745 3 921 3 857 3 983 3 827 3 893 4 110 4.7% 

Source: BP (2012) BP Statistical Review of World Energy June 2012. 

 

Summary of EU position 

The following table summarises the key statistics for the EUs relative position in crude oil 

production, consumption and trade. 
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  BP (2012) Statistical energy Review. 
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  BP (2012) Statistical energy Review. 
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Table 5.6 Crude Oil production, consumption and trade flows 

Period 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 
Change 

2002-11 

Global production (tbd) 74 493 76 860 80 358 81 391 81 687 81 729 82 335 80 732 82 480 83 576 12.2% 

EU production (tbd) 3 336 3 124 2 898 2 655 2 419 2 384 2 219 2 086 1 950 1 692 -49.3% 

% EU share of world 

production 
4.5% 4.1% 3.6% 3.3% 3.0% 2.9% 2.7% 2.6% 2.4% 2.0% -2.5% 

Global consumption (tbd) 78 187 79 686 82 746 83 925 84 873 86 321 85 768 84 631 87 439 88 034 12.6% 

EU consumption (tbd) 14 704 14 754 14 891 15 030 15 044 14 755 14 685 13 949 13 860 13 478 -8.3% 

% EU share of world 

consumption 
18.8% 18.5% 18.0% 17.9% 17.7% 17.1% 17.1% 16.5% 15.9% 15.3% -3.5% 

World imports (tbd) 44 613 46 752 49 290 51 182 52 561 55 554 54 626 52 333 53 510 54 580 22.3% 

Europe
*
 imports (tbd) 11 895 11 993 12 538 13 261 13 461 13 953 13 751 12 486 12 094 12 086 1.6% 

% EU consumption 

imported 
80.9% 81.3% 84.2% 88.2% 89.5% 94.6% 93.6% 89.5% 87.3% 89.7% 8.8% 

World exports (tbd) 44 613 46 752 49 290 51 182 52 561 55 554 54 626 52 333 53 510 54 580 22.3% 

EU exports (tbd) 2 234 2 066 1 993 2 149 2173 2 273 2 023 2 034 1 888 2 065 -7.6% 

% EU production exported 67.0% 66.1% 68.8% 80.9% 89.8% 95.3% 91.2% 97.5% 96.8% 122.0% 55.1% 

EU self-sufficiency ratio 22.7% 21.2% 19.5% 17.7% 16.1% 16.2% 15.1% 15.0% 14.1% 12.6% -10.1% 

*European members of the OECD plus Albania, Bosnia-Herzegovina, Bulgaria, Croatia, Cyprus, Former Yugoslav Republic of Macedonia, Gibraltar, Malta, Romania, Serbia and Montenegro, Slovenia. 

Source: BP (2012) BP Statistical Review of World Energy June 2012, Ecorys own calculations/. 
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 Crude oil production in the EU is declining, while it is increasing on a global level. 

Comparing the production of crude oil on EU and global level over the course of the past ten 

years, World production has increased by around 12% between 2002 and 2011, while the EU 

production declined by almost 50% over this period. Accordingly, the EU share of world 

production has decreased by 2.5 percentage points between 2002-2011; 

In contrary to Global crude oil consumption, EU consumption is following a downward 

trend. EU consumption has decreased by 8.3% since 2002, however, this decrease is much 

smaller than the decrease in EU production. Consequently, the proportion of EU consumption 

dependent on EU imports increased by 8.8 percentage points over the period, and is around 80-

90%. This means that the EU is largely dependent on crude oil imports from the rest of the 

world; 

 Increasing crude oil dependency of Europe. The increasing crude oil dependency of Europe 

is also seen from the decreasing EU self-sufficiency ratio, which measures the extent to which 

EU production meets its consumption needs. Over the last decade, this ratio decreased by 

around 10 percentage points, and is around only 12.6% in 2011. This means, EU production of 

crude oil meets only 12.6% of EU consumption needs. 

 

As the graph below shows, EU crude oil dependence is increasing and the region is mostly reliant 

on imports from Russia. 

 

Figure 5.10 Net import dependency of the EU 

 
Source: EEA (2012) Net Energy Import Dependency (http://www.eea.europa.eu/data-and-maps/indicators/net-energy-import-

dependency/net-energy-import-dependency-assessment-2).  

 

Secondary markets, recycling and re-use 

Compared to other resources there exists no considerable market to recycle crude oil. However, on 

a small scale, used oil, e.g. old car oil, is re-refined and used again in power plants, cars or 

industrial boilers. Nevertheless, these projects have a rather pilot character and in comparison to 

the amount drilled every day they are negligent. 

 

Criticality assessment for the EU 

Analysing the production and consumption patterns discussed above, as well as global trade flows, 

leads us to some conclusions on the criticality of crude oil for the EU. 

 

http://www.eea.europa.eu/data-and-maps/indicators/net-energy-import-dependency/net-energy-import-dependency-assessment-2
http://www.eea.europa.eu/data-and-maps/indicators/net-energy-import-dependency/net-energy-import-dependency-assessment-2
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The Figure 5.10 above shows the high dependency of the EU on other countries, especially on the 

OPEC and Russia. In 2011, Europe was the biggest importer of crude oil and covered nearly 25% 

of the imported crude oil worldwide.
266

 

 

The export analysis shows the high dependency of the OECD countries on the OPEC and Russia. 

Together they cover 63% of the crude oil exported in the whole world and hence influence and 

dominate the market. However, since there are new technologies to extract oil, e.g. fracking and oil 

sand extraction, this dependency became less significant for Canada and USA. On the other side 

these countries use a lot of crude oil domestically, and their export rates are very low. In general it 

can be stated that the crude oil market is oligarchic organized with several key players in the Middle 

East and the former Soviet Union. Due to new technologies more oil flows appear and the market 

becomes more diverse. Especially Saudi Arabia was and is able to counterbalance disruptions in 

crude oil supply and hence helps to keep the market stable. This, and the fact that the OPEC is 

interested in a closer coordination and cooperation with the EU, makes the crude oil market 

relatively stable.  

 

In general it is very hard to predict the development of the crude oil market in the future. The energy 

market is intricate and a lot of uncertainties are influencing the market. The risks determining the oil 

price and hence the development of the energy and industry in the EU is connected to some 

uncertainties. First of all, it is dependent on some geopolitical developments, e.g. stability of oil 

exporting nations, terrorist attacks and oil embargos, but also on the economic development, 

natural disasters, and new technological innovations.  

 

The impact of price changes on the competitiveness of EU sectors 

This section looks at some potential impacts on the competitiveness of the EU ‘crude oil’ sector and 

thereof resulting the potential impacts on downstream industries.  

 

Oil production 

As stated in the oil study by Purvin & Gertz (2008)
267

 crude oil prices are determined in the short 

run by supply and demand for different types of crude oil and in the long run by the costs of finding, 

drilling and transporting crude oil to the market. Currently, the price of crude oil remains high not 

only because more expensive techniques are needed to extract crude oil, but also due to private 

interests of OPEC countries, speculation, uncertainty on the market and lack of investment in 

production. Moreover, the price level is determined by the type of refining capacity and the level of 

spare crude oil capacity. As the production of non-OPEC producers is running at full capacity, the 

amount of spare capacity is determined by the spare capacity of OPEC. As a result, it is highly 

probable that the volatility and instability that have characterized the market for many years will stay 

also in the future, especially because the domestic production of crude oil in the EU is declining. 

Another component is the increase of the sensitivity and exposure to potential disruptions.  

 

Other sectors 

Prices changes in the crude oil sector have consequences on more or less all sectors in the 

European economy. The reason is not because every sector needs crude oil, but because every 

sector is dependent on energy and transport costs. Therefore, low crude oil prices result in 

economic growth and vice versa; the European economy and crude oil prices are highly mutually 

dependent. Related to this is the refinery industry in Europe, and in particular new legislations and 

restrictions. The processing industry in this sector has high CO2 exposures and since the 

introduction of the European Emissions Trading System (ETS) crude oil products are also highly 
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dependent on the legal framework. According to the study by Purvin & Gertz (2008) the European 

refining industry has become increasingly out of balance with domestic demand, and as a result the 

EU is increasingly reliant on trade flows to balance demand with supply. 

 

Additionally, the transport sector is strongly affected by the crude oil prices, with an average of 57% 

of all oil consumed in Europe. However, some shifts in the different types of petroleum could be 

observed. Especially in the last years there was an increase in diesel and kerosene demand and a 

decline in gasoline demand. Among others, it is a consequence of new European legislations with 

the aim to cut CO2 emissions from the transport sector. This development could be accelerated due 

to the introduction of hybrid- and fuel-cell cars in the coming years.  

 

Completeness of price message 

The actual market prices are mostly distorted by various factors, e.g. externalities, market 

structures (e.g. cartels, monopolies, oligopolies), failures to fully price in scarcity and the role of 

taxes and subsidies. In the following part these will be discussed for the case of crude oil.  

 

Externalities 

When observing the price development of crude oil, externalities should not be ignored. To produce 

a barrel of crude oil costs the big companies, e.g. Exxon, between $14 to $19. However, in this 

price macroeconomic adjustment costs, the potential loss of GDP, wealth transfers, military, 

strategic or political costs are neglected. According to a calculation of Milton Copulus (National 

Defense Council Foundation)
268

 one barrel of oil in the US should cost the US $480. In here the 

direct and indirect costs of oil, the economic costs of oil supply disruption, and military expenditures 

are included. Furthermore, there are additional environmental costs, from water and soil pollution, 

and the loss of species and ecosystem services such as cleaning the water and air. Summarizing 

all these costs together, from production to the use, Andrew Simms (New Economics 

Foundation)
269

 came up with a damage bill for BP of $51 billion a year.  

 

Hence, in the crude oil sector as in many other resource industries, negative externalities are not 

fully reflected in globally traded prices. Although producers in the EU are subject to the EU ETS and 

therefore have these partially integrated into their costs and therefore prices, they do not reflect the 

whole externalities.  

 

Market structure 

To some extent there is a concentration of crude oil production in a few regions, where OPEC and 

Russia cumulate 45% of the global production. However, the influence of an individual country on 

the oil price is relatively small. The crude oil market in general has a high volatility but the OPEC 

countries, and in particular Saudi Arabia, endeavours to keep the price low.  

 

According to Purvin & Gertz (2008) potential role of traders, hedge funds, etc., on the price are less 

important than the reduced level of spare capacity. On the contrary Kilian and Murphy (2011)
270

 

point out that there are influences of speculative trading, especially before 2000, but they are not 

solely responsible for price surges (between 2003-08). According to them, the factors that influence 

the oil price most are still demand and supply and resulting shifts in trade flows.  
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Failure to recognise scarcity issue 

Crude oil prices adjust relatively rapidly to changes in production capacity, but on the other side and 

even more often, production also adjusts to the actual price level. Production and hence depletion 

of crude oil are not really taken into account in the price definition; the more oil is spilled, the lower 

is the price, even if they know that the amount of the resource is endless. According to Tietenberg, 

(2009) there are three factors that mitigate scarcity: 

1. exploration and discovery of new oil fields - even in the past years new oil fields were 

discovered and the amount of oil reserves had to be adjusted. However, the exact reserves of 

the global crude oil cannot be stated; 

2. Connected to this is the technical progress - new methods and innovative technologies extend 

the use of the already known reserves and extend the amount of economically feasible 

reserves. Forecasts in the past had to be adjusted due to new technologies and exploitation 

methods; 

3. Substitution - on the one side crude oil can be substituted by other fossil fuels, e.g. gas and 

coal, or by nuclear energy and on the other side by renewables energies.  

 

Especially in the last few years there was an expansion of gas and coal power plants due to rising 

oil prices. However, these resources are also determined by scarcity and hence cannot substitute 

oil infinitely. Nuclear energy was on the rise in the past, but since the catastrophe of Fukushima 

many Governments and especially the public is sceptical about this source of energy. The cleanest 

and most sustainable substitution are renewable energies, e.g. solar, wind, water. Nevertheless, 

they need more research and development to compete with the existing energy sources unless the 

externalities mentioned above are included in the calculation.  

 

Furthermore, crude oil production - and reserve prices - do not show the gradual scarcity of it. One 

reason could be the missing closeness to reality and path dependency of the market but also the 

gradual discovery of new oil fields, new technologies and progress in substituting goods. The 

results of a study investigated by Watkins (2005)
271

 support that scarcity is not yet correlated with 

prices.  

 

Role of taxes and subsidies 

Crude oil prices are influenced by taxes and subsidies in producing, processing and consuming 

countries. However, these influences are not always easy to measure. On the production side there 

is for example the export tax levied by the Russian government. The formula for calculating the tax 

relates to the amount of Urals crude quoted in Rotterdam and the Mediterranean over a certain time 

period. It can increase up to a marginal rate of 90% once the crude price is above $35 per barrel.
272

 

Like this most of the producing countries have taxes on the drilling of crude oil and a big amount of 

their financial potency is based on these money (see Figure 5.11).  
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Figure 5.11 Cost structure of the production of crude oil 

 
Source: Purvin & Gertz (2008). 

 

One of the more obvious examples are taxes on gasoline in the individual European countries. With 

help of this petroleum taxes governments can steer the development of the car and vehicle market. 

These taxes differ in different countries (see Figure 5.12).  

 

Figure 5.12 Gasoline price and tax margin in 2006 

 
Source: Purvin & Gertz (2008). 

 

Subsidise are much harder to measure and are often hidden in general financial aids. A study by 

the International Center for Technology Assessment (1998) discovered subsidies in the US 

between $68 and $161 billion from the government, between $283 billion and $1,152 billion in 

health and social costs, and between $233 billion and $579 billion in related costs. On the other 

side, subsidies are also used to foster new technologies, e.g. hybrid and electrical cars, or 

substitutions e.g. Ethanol or rapeseed oil in the EU.  

 

Summary 

In summary the prices of crude oil are one of the most volatile ones and are highly dependent on 

the drilled amount of a few countries as well as the global economic prosperity. Neither scarcity or 

speculations, nor externalities play an important role in price definition, which is to a huge extend 

demand and supply driven. 
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5.2 Solar (renewable) 

5.2.1 Key facts 

Key facts  

Description  Solar Photovoltaic (PV) is a renewable energy technology that converts sunlight to 

electricity using photovoltaic cells.  

Price definition Price has been defined as the total installed cost per KW of DC power solar PV in the 

US, as measured in USD by the OpenPV project of the US National Renewable Energy 

Laboratory (NREL)
273

.  

Globally vs locally 

traded 

Solar PV modules are traded globally, but typically purchased and installed locally. 

Trade flows Global production was estimated at between 20-25 GW in 2010 and is growing rapidly. 

China is by far the biggest global producer, and Chinese firms dominate the top 10 

producers, accounting for approximately 45% of all PV modules. It overtook Japan as 

the single biggest producer in 2007. In 2004, Japan had accounted for around 50% of 

production, now it stands at less than 10%. Taiwan (15%) and Germany (9%) are the 

other single biggest producers. The export-import position of solar PV correlates closely 

with production volumes, with China, Taiwan and Japan all being major exporters. In the 

EU Germany, Spain, Italy, Belgium, Czech Republic and France are all major importers. 

Global volumes Global installed capacity has increased from 5.4 GWp in 2005 to 67.4 GWp in 2011, 

representing an increase of over 1 000% in total and annual growth rates in excess of 

50%.  

2010 Global Value 100 billion euros (25 GW @ 4 000 euro/KW). 

2010 EU Value ~75 billion euros – EU accounts for ~75% of new capacity installed each year. 

Key sectors Renewable energy sector, some relation to ICT due to competition for refined silicon 

resources. 

Environmental 

impact 

Environmental impact of Solar PV is primarily positive as it can partially substitute for 

more polluting energy sources, some hazardous elements (e.g. cadmium) are used in 

modules and need to be safely recycled. 

Data source used US NREL OpenPV prices as published in ‘Tracking the Sun IV: An Historical Summary 

of the Installed Cost of Photovoltaics in the United States from 1998 to 2010’. 

Data coverage 1998-2011 annual prices – monthly also available. 

Additional data 

sources 

Various other data sources exist with lesser historical coverage or calculated on a 

different basis with associated pros and cons. Two common variant measures are (1) 

the levelised cost of electricity (LCOE) which calculates total cost per electricity output, 

this is a more complete measure but data series are too fragmented for it to analyse 

past trends, (2) learning rates – these relate cost reductions to a measure of cumulative 

volume of KW capacity produced or installed, time is indirectly related by this measure 

but it is not possible to construct a viable time-series, learning rates of ~20% (i.e. a 20% 

reduction in price is achieved each time volumes double) are confirmed by various 

sources of this type.  

Unit Original data source: 2010 Constant USD/WDC; 

Conversion to Euro: use of yearly exchange rates from Eurostat. 

Deflator US CPI-U for conversion from USD 2010 constants to nominal prices; 

MUV, 2011=100 (constant prices at year 2011 level). 

Anything other 

relevant for this 

Solar PV is now at, or close to, grid parity in cost terms in Southern Europe. Grid parity 

projected to move in a Northwards wave, related to sunlight (solar insolation, annual 
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Key facts  

specific resource W/m
2
 from sunlight) and solar PV efficiency. 

Selection criteria This resource sub-category was selected to present a more complete range of energy 

technologies and price trends. It can be illustrative in presenting the rapid pace of 

technological advance and contrasting trends compared to fossil fuel based 

technologies, yet the data series are not directly comparable given the various factors 

relevant to secure energy supply.  

Outlook Learning rates expected to continue at ~20%, with global installed capacity doubling 

every 3-4 years until 2020. As a result prices are projected to decrease in a range of 35-

65% by 2020, or by 3-9% annually.  

Trend value Long term trend is of decrease in real prices of 6.2% per annum during 1998-2011.  

 

 

5.2.2 Past trends in resource prices and volatility 

Evolution of real prices 

The following figure plots the monthly prices in constant 2011 Euros. 

 

Figure 5.13 Annual prices of solar PV in 2011 constant EUR per KWDC of installed capacity, 1998-2011 
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Yearly Solar PV prices (in €/installed KWDC and constant 2011 prices)

 
Source: US NREL. 

 

The figure shows clearly that the predominant price movements in real terms for solar PV have 

been downwards, with prices more than halving between 1998 and 2011 from over 7 600 euro/KW 

to 3 330 euro/KW. The trend has not been directly downwards, with price increases experienced 

between 1998 and 2001, leading to peak prices of more than 10 350 euro/KW. The reasons for this 

movement appear primarily related to changes in US$/euro exchange rates at that time, as the 

price index used was measured in US$. The literature reports continued nominal price decreases 

across the whole period, including 1998-2001.  

 

Explanations for solar PV price trends have often focused on the cost of polysilicon, a major 

material component of solar cells. These prices have varied quite considerably over the same 

period, with shortages reported between 2005-2008 driving polysilicon prices high, although the 

visible effects of this on installation prices are limited. One result of higher polysilicon prices has 

been significant investment in new production facilities, which have alleviated shortages. Alongside 

the wider economic weakening from the financial crisis, this has led to relative oversupply in the 

market, compared to the previous years, the effects of this are two-fold in continuing downward 

pressure on prices and falling margins for solar PV firms, this has led to financial problems for some 



 

 

173 Mapping resource prices: the past and the future 

 

solar firms. The size of this supply-demand imbalance in 2011 was estimated at around 20 GW, 

with 50GW global supply capacity and 25-30GW of global demand
274

. This led to accelerated price 

declines through 2011, not all of which are captured in the figure above as the data is only available 

to July 2011.  

 

Key drivers of prices 

Information on drivers is available from various literature. The price of solar PV is understood to be 

closely tied to the following: 

 PV module raw material prices, particularly polysilicon: as described above changes in 

costs and availability of raw materials for producing solar PV arrays, particularly polysilicon, can 

have an important influence on prices. In the short term this can drive prices up, but in the 

medium term the market response to increased demand can also improve supply, both in terms 

of volume and efficiency, driving costs down. This also connects solar PV prices to other 

industries demanding the same raw materials such as ICT; 

 The rate of technological progress: In the 1960’s-1990’s this was closely tied to investments 

in public research and development, which in turn were most closely correlated with oil supply 

and oil prices. The oil shocks of the 1970’s and ‘80’s both prompting significant increases in 

investment in solar PV research funding. These increases typically proved short-lived as oil 

prices returned to ‘normal’ trend levels. The goal of research funding was to improve solar PV to 

a situation where it could achieve what is known as grid-parity, i.e. deliver energy to the grid for 

the same cost as existing fossil fuel based energy technologies. The relationship between 

technological advance and price has been studied closely in the context of learning curves and 

learning rates. These examine how increases in production volumes are related to prices. An 

example for solar PV is presented below, this shows how prices relate to cumulative production 

volumes. The scales on each axis are logarithmic to present the proportional changes equally 

over time. The linear fits show learning rates of 19-23% depending on the period under 

consideration. The longer period having a slightly lower rate reflecting a relative slowing of 

‘learning’ between 2000 and 2010. This relative slowing would appear to be linked to the spike 

in polysilicon prices in 2005-2008 referred to earlier. 

 

Figure 5.14 PV module price [USD2011/W] against cumulative PV installations MW 

 
Source: Breyer & Gerlach, “Global Overview of Grid Parity Dynamics”, Proc 2011 Solar World Congress, Kassel. 

 

A final relevant point in this is how technological change can interact with the first driver, of 

scarcity and component prices, as technological advances can lead to significantly different 

material needs. For example thin-film solar cells require far less silicon than standard cells, 
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reducing exposure to that price aspect, though this can also bring in price exposure to other 

scarce material resources, such as Indium; 

 Public funding of Solar PV R&D: as noted above technological change is an important driver, 

with much of the basic solar PV R&D being publically funded. The relationship between public 

research funding and prices is understood to be weakening as solar PV approaches grid-parity, 

particularly in regions that receive the highest solar insolation (sunlight W/m
2
); 

 Financial support and incentives for solar PV: is also a major price driver. While grid-parity is 

getting closer for solar PV it has not yet been reached in most markets. In this situation the 

direct financial support and other incentives provided primarily by governments, but sometimes 

also energy firms, other companies and NGOs, play a crucial role in driving demand. The vital 

role of public funds for support and incentives is recognised in the solar industry, with examples 

of rapid swings in demand based on funding changes evident in many European countries. 

Prior to the financial crisis the range of subsidies and support offered for solar PV had 

expanded in most countries, many trying to emulate the success of the feed in tariff (FIT) 

scheme in Germany that has successfully spurred an increase in installed solar capacity. Tight 

public budgets following the financial crisis has prompted review of many of these subsidy 

programmes. These demand variations have the potential to impact prices not only at a local 

level, but also to affect global supply trends, which with the learning curve effects noted above, 

has knock-on impacts on prices. This could act as a drag on growth in demand, but as the 

efficiency of the technology continues to improve the need for subsidy also reduces; 

 Relative costs of other energy resources: energy markets are highly cost-competitive, and 

demand for solar PV is strongly influenced by the relative cost of energy from other sources as 

many of these can be direct substitutes, although each fuel type has different characteristics, 

requirements and environmental impacts. High fossil fuel prices would be expected to drive 

demand for solar PV higher, this may lead to short term price increases as demand outstrips 

supply, but will also drive further investment in the technology and supply, bringing prices down 

in the long run. Prices of other renewable fuels will also influence the relative global demand for 

solar, i.e. if the cost of wind energy decreases faster than solar then it would be expected that 

demand for solar would also decrease, with short term price benefits as supply outstrips 

demand, but a slowdown in price decreases as less investment is made in solar PV and more is 

made in wind.  

 

Analysis of volatility 

The short time series of the data makes a detailed volatility analysis difficult. Separating the price 

changes into the main periods as presented in the table below highlights the main trends. This 

demonstrates that over the whole time period prices more than halved, falling by 56.4%, 

representing an average annual decline of 6.2%. The notable changes over this period were from 

1998-2001 when prices increased by 35.7%, or more than 10% a year, before then decreasing at 

exactly the same annual rate for the subsequent 10 year period. As noted previously the price 

increases appear most closely tied to exchange rate issues rather than any specific demand, 

supply or other factors. Other volatility issues also stem from policy changes, which can be abrupt, 

and lead to rapid short term changes, i.e. subsidy reductions. 

 

Table 5.7 Periodic changes in solar PV prices, EUR / KWDC installed, 2011 constant prices 

Years % Total change in 

prices 

Average annual % 

change (compounded) 

Volatility (coefficient of 

variation) 

Total 1998-2011 -56.4% -6.2% 35.3% 

1998-2001 35.7% 10.7% 13.3% 

2001-2011 -67.9% -10.7% 38.8% 
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Using the co-efficient of variance (CV) as a measure of volatility, it is shown that price volatility is 

relatively high at 35.3% over the whole period. It was less volatile as prices increased. Overall, it 

could be considered that prices may be volatile in a technical sense, given the size of annual 

changes, but they are not unpredictable, as they clearly follow a downward path. The size of the 

change each year producing a high CV score. 

 

 

5.2.3 Future trends in Solar PV prices 

Model fit for future prices 

The short time series means it is impossible to produce a robust model fit analysis for solar PV 

prices based on observed trends and data. 

 

Existing forecasts 

Forecast 1: European Photovoltaic Industry Association (EPIA)  

 
Source: EPIA (2011) Solar photovoltaics: competing in the energy sector. 

 

Modelling by EPIA of price changes in solar PV suggest price decreases will continue through to 

2020 with average prices falling by 36-51% in this period, or by around 3-5% each year. This is 

quite consistent with demonstrated learning rates of ~20% (see previous), as installed capacity is 

likely to double 2-3 times over this period. It was noted in the accompanying report that real prices 

to EU consumers could be affected by movements in exchange rates, particularly Euro-renminbi 

(China) rates, as China is a major supplier of solar cells to the EU. It is notable that the learning 

rates only apply to prices of PV hardware, installed prices will vary also by other Balance of System 

(BoS) factors such as labour costs, transport, etc.; which have different learning and drivers.  

 

The figure below presents projected trends in global PV installations through to 2016. With 69GW 

of capacity already installed globally the projected annual additions also support the notion that 

capacity could double twice by 2016.  
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Figure 5.15 Projected trends in global PV installations through to 2016  

 
Source: EPIA (2012) Global Market Outlook for Solar Photovoltaics to 2016. 

 

Forecast 2 International Energy Agency (IEA) 

The IEA has constructed a World Energy Model (WEM) to model expected global energy demand 

over the coming decades. It also makes a variety of assumptions regarding solar PV prices, these 

include the following: 

 Learning rates of 17%; 

 NPS scenario: 33.8% decrease in solar PV capital costs by 2020: additionally, 47.4% total 

decrease in capital costs by 2035; 

 450 scenario: 35.3% decrease in solar PV capital costs by 2020: additionally, 52.8% total 

decrease in capital costs by 2035. 

 

Forecast 3 McKinsey 

 
Source: McKinsey & Co (2012) Solar power: Darkest before dawn. 
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A third forecast from McKinsey & Co addresses some of the market concerns regarding the 

difficulties experienced by some solar manufacturers and falling prices. Price forecasts in this 

model suggest installed costs of PV will fall by 40% by 2015, from $2.90/W to $1.70/W and by a 

further 30% to $1.20/W by 2020, representing overall annual price reductions of around 9%/year. 

These are comparable to the costs and prices forecast in the other studies. 

 

Forecasts: other 

Other studies and market analysis confirm expectations that improvements in cell manufacturing 

techniques will continue to assist in keeping production costs/KW down in the short to medium 

term. Innovations in production include: selective and/or wrapped emitter technologies, pattern 

optimisation, double printing, silver paste formulation improvements and revised wafers. 

 

While production improvements should improve the cost situation, there are some in the market 

that find that Solar PV is priced too low and that this is a contributory factor to the financial 

difficulties many solar firms have faced in the most recent years. From this perspective there is 

pressure for prices to increase, or at least for cost savings to be held by manufacturers, rather than 

passed onto consumers. Yet the market remains highly competitive, particularly among producers 

in China. 

 

Summary 

The scenarios all predict continued rapid expansion of the solar PV sector and for this to be 

associated with falling prices as technological advances, production improvements, over-supply, 

high competition and a variety of other factors keep costs down. Price scenarios to 2020 range from 

annual price decreases of around -3% by the IEA to -9% by McKinsey. 

 

Future price projections 

The short time series and lack of model fit does not allow for us to produce modelled projections of 

future prices. Based on the summary of the other forecasts presented above we would suggest the 

following 3 future price scenarios, which represent base, optimistic (high) and conservative (low) 

views of future price changes: 

 Base case: annual price decline of 6.5% until 2020, based on EPIA projected scenarios of 

prices, learning rates and capacity growth; 

 High case: annual price decline of 9% until 2020, based on McKinsey price change projections; 

 Low case: annual price decline of 3% until 2020, based on IEA price change projections.  

 

The following figure presents these results in constant 2011 prices. This shows that in a base case 

scenario we would expect solar PV prices to decline from 2011 levels of around 3 330 €/KWDC 

installed to around 1 820 €/KWDC installed in 2020, a total increase of 54.7% over the period. In the 

high scenario prices are forecast to decline further to around 1 425 €/KWDC installed in 2020, a total 

decrease of 64.5% over the period. In the low scenario prices are forecast to decrease to around 2 

530 €/KWDC installed in 2020, a total decrease of 36.9% over the period.  
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Figure 5.16 Projection for solar PV prices (in constant 2011 Euros) 
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Source: Ecorys calculations. 

 

 

5.2.4 Competitiveness analysis and behavioural impacts 

Production of solar PV 

The following figure presents the major trends in production shares over the last 10 years. It 

demonstrates that China and Taiwan have seen by far the biggest growth in production since 2001, 

at the expense of Japan and the US which both lost significant market share over this period. 

Germany had gained market share and accounted for around 20% of production by 2008 but since 

then its share has more than halved. 

 

The 5 biggest solar PV module producing companies are Suntech (China), First Solar (US), Yingli 

(China), Trina Solar (China), and Canadian Solar (China) accounting for 33% of the global market.  

 

Figure 5.17 World’s 5 largest single producers of Solar PV 

 

 

Trade flows 

The top global exporters of solar PV products are China and Germany, each accounting for around 

30% of the market between 2007-2011, in 2011 this had tilted towards China 40%, Germany 25%. 

Other major exporters are Japan, Other Asia (e.g. Taiwan) and the US, each with around 10% 

market shares. The total value of exports in this category was $71 billion in 2011 (€51 billion).  
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The top global importers of solar PV products are also China and Germany, but with Germany 

accounting for 40% and China 20%. Other major importers are Italy, the US and Spain, all taking 

around 10% of total imports. Japan is notably absent as an importer, figuring only as an exporter. 

The total value of imports in this category was $67.6 billion in 2011 (€48.6 billion).  

 

It is notable that the EU is a net importer of solar PV products, with only Germany figuring among 

the top exporters, and despite this, Germany is also a net importer. With Italy and Spain also major 

importers the EU remains dependent on imports to meet demand. 

 

There have been some concerns over trade practices by Chinese solar companies, that they have 

access to low interest state loans and are ‘dumping’, i.e. selling products at cost or below cost to 

drive competitors from the market. These concerns have resulted in the US in May 2012 placing a 

31% tariff on some Chinese imports of solar PV, and a 250% tariff on others. 

 

Figure 5.18 Key importers and exporters of Solar PV 
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Source: UN Comtrade data (HS code: 854140). 

 

Consumption 

The EU represents the biggest single market for solar PV products, accounting for 75-80% of total 

installed capacity each year, or over 22GW in 2011. Italy and Germany were the two largest 

markets for solar PV in the world in 2011, installing 9.3GW and 7.5GW respectively. China 

(2.2GW), the US (1.9 GW), Japan (1.3GW) and Australia (0.8GW) were the biggest non-EU 

markets. All markets are expected to continue to grow rapidly over the next decades, with variations 

based on geography (sunlight), other energy sources and the policy and financial incentives in 

place. With the EU having a headstart in solar PV capacity there remains more untapped potential 

in the rest of the world, particularly in the ‘sun-belt’ countries. 

 

Summary of EU position 

The following table summarises the key statistics for the EUs relative position in solar PV 

production, consumption and trade. 
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Table 5.8 Solar PV production, consumption and trade flows, 2006-2010 

Period 2006 2007 2008 2009 2010 
Change  

2006-10 

Global production (MW) 2 459 3 801 7 126 11 315 24 047 878% 

EU (Germany only) 

production (MW) 
469 777 1 399 1 496 2 022 331% 

% EU share of world 

production 
19.1% 20.4% 19.6% 13.2% 8.4% -56% 

Global consumption (MW 

installed) 
1 575 2 529 6 330 7 437 16 817 968% 

EU consumption (MW 

installed) 
987 1 972 5 297 5 803 13 367 1254% 

% EU share of world 

consumption 
62.7% 78.0% 83.7% 78.0% 79.5% 27% 

World imports (USD 

billion) 
19.8 26.0 41.8 38.2 70.7 257% 

EU imports (USD billion) 4.9 7.9 17.0 15.6 31.6 540% 

World exports (USD 

billion) 
20.4 27.3 43.2 38.5 72.5 256% 

EU exports (USD billion) 1.1 1.3 2.0 1.8 1.8 72% 

EU self-sufficiency ratio N/A N/A N/A N/A N/A  

Source: UN COMTRADE, Earth Policy Institute, EPIA. 

 

The following conclusions can be drawn from this: 

 The solar PV industry has seen phenomenal growth in the last 5 years – this is evident in 

growth in production and consumption of 800-1000%; 

 The EU is the biggest global consumer of Solar PV by far, accounting for around 75-80% 

of annual installations - EU consumption has increased by over 1 250% in this short period, 

faster than global growth and cementing its position as no.1 in solar PV installations; 

 The EU accounts for around 40-45% of global solar PV imports – makes it the biggest 

global importer, and this share has been growing in recent years. It is noteworthy that these 

proportions are lower than the EU proportion of global installations, illustrating some level of 

self-sufficiency; 

 The EU as a whole exports very little, and production is primarily for own use – with 

exports of only around 2 billion each year and a lack of growth it is clear that exports are not a 

focus, indeed with the EU as the major global demand centre it is logical to expect any EU 

production to be predominantly sold within the EU. The contrast with the trade flow figures (see 

previous pie-charts) where Germany is a major exporter is an example of this, with a high % of 

exports individually but much lower as the EU as a whole, implying that Germany primarily 

exports intra-EU rather than outside the EU. 

 

The figures are clear that the EU is not self-sufficient in solar PV, it imported over 23.8 billion euros 

(US$31.6 billion) of solar PV in 2010, representing a significant financial outflow. There is some 

production in the EU, primarily in Germany, this represented less than 10% of global production in 

2010 and is primarily sold within the EU. 
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Secondary markets, recycling and re-use 

The lifespan of solar PV systems of 10-25 years and the relatively recent mass installation trends 

mean that secondary markets for solar PV are negligible at present. This may change in the next 10 

years, and pilot schemes have already been tried out to recycle panels
275

. These are not yet 

economically viable but have proven it is possible to recycle high proportions of the glass, metals 

and minerals used in panels. To make this market viable there will most likely be a need to 

introduce producer responsibility rules.  

 

Criticality assessment for the EU 

The issue of criticality in terms of a technological product such as solar PV is interesting. Clearly 

solar PV is playing an important role in EU energy supply and policy, and is expected to continue to 

do so in the future. At the same time alternative energy technologies do exist, both fossil and 

renewable, so that substitution is possible. But there are environmental and potentially cost 

advantages from having solar PV as part of the future energy mix and therefore it would be 

considered a strategically important technology. 

 

The existence of production facilities and access to source materials within the EU, mostly 

concentrated in Germany, provides some small self-sufficiency for the EU, but it is clear that 

Chinese firms currently dominate the market and the EU is a heavy importer of these products. The 

value of this trade and the availability of alternative technologies (e.g. gas, wind) and suppliers (e.g. 

Taiwan, Japan) make it unlikely that this trade would be put at risk.  

 

Criticality of solar PV for the EU could be assessed as moderate on balance of these issues, it is 

critical from a policy and strategy point of view, but non-critical from a resource perspective, with 

low supply risks overall.  

 

Impact of price changes on the competitiveness of EU sectors 

Criticality is not expected to play a major role in the impact of price changes on the competitiveness 

of the EU solar PV industry and other sectors. But the projections for continued significant price 

declines for solar PV per KW installed can be expected to also have significant competitiveness 

effects on their own.  

 

Solar PV production 

As profiled above, the EU does have a solar PV production industry, but this is not enough to meet 

EU demand, and most EU exports are intra-EU. Global competition in the solar PV sector is fierce, 

this has already seen the market share of EU (German) producers squeezed from 15-20% to less 

than 10% in the most recent years. The scale of investments in China and other low-wage high-skill 

economies is likely to continue to cement their advantage in a future of falling prices, as cost-cutting 

becomes proportionally more important. EU producers will need to respond by improving production 

efficiencies and reducing waste.  

 

Perhaps the major unknown factor is technological change, this is not a linear process and a 

specific breakthrough in more efficient or lower cost production by an individual market player could 

have a major impact upon the market. This would be expected to arise in firms that have made the 

biggest R&D investments. 
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On balance we would expect the forecast future of price decreases to pose important challenges for 

EU producers to remain competitive, particularly given relative labour costs and the significant 

investment and leading positions already held by non-EU firms. 

 

Other sectors 

Falling prices for solar PV installations could have significant positive impacts for the EU in terms of 

energy costs and security of supply. Lower prices for solar PV will enable more capacity to be 

installed and for costs to be moved towards, and then potentially below, grid parity, assuming fossil 

fuel prices continue to increase. This would provide economic opportunity and gain to economies 

that invest heavily in solar PV, if it can reduce their energy costs relative to other economies. 

Current trends in the EU suggest that it has more established skills, support and mechanisms to 

enable solar PV take-up and could therefore develop a relative advantage over competitors if this 

situation persisted. This could have benefits across the whole economy. 

 

Completeness of price message 

Price signals can become distorted in various ways and not give a ‘true’ reflection of all the factors 

at play. This can be a particular issue in terms of environmental and other externalities, but can also 

be caused by market structures (e.g. cartels, monopolies, oligopolies), failures to fully price in 

scarcity and also the role of taxes and subsidies. In respect of solar PV the following assessment is 

made in terms of the completeness of the price message.  

 

Externalities 

While there are some negative environmental externalities associated with the production of solar 

PV and the materials and energy used, this has been shown to be relatively minor compared to the 

‘payback’ in energy and avoided emissions over time. In this sense the positive externalities could 

be argued to be under-priced in solar PV prices as the higher negative externalities of many 

competing energy technologies are not fully taken into account. 

 

Market structure 

The market for solar PV is highly competitive but there are some peculiarities in the market. The 

major feature is the dominance of Chinese firms in the market and role they play. Attention has 

been drawn to the links of these firms to government and ability to receive ‘soft loans’ which are 

used to give them an unfair competitive advantage and offer products at lower than fair prices. This 

is the underlying reason for the recent US imposition of tariffs on Chinese produced products as 

they believe this is a policy of ‘dumping’ to unfairly drive competition from the market, establish a 

market and technological lead before raising prices to benefit. It is unclear if the EU will follow with 

similar tariff measures. 

 

Failure to recognise scarcity issue 

Scarcity is not a major factor for Solar PV in terms of raw materials and the current situation is one 

of oversupply of poly-silicon and other components. There are some concerns related to thin film 

solar PV and its use of scare resources such as copper, indium, gallium and selenium, the so-

called CIGS. Price issues in these resources are analysed separately in the report. 

 

Role of taxes and subsidies 

This is the biggest area of price completeness issues for solar PV. At present the market is highly 

driven by the policy framework, targets, favourable incentives, subsidies and tax regimes in various 

countries. These have highly significant effects on demand which then can feed through into prices.  
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It could be argued that subsidies, taxes and other incentives are widely applied across all energy 

technologies and fuels and that the effect somewhat evens out. Nevertheless at present solar PV is 

understood to be cost-competitive without these favourable tax/subsidy conditions in only the 

sunniest locations. This is changing with a cost-competitive frontier moving into less sunny areas as 

the technology becomes more efficient in most locations.  

 

Summary 

In summary solar PV prices are subject to various pressures in terms of completeness, they are 

perhaps undervalued in terms of their environmental benefits, but at the same time and most 

significantly receive substantial policy support in terms of frameworks, targets, taxes and subsidies. 

The effect of this is to move prices lower than they would be otherwise, which can be argued as a 

necessary measure to achieve strategic energy and climate objectives.  

 

 

5.3 Wind energy (renewable) 

5.3.1 Key facts 

Key facts  

Description  Wind energy is a renewable energy technology that converts wind to electricity via a 

wind turbine. Wind turbines can be situated onshore or offshore and can vary 

significantly in size and capacity. 

Price definition EWEA Investment cost for onshore wind, 2005 € per KW
276

. This represents the total 

cost per KW of installed capacity, taking all costs into account. 

Globally vs locally 

traded  

Wind turbines are produced and sold globally but investments in wind parks are tied to 

localities. 

Production and 

Trade flows 

The top global producers of wind turbines can be found in the following countries – with 

approximate 2011 market shares by capacity: 

China: Sinovel (9%), Goldwind (8.7%), Guodian United Power (7.4%), Ming Yang 

(3.6%) – Total (28.7%); 

Germany: Enercon (7.8%), Siemens (6.3%) – Total (14.1%); 

Denmark: Vestas (12.7%); 

Spain: Gamesa (8%); 

US: GE Wind Energy (7.7%); 

India: Suzlon (7.6%). 

Trade data is not available to analyse trade flows in detail. The EU is understood to be a 

major importer and exporter, the US a net importer and China largely self-sufficient. 

Global volumes Total global installed capacity at end of 2011 is estimated at 238GW, with 40.5GW 

added in 2011. Only 4.1GW (1.7%) of the 238GW total is offshore wind, with the UK and 

Denmark the world leaders in this. The EU is a major market for wind power with total 

cumulative installed capacity of around 94GW (39.5% of global total) and annual 

installations in 2011 (and 2010) of around 9.6 GW (23.7% of global total). Germany, 

Spain, France, Italy, the UK, Portugal and Denmark are the main EU users of wind 

energy. Respective figures for the two other main regions are: 

Asia: 82GW total (34.5%) with 20.9GW (51.6%) added in 2011; 

North America: 52.8GW (22.2%) with 8.1GW (20%) added in 2011. 

2010 global value The 40.5GW of capacity installed globally in 2011 was worth an estimated to be worth 

more than €50 billion. 

2010 EU value The 9.6 GW of capacity installed in the EU in 2011 was worth an estimated €12.6 billion. 
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Key facts  

EU Self-sufficiency 

ratio 2010 

146.4% 

Key sectors Wind turbine production, energy.  

Environmental 

impact 

In general positive impacts by displacing fossil fuel power plants but some negative 

impacts through: steel and materials required in production, danger to birds, disturbance 

to natural environment in wind parks, visual and noise impacts.  

Data source used EWEA data: EWEA (2009) Pure power: wind power targets for 2020 and 2030. 

Data coverage 1990-2030 annual prices. 

Unit Original data source: 2005 € constant. 

Deflator e.g. MUV, 2011=100 (constant prices at year 2011 level). 

Selection criteria Growing importance of renewable energies, Wind power has one of the highest 

potentials in the short term to de-carbonise the energy mix.  

Outlook Price declines expected in all scenarios, ranging from 0.5%-2.5% annual decline. Base 

case scenario sees prices per installed KW onshore wind fall from 1 290 €/KW in 2011 

to around 1 127 €/KW in 2020. 

Trend value Long term trend is of decrease in real prices of 2.9% per annum during 1990-2011.  

 

 

5.3.2 Past trends in resource prices and volatility 

Evolution of real prices 

The following figure plots annual prices for wind energy per KW installed in constant 2011 Euros. 

 

Figure 5.19 Annual prices of Onshore Wind Energy in 2011 constant EUR per KW of installed capacity, 

1990-2011 
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Source: EWEA (2009) Pure power: wind power targets for 2020 and 2030. 

 

The figure shows three main price trends over time. From the first price point in 1990 of over 2 000 

euro / installed KW prices charted a strong downwards trend until 2002, where they reached a low 

of 984 euro / installed KW. This was a product of significant learning in wind energy technology as 

installed capacity grew rapidly, and also in 1999-2002, due to over-capacity among producers. A 

change arrived in 2002 and prices began to steadily increase until 2007. This change was driven by 

various factors, the two most important among these were: an imbalance in supply and demand, 

with wind turbine suppliers unable to keep pace with rapidly increasing demand; and from around 

2004-2005 the price of steel as it is a significant cost component of turbines and steel prices began 
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to increase at this time due to a surge in demand from industrialising countries. Both these factors 

began to be alleviated by 2007-2008, suppliers having expanded production capacity to help 

reduce bottlenecks and delivery times and the financial crisis leading to slower increases in 

demand for turbines as wind farm projects were put on hold or cancelled, and global demand for 

steel declined. Since 2007 prices have declined and now stand at 1 290 euro/ installed KW, or 

almost half of their 1990 levels. 

 

Key drivers of prices 

Information on drivers is available from various literature. The price of wind energy is understood to 

be closely tied to the following: 

 Wind turbine supply and demand: has been a powerful driver of prices, particularly in the late 

1990’s-early 2000’s as supply of wind turbines outpaced demand and prices fell drastically and 

the mid-late 2000’s as demand significantly outstripped supply, which led to long waiting lists for 

delivery of turbines and higher prices; 

 Cost of raw material resources, particularly steel: the price of steel, as a major material 

component for wind turbines – in the tower and nacelle – is also an important factor in the cost 

of producing a wind turbine. Other materials are also of concern with some rare earth materials 

being used in the electronics and generator components; 

 The rate of technological progress and operational learning: there are significant research 

and engineering efforts to reduce the costs of wind energy. Improvements to reduce relative 

costs include increasing the size of turbines, as power output increases disproportionately to 

size, i.e. bigger is much better. Advancements in low-wind speed turbines increase the range of 

conditions in which turbines can generate energy, increasing their capacity factors. Learning 

from operational wind farms has also improved knowledge on the most efficient lay-outs and 

operations and maintenance regimes (O&M) to reduce costs and maximise output. The goal of 

these efforts is to continually push costs towards, and eventually below, grid-parity or the costs 

of competing fossil fuel based technologies. A 2008 EC study summarised a learning rate of 8% 

for onshore and offshore wind technologies
277

, while other reports
278

 suggest rates as high as 

15%. Public funding of wind R&D has a role to play within this learning, but the technology is 

more advanced than solar in this respect, at least onshore, therefore funding is somewhat 

scaled back and focused on the technological and technical challenges presented by offshore 

wind; 

 Financial and policy support and incentives for wind energy: is also a major price driver. 

Grid-parity for onshore wind energy has started to become a reality in some sites and markets 

but is not yet widespread. Financial incentives such as subsidies, guaranteed prices and buyers 

and favourable tax treatment remain highly important for driving investment in wind energy, 

particularly in the emerging offshore wind market. As with solar PV, the vital role of public funds 

for support and incentives is recognised in the wind energy industry, with examples of rapid 

swings in demand based on funding changes evident. These demand variations have the 

potential to impact prices not only at a local level, but also to affect global supply trends, which 

with the learning curve effects noted above, has knock-on impacts on prices. The policy 

framework is also crucial for investors to proceed with confidence that incentives will be 

relatively stable across the life of an investment and that they perceive it is part of an integrated 

energy policy; 

 Relative costs of other energy resources: as with solar PV, energy markets are highly cost-

competitive, and demand is strongly influenced by the relative cost of energy from other 

sources. High fossil fuel prices would be expected to drive demand for wind energy higher, this 

may lead to short term price increases as demand increases, but again will drive further 
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investment in the technology and supply, bringing prices down in the long run. Wind and solar 

PV have different characteristics and needs, including often requiring quite different locations to 

work most effectively and that solar is much more suited to small house or business level 

installations of a few KW while wind energy is best suited to large multi-MW farms. In this sense 

they are more likely to be complementary to each other at a national level, rather than 

substitutes, therefore the impact of relative costs should be lessened; 

 Cost and accessibility of capital: as noted on the previous point, wind energy is best suited to 

deployment at relatively large-scale in wind-farms, this requires much more significant 

investment capital to proceed with a project. The ease of access to capital funding and the cost 

of capital itself can have a major bearing on the cost of installed wind energy. This was 

understood to have put a major brake on the industry at various points, early in development of 

the wind energy sector the relative newness and uncertainty led to high capital costs, this is 

changing as the industry has become established. The financial crisis put the brake on many 

projects as capital was either frozen or costs jumped, this is also now understood to be easing 

as record-low interest rates and recovery takes root
279

; 

 Energy infrastructure and demand trends: wind energy performance and expansion is limited 

by the energy infrastructure around it. Wind-farms need appropriately scaled grid connections to 

ensure all the energy they produce can be delivered to the grid and used. The structure of the 

energy generation itself, between different fuel types and their availability and response times 

can also have an impact on the efficiency and cost of wind energy. Alongside these supply 

issues are consumption patterns, which dictate when energy is needed and the price that can 

be charged; 

 Availability of suitable locations: the cost and availability of land with high average wind-

speeds is important to the price development of wind energy as this influences the amount of 

energy that is generated and also the initial capital investment required. It is typical for the best 

sites to be used first and given development of the sector many of these have now been taken, 

leaving sites with lower average wind-speeds, those that are more remote or those which face 

objection from residents and stakeholders. This increases the overall cost, and/or reduces the 

return on investment. As described above, technological advance can offset some of these 

problems as low-wind speed turbines become more efficient, opening up more locations as 

viable sites. 

 

Analysis of volatility 

The short time series of the data makes a detailed volatility analysis difficult. Separating the price 

changes into the main periods as presented in the table below highlights the main trends. This 

demonstrates that over the whole time period prices almost halved, falling by 46.3%, representing 

an average annual decline of 2.9%. The notable changes over this period were from 1990-2000 

when prices decreased by 37.6%, or 4.6% a year, before then increasing by an annual average of 

1.4% in the period 2001-2011 as a result of the trends described previously and 2000 being close 

to the lowest price over the whole period.  

 

Table 5.9Periodic changes in wind energy prices, EUR / installed KW, 2011 constant prices 

Years % Total change in 

prices 

Average annual % 

change (compounded) 

Volatility (coefficient of 

variation) 

1990-2000 -37.6% -4.6% 18.5% 

2001-2011 16.7% 1.4% 15.4% 

Total 1990-2011 -46.3% -2.9% 19.0% 
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Using the co-efficient of variance (CV) as a measure of volatility, it is shown that price volatility is 

relatively low at 19% over the whole period. Prices have been less volatile in each individual period 

and least volatile between 2001-2011.  

 

 

5.3.3 Future trends in wind energy prices 

Model fit for future prices 

The short time series means it is impossible to produce a robust model fit analysis for wind energy 

prices based on observed trends and data. 

 

Existing forecasts 

Forecast 1: EWEA: (2009) the Economics of Wind Energy and (2009) Pure Power 

 

 

Forecast price developments from the European Wind Energy Agency show a continued trend for a 

slow decline in capital costs for both onshore and offshore wind power through to 2030. The 

estimate was based on a starting price for onshore wind of 1 300 €/KW in 2007, falling to around 

826 €/KW by 2020. This reflects a decline in costs of around 36.5% or 2.4% annually. The changes 

for offshore wind follow a similar trend, although cost savings come later, they are faster and last 

longer. 

 

Forecast 2 UK Committee on Climate Change (2011) Costs of low-carbon generation technologies 
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The forecast from the UK committee on climate change sees wind energy capital costs falling 12% 

to 88% of their 2011 levels by 2020, translating to an annual decline of 1.4% in a central scenario. 

In a base scenario it sees capacity increasing by over 140% on current levels by 2020, or an annual 

average growth rate of around 9%.  

 

 

 

Forecast 3 IEA (2011)  

The IEA has constructed a World Energy Model (WEM) to model expected global energy demand 

over the coming decades. It also makes a variety of assumptions regarding wind energy prices, 

these include the following: 

 Learning rates of 5% for onshore wind and 9% for offshore wind; 

 NPS scenario: 3.6% decrease in onshore, but 30.5% decrease in offshore wind capital 

costs by 2020: these are respectively, 4.1% and 44.3% total decreases in capital costs by 

2035; 

 450 scenario: 0.6% decrease in onshore, 32.8% decrease in offshore wind capital costs 

by 2020: these are respectively, 5.9% and 48.7% total decreases in capital costs by 2035. 

 

Forecast 4: Global Wind Energy Council (2012) 

 

 

The Global Wind Energy Council (GWEC) provides a market forecast for 2012-2016, this shows 

that annual capacity installations are projected to grow steadily across this period, and that global 

installed capacity is expected to more than double in 5 years. This provides insight into cost 

impacts based on learning rates for wind energy. It would be expected therefore that this doubling 

of capacity will be associated with learning rates of 5-15%, taking the midpoint of this range, 10%, 
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from a 2011 price of 1 291 €/KW the cost will decline to 1 162 €/KW by 2016, or approximately 

1.9%/year.  

 

Summary 

The forecasts all project falling costs for onshore and offshore wind, but particularly for offshore 

wind. The size of the decline forecast between now and 2020 varies considerably, from a low of 

0.6% total cost decrease in the IEA 450 scenario, to a high of 36.5% in the EWEA base scenario. 

This reflects the interests of these organisations, with the IEA known for taking a conservative view 

on renewables and EWEA having obvious reasons for optimistic projections.  

 

Future price projections 

The short time series and lack of model fit does not allow for us to produce modelled projections of 

future prices. Based on the summary of the other forecasts presented above we would suggest the 

following 3 simple linear future price scenarios, which represent base, optimistic (high) and 

conservative (low) views of future price changes: 

 Base case: annual price decline of 1.5% until 2020, based on GWEC and UK CCC scenarios of 

prices, learning rates and capacity growth; 

 High case: annual price decline of 2.5% until 2020, based on EWEA price change projections; 

 Low case: annual price decline of 0.5% until 2020, based on IEA price change projections.  

 

The following figure presents these results in constant 2011 prices. This shows that in a base case 

scenario we would expect onshore wind energy prices to decline from 2011 levels of around 1 290 

€/KW to around 1 127 €/KW in 2020, a total increase of 12.7% over the period. In the high scenario 

prices are forecast to decline further to around 1 028 €/KW in 2020, a total decrease of 20.4% over 

the period. In the low scenario prices are forecast to decrease to around 1 234 €/KW in 2020, a 

total decrease of 4.4% over the period.  

 

Figure 5.20 Projection for onshore wind prices (in constant 2011 Euros) 
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Source: Ecorys calculations. 

 

 

5.3.4 Competitiveness analysis and behavioural impacts 

Production and installation of wind turbines 

Production of wind turbines has moved closely with consumption (installation) as production is 

typically installed as soon as possible, due to the high amount of capital involved and the need to 

get this to bring a return on investment as soon as possible. Consumption trends are analysed 

below and these show rapid growth, averaging over 25% annually, over the last 15 years. 
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The major growth regions in the earliest years of wind energy were North America and Europe, with 

production also led by countries in these regions, most importantly the US, Denmark, Germany, 

and later, Spain. These first movers have largely retained control of wind turbine production, 

although in the last 5 years Asia has exploded onto the wind energy scene and producers in China 

and India have claimed significant market share, primarily in their domestic markets. There remains 

a significant domestic link in production and market share, for example with Vestas, Siemens and 

Gamesa in Europe and General Electric in the US.  

 

The leading firms in wind energy take a dominant role in the sector, the top 10 firms
280

 accounting 

for almost 80% of the total market. Among these, Chinese firms in the top 10 take a 28.7% global 

market share and German / Danish firms around a 15% share each. 

 

1. Vestas (12.7%) Denmark; 

2. Sinovel (9%) China; 

3. Goldwind (8.7%) China; 

4. Gamesa (8%) Spain; 

5. Enercon (7.8%) Germany; 

6. GE Wind Energy (7.7%) US; 

7. Suzlon (7.6%) India; 

8. Guodian United Power (7.4%) China; 

9. Siemens (6.3%) Germany-Denmark; 

10. Ming Yang (3.6%) China. 

 

 

The installation cost of a wind turbine is equivalent to the price of wind energy. An EWEA
281

 

breakdown of this cost per MW (see figure-table 1.1 above) shows the cost of the turbine itself is 

typically the biggest cost component of a wind energy installation by far, accounting for around 75% 

of the total cost. The next most important cost components are grid connections, foundations and 

land rent. Financial costs are ranked as a relatively minor cost component at 1.2% of total costs. 

 

This is interesting from a competitiveness point of view as it highlights that although land scarcity 

and access to finance are important factors in siting and going ahead with a wind-farm project, that 

the most important cost factors remain the physical engineering and equipment. 

 

Trade flows 

There is a significant trade in wind energy equipment globally but this is not captured by existing 

trade codes. Estimates of trade are therefore relatively piecemeal and focused on specific markets. 

Some of the best data is provided by EWEA for the EU market and producers. As the dominant 

global market and producer until relatively recently this can provide some insight into global trade 

flows. Table 5.10 presents data on EU-based trade flows, this shows that the EU is a net-exporter 

of wind energy products and services. Exports totalling 6.2 billion euros in 2007 and having risen to 

8.8 billion euros by 2010, over the same period imports also grew from 2.5 billion euros to 3.2 billion 

euros. Net exports therefore totalling 4-5 billion euros over this period. It is understood that the US 

is the biggest export market for EU products, with Asia being more self-sufficient and the rest of the 

world being a relatively small, but growing, market.  
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It is expected that trade flows and market competition will increase in future as low-cost 

manufacturers in India and China attempt to reach international markets. To date their focus has 

been more domestic. This brings a focus on EU products to maintain a technological lead while 

keeping costs down. Trade may also be affected by tariffs and barriers as demonstrated by a recent 

US decision to impose tariffs on Chinese and Vietnamese imports of wind turbine towers. The tariffs 

of 21-73% aim to correct the market for ‘unfairly’ subsidised steel production in these countries 

which enable them to sell at below production cost. 

 

Consumption 

Analysis by the Global Wind Energy Council has charted the annual and cumulative growth in 

consumption (installations) in the wind energy sector since 1996, this charts growth of almost 

3800% in cumulative installed capacity, representing average annualised growth of 27.7%, or a 

doubling of total installed capacity every 3-4 years. Annual capacity additions grew most rapidly 

from 2004-2009, but since 2009 have somewhat stabilised as a result of the financial crisis at 

around 40GW (40 000MW). The sector has been more insulated than most from the crisis due to a 

significant part of recovery funding being earmarked for sustainable energy and being invested in 

wind by national governments and development/investment banks. 

 

Figure 5.21 Global Annual and Cumulative Installed Wind Capacity 1996-2011 

 
Source: GWEC (2012) Global wind report – annual market update 2011. 

 

Europe has been the major consumption growth driver in the last decade with the UK, Netherlands, 

Italy, France and Portugal all putting significant investment into expanding wind power. As 

described in the production section the last 5 years has seen a significant change with Asia 

becoming the new leading market, driven by China and, to a lesser extent, India. The following 

figure presents the global top 10 as measured by GWEC. This shows China becoming the no.1 in 

terms of both total installed capacity and new installations in 2011. By both measures the top 10 

countries account for over 85% of the global total. 
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Figure 5.22 Top 10 cumulative and new installed capacity 

 
Source: GWEC. 

 

Summary of EU position 

The following table summarises the key statistics for the EUs relative position in wind energy 

production, consumption and trade, although only partial data is available. 

 

Table 5.10 Wind energy production, consumption and trade flows, 2006-2011 

Period 2006 2007 2008 2009 2010 2011 
Change 

2006-101 

Global annual production 

(GW) 
15.0 18.5 30.5 35.0 38.5 0.0 

 

EU annual production (GW) 11.4 12.3 
  

14.2 14.3 26% 

% EU share of world 

production 
75.9% 66.3%   37.0%   

Global annual consumption 

(GW installed) 
15.2 19.9 26.6 38.7 38.8 40.6 166% 

EU annual consumption (GW 

installed) 
7.5 8.5 8.2 10.2 9.7 9.3 24% 

% EU share of world 

consumption 
49.3% 42.7% 30.9% 26.4% 25.1% 22.9% -54% 

World imports (Euro billion) 
     

  

EU imports (Euro billion)  2.5 2.9 3.1 3.2   

World exports (Euro billion) 
     

  

EU exports (Euro billion) 
 

6.2 7.7 8.3 8.8   

EU self-sufficiency ratio 151.4% 144.5%   146.4% 154.0% 2% 

Source: GWEC, EWEA, IHS Emerging Energies, BTM Consult. 
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The following conclusions can be drawn from this: 

 The wind energy industry has seen very high growth in the last 6 years – this is evident in 

growth in installations (consumption) of 166% over this period; 

 The EU was historically the biggest global market for wind, but has been overtaken by 

Asia – while EU consumption accounted for almost 50% of global consumption in 2006, this 

has now fallen to 25% or lower, as Asia, particularly China, has grown rapidly; 

 EU manufacturers market share has fallen… – from over 70% of global production in 2006 to 

an estimated 37% in 2010. This is a result of growing production elsewhere, particularly among 

Chinese manufacturers; 

 …but the EU remains a big player and net exporter of wind energy products and services 

– EU exports total almost 9 billion euros, compared to around 3 billion of imports, this 

demonstrates that the EU is a major global player and that the industry is a significant 

contributor to the economy. Self-sufficiency ratios highlight the fact that EU production outstrips 

its own consumption, implying the exports of 6-8 billion euros reflect around 4-5GW of capacity. 

 

Secondary markets: recycling and re-use 

The lifespan of wind energy systems of 10-25 years and the relatively recent mass installation 

trends mean that secondary markets for wind energy are negligible at present. Recycling of wind 

energy sites is very high, with most sites being re-powered, i.e. higher capacity turbines being 

installed on the same sites; and re-used. For used turbines themselves the steel towers are 

valuable and, if not simply re-used, established metal recovery practices exist that could be applied 

to wind turbines relatively easily. This is in contrast to the composite fibre materials used in most 

wind turbine blades, these complex materials pose a more difficult challenge for recycling with the 

main options at present being to mechanically recycle materials to use as a ‘filler’ for wood or 

construction materials, or incineration or landfill.  

 

Criticality assessment for the EU 

The issue of criticality in terms of a technological product such as wind turbines is interesting. 

Clearly wind energy is playing an important role in EU energy supply and policy, and is expected to 

continue to do so in the future. At the same time alternative energy technologies do exist, both 

fossil and renewable, so that substitution is possible. But there are environmental and potentially 

cost advantages from having wind energy as part of the future energy mix and therefore it is 

considered a strategically important technology. 

 

The concentration of production facilities in the EU and the relative abundance of most input 

materials makes wind energy non-critical from a domestic energy perspective, i.e. the EU can be 

more than self-sufficient on its own. Criticality is more important from a competitiveness perspective 

as the sector is delivering important economic benefits to the EU economy through its strong export 

performance, this is explored further in the next sections.  

 

Greater use of magnet-based generators may require more rare earths in wind turbine production. 

It is unclear if this technological path will be followed further in turbine development and production, 

but if this is followed it could become a related criticality issue, this is explored further in the Rare 

Earths section. 

 

Criticality of wind energy for the EU could be assessed as moderate on balance of these issues, it 

is critical from a policy and strategy point of view, but non-critical from a resource perspective with 

very low supply risks.  
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Impact of price changes on the competitiveness of EU sectors 

Wind turbine production and supply chain 

As profiled above, the EU wind industry has a leading role globally and is a major export strength 

for the EU economy. Global competition in wind energy is not as fierce as for solar PV, but similar 

trends are emerging, with lower-cost producers in China and India already well established. To date 

these Asian producers have had a more domestic market focus, this could change over the coming 

years leading to increased competition in international markets where EU industry has an 

established position.  

 

The projections of continued falling prices for wind energy will put pressure on EU industry to cut 

costs and retain a technological advantage. Significant investment in R&D is supported by the EU, 

industry and national institutions to support development of the technology, although competitors 

also have a focus on R&D.  

 

Costs of production of the turbine itself were shown to account for 75% of the total costs of installed 

wind energy. An analysis of production costs for wind turbines
282

 estimated that the 2 biggest cost 

components in turbine production are labour and materials. Labour accounting for around 37% of 

the total costs and materials over 25%. This is based primarily on data from Vestas, the biggest EU 

manufacturer. Such a large labour cost component points to competitive advantages for firms in low 

labour cost countries i.e. Asia. High material costs may affect suppliers equally, but if, as 

understood by US authorities, some countries subsidise these material costs (steel production) then 

this could also pose competitiveness problems for EU industry. The identified issue for potentially 

increased rare earth use could also pose a problem given the supply and price control exerted by 

China. EU producers will need to respond to all these challenges by managing labour costs, 

improving production efficiencies and reliability, and reducing waste. 

 

Table 5.11 Costs of producing wind energy 

Cost component 2001-2010 Average  

(2010 constant US$/KW) 

% 

Labour 195.3 37.1% 

Warranty 64.4 12.2% 

Profit 47.3 9.0% 

Turbine Scaling 23.0 4.4% 

Materials 134.7 25.6% 

Energy 49.7 9.4% 

Currency 11.7 2.2% 

Total 526.1 100.0% 

Source: Ecorys compiled from data in LBNL (2011) Understanding Trends in wind turbine prices over the past decade. 

 

On balance we would expect the forecast future of price decreases to pose important challenges for 

EU producers to remain competitive, particularly given relative labour costs and the growing 

strength of non-EU manufacturers. 

 

Other sectors 

Falling prices for wind energy installations could have significant positive impacts for the EU in 

terms of energy costs and security of supply. Lower prices for wind energy will enable more 

capacity to be installed and for costs to be moved towards, and then potentially below, grid parity, 

assuming fossil fuel prices continue to increase. This would provide economic opportunity and gain 
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  Lawrence Berkeley national laboratory (2011) Understanding Trends in wind turbine prices over the past decade.  
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to economies that invest heavily in wind energy, if it can reduce their energy costs relative to other 

economies. The EU is noted as a historic market leader in wind energy, with a favourable 

geography (wind resource), established industry, skills, policy support and mechanisms to enable 

wind energy take-up. It could therefore develop a relative advantage over competitors if this 

situation persisted. This could have benefits across the whole economy. 

 

Completeness of price message 

Price signals can become distorted in various ways and not give a ‘true’ reflection of all the factors 

at play. This can be a particular issue in terms of environmental and other externalities, but can also 

be caused by market structures (e.g. cartels, monopolies, oligopolies), failures to fully price in 

scarcity and also the role of taxes and subsidies. In respect of wind energy the following 

assessment is made in terms of the completeness of the price message.  

 

Externalities 

While there are some negative environmental externalities associated with the production and 

installation of wind turbines and the materials and energy used, this has been shown to be relatively 

minor compared to the ‘payback’ in energy and avoided emissions over time. There are concerns 

over negative externalities in terms of construction disruption, visual effects (aesthetics), security 

(defence radar interference), shipping (offshore wind farms), impacts on wildlife (birds and bats 

caught in rotors) and impacts on land, (i.e. building wind farms in previously un-developed 

wilderness areas and/or in sensitive areas such as peatlands where climate impacts could be high). 

Positive externalities can also result, an example from offshore wind is wind farms being designated 

‘no-take’ fishing zones helping fish stocks to recover, and the foundations providing a new habitat 

for marine life. Overall, but perhaps to a lesser extent to solar PV, it could be argued that the 

positive externalities are under-priced in wind energy prices as the high negative externalities of 

many competing energy technologies are not fully taken into account. 

 

Market structure 

The market for wind energy is highly competitive with producers in both developed and developing 

markets. There appears to be little market distortion stemming directly from market structure and 

behaviour. One note is, similarly to solar PV, that there are concerns that Chinese firms receive 

financial aid from government and this gives them an unfair competitive advantage. As noted 

previously, the US has already responded by placing tariffs on Chinese (and Vietnamese) wind 

turbine tower manufacturers.  

 

Failure to recognise scarcity issue 

Scarcity is not a major factor for wind energy. The two main scarcity issues would be related to 

steel and land, which are addressed in their respective (iron-ore and land) sections. The land issue 

for wind is slightly different as the scarcity is based on areas with high average wind-speeds, this is 

perhaps the most important factor in wind-farm siting. As discussed previously, many of the best 

sites are already in use in the countries with the most developed wind energy markets and so 

scarcity is an issue. To a large extent this scarcity issue is likely to already be priced into land rents.  

 

Role of taxes and subsidies 

As with Solar PV and other renewables, this is the biggest area of price completeness issues for 

wind energy. At present the market is driven by the policy framework, targets, favourable 

incentives, subsidies and tax regimes in various countries. These have highly significant effects on 

demand which then can feed through into prices.  
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It could be argued that subsidies, taxes and other incentives are widely applied across all energy 

technologies and fuels and that the effect somewhat evens out. Nevertheless while onshore wind 

energy is understood to be close to cost-competitive in the windiest locations, without favourable 

tax/subsidy conditions more marginal sites and offshore wind are not currently commercially viable. 

This is changing over time as learning and other factors are pushing this cost-competitiveness 

frontier in favour of wind energy.  

 

Summary 

In summary, wind energy prices are subject to various pressures in terms of completeness, they 

are perhaps undervalued in terms of their environmental benefits, but at the same time receive 

substantial policy support in terms of frameworks, targets, taxes and subsidies. The effect of this is 

to move prices lower than they would be otherwise, which can be argued as a necessary measure 

to achieve strategic energy and climate objectives.  

 

 

5.4 Biofuels (renewable) 

5.4.1 Key facts 

Key facts  

Description  Biofuel is a liquid fuel derived from biological non-fossil biomass (recently living 

organisms). The two main traded biofuels are ethanol (derived from sugar crops) and 

biodiesel (derived from plant oils).  

Price definition Average US retail price of E85 per gasoline gallon equivalent. The equivalent measure 

corrects for the fact that E85 has 20-30% less energy content per volume unit than 

standard petrol. E85 is a blend of petrol and ethanol, of which the proportion of ethanol 

is around 85%. Gallons are converted to litres for this section. 

Locally traded  Currently, around 90% of biofuels is consumed domestically and hence traded locally. 

However international trade is increasing due to a lack of growing capacity in 

industrialised countries.  

Production and 

trade flows 

In 2011 the United States was the largest producer of Ethanol, producing 49 billion litres 

(57%), followed by Brazil with 28 billion litres (30%) and the EU in third position (~5%). 

The biggest EU producers are France and Germany. As noted above trade flows are 

relatively small, but Brazil and the US are by far the biggest exporters of ethanol 

biofuels and the EU is a net importer. On the whole EU production and consumption is 

more focused on biodiesel rather than ethanol. 

Global volumes In 2010 the production of Ethanol increased by 17% to 86 billion litres, providing about 

2.7% of global road transport fuels in 2010. In general biofuels are estimated to 

represent only 4–7% of world road fuel use by 2030, this level is already reached in 

Europe. Global biodiesel production totalled 19 billion litres in 2010.  

EU Self-sufficiency 

ratio 2010 

75.8% 

Key sectors Key sectors for biofuel are all kinds of transportation. It can be directly used in cars or 

for heating systems, or transformed into electricity and thus used in the transportation 

sector for trains and cars. Trials are also being undertaken for biofuel blends in aviation. 

Environmental 

impact 

Biofuels have some positive effects on the environment because they emit less 

particulate pollution than fossil fuels and additionally they are closer to carbon neutral as 

when consumed only the carbon that was drawn from the atmosphere in plant growth is 

emitted. There is considerable debate and variation on the actual carbon neutrality of 

biofuels. The demand for agricultural land for biofuel crops can drive negative 

environmental impacts as more land is required, leading to deforestation and 
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Key facts  

biodiversity loss. 

Data source used US Department of Energy Alternative Fuels Data Centre - Clean Cities Alternative Fuels 

Price report. 

Data coverage 2000-2011 

Unit Original data source: USD / Ethanol E85 Gasoline Gallon Equivalent; 

Conversion to Euro: using yearly exchange rates by Eurostat; 

Conversion from gallons to litres: 1 gallon = 3.781 litres; 

Gasoline gallon equivalent: 1:1.3333. 

Deflator MUV, 2011=100 (constant prices at year 2011 level). 

Selection criteria Transport is responsible for almost one quarter of greenhouse gas emissions, therefore 

reduction of emissions is an important strategic objective. Fuel prices have important 

economic, social and political implications particularly given the potential for competition 

between fuel and food.  

Outlook Our forecast shows that in a base case scenario we would expect biofuel prices to 

increase from 2011 levels of around 0.83 €/litre to around 0.91 €/litre in 2020. Existing 

literature predicts relatively stable prices through to 2020. 

Trend value Long term trend is of increase in real prices of 1.1% per annum during 2000-2011.  

 

 

5.4.2 Past trends in resource prices and volatility 

Evolution of real prices 

The following figure plots the yearly prices in constant 2011 Euros. The plotted price is the retail 

price for petrol equivalent E85 in the US, converted to €/litre. 

 

Figure 5.23 Annual prices of E85 biofuel in 2011 constant EUR per litre, 2000-2011 
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Source: Ecorys based on Clean Cities Alternative Fuel Price Reports.  

 

While ethanol has been developed as a fuel in both the US and Brazil since the 1970s the price 

series that are available only go back to 2000. It is a relatively safe assumption that ethanol-based 

biofuel prices were considerably higher in the past as the technology has developed over this 

period and increases in production and consumption have allowed increasing economies of scale. 
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For the price data that is available for 2000-2011 there have mainly been fluctuations in the range 

of around 0-55-0.75 €/litre. 2011 prices have increased outside this range – it is not clear if this will 

be sustained. Both the production and consumption of biofuels has been strongly increasing over 

the last decade. In 2005, production temporarily outpaced demand, resulting in a short price dip
283

. 

The 2009 dip is associated with the economic crisis. The price changes are mainly caused by 

fluctuations in the gasoline price, as “the ethanol price follows the price swings of wholesale 

unleaded gasoline”
284

.  

 

Key drivers of prices 

Ethanol-based biofuel prices are driven by the following key factors: 

 Petrol (gasoline), corn and natural gas prices: the price of E85 biofuel is closely related to 

the price of petrol, corn and natural gas. The relationships between these prices are depicted in 

Figure 5.24. The ethanol price is related to natural gas and corn price as both are inputs for 

production. The corn price can be substituted for other feedstock prices as the above figure is 

for US ethanol production.  

 

Figure 5.24 Ethanol price relations 

 
Source: Higgins et al., 2006, Ethanol Pricing: Explanations and Interrelationships. 

 

On the consumption side, the ethanol price is related to the petrol (gasoline) price, both as a 

pricing strategy by producers and also due to the 15% (or more) component of E85 that is petrol. 

This price correlation is clear, as shown in the figure below, which presents a nominal price 

comparison of the same data used to prepare the first figure in this section. There are very few 

price divergences between the fuels. 
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  Hart, C.E. “Ethanol Revisited.” Iowa Ag Review. Center for Agricultural and Rural Development, Iowa State University, 

Summer 2005. 
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  Higgins et al., 2006, Ethanol Pricing: Explanations and Interrelationships. 
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Figure 5.25 Average US Retail Fuel Prices per Gasoline Gallon Equivalent (GGE) 

 
Source: Clean Cities Alternative Fuel Price Reports. 

 

 The rate of technological progress: biofuel prices are also driven by the efficiency with which 

fuels can be produced, as more efficient and effective processes can increase supply and 

reduce costs, enabling prices to fall. This type of progress is similar to other renewables and 

can be reflected in a learning curve for production. An example from Brazil is presented below 

which shows how learning has become a significant factor in Brazilian prices since 1985.  

 

Figure 5.26 Brazilian ethanol price (US$/GJ) against cumulative production (1000 m3) 

 
Source: Goldemberg J, Coelho S T, Nastari P M and Lucon O 2003 Ethanol learning curve—the Brazilian experience 

Biomass Bioenergy 26/3 301–4.  

 

 Financial support, policy and incentives: markets for ethanol-based biofuels have only 

developed where strong incentives or regulations have been introduced to encourage the 

industry, i.e. in Brazil, the US and the EU. Changes to these policies and subsidies can have 

important direct impacts on prices, or on underlying supply and demand which then also feeds 

into prices. The main effects can be felt through withdrawal of existing subsidies leading to 

increased prices or softening of policy targets for biofuel use, i.e. to address food competition or 

wider sustainability concerns, leading to lower prices as supply exceeds demand at least in the 

short term; 
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 Global food prices, events and weather: major ethanol crops such as corn can be used as 

either food or fuel. If drought or other natural or human events hits global crops in a significant 

way then food prices increase as supply tightens. As noted above higher corn prices drive 

higher ethanol prices as it is the major feedstock input and producers could sell their crops as 

food. This food v fuel debate has been a major issue in recent years, particularly in 2008 when 

food riots hit a number of developing countries and attention was drawn to biofuels and 

unsavoury comparisons made of ‘taking food from the poor to fuel the cars of the rich’.  

 

In the longer term other drivers could also emerge more strongly, for example a large-scale switch 

to electric vehicles could drastically reduce demand for ethanol-based biofuels (and all fuels) for 

transport. At the same time, breakthroughs in second generation biofuels technologies could 

significantly reduce produce costs and support significant expansion of supply and demand.  

 

Analysis of volatility 

The short time series of the data for biofuels makes a detailed analysis of volatility impossible. The 

following table presents the total price changes in the period for which prices are available. This 

shows that prices increased by 12.7% over the whole period, or by approximately 1.2% each year. 

This overall increase is tied to the price increases in the last 2 periods.  

 

The co-efficient of variation of 11.2% shows that ethanol prices have exhibited relatively low 

volatility in the last 11 years. It appears that although some drivers can have relatively short-term, 

immediate impacts, i.e. weather related events, that these are already factored into the markets and 

prices for biofuels to a large extent.  

 

Table 5.12 Price changes for ethanol-based Biofuels, 2000-2011  

Years % Total  

change in prices 

Average annual  

% change 

Volatility  

(coefficient of variation) 

2000-2011 12.7% 1.1% 11.2% 

 

 

5.4.3 Future trends in ethanol prices 

Model fit for future prices 

The short time series means it is impossible to produce a robust model fit analysis for Biofuel prices 

based on observed trends and data. 

 

Existing forecasts 

Forecast 1: Lievens et al, 2009 

2010 2015 2020 2025 2030 

0.67  0.68 0.67 0.67 0.67 

Source: Lievens, E., Mertens, L., Jossart, J.-M., 2009. Micro-Economic cost overview of biofuels, report within task 3.1 of the 

BIOSES project, study performed under the authority of Belgian Federal Science Policy. 

 

Lievens et al, predict bioethanol prices to remain relatively stable over the next 20 years.  
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Forecast 2: FiFo Institute  

Figure 5.27 Projected fuel production costs and biofuels prices in 2010 and 2020 (€/l) 

 
Source: Mandating ethanol and biodiesel consumption in Germany JANUARY 2012 Prepared by: Anna Rauch and Michael 

Thöne, FiFo Institute. 

 

The FiFo Institute projects that production costs of bioethanol will decrease by 2020 in all but a high 

or high-high scenario. This is the only fuel type projected to see a price decrease in a central 

scenario.  

 

Forecast 3: OECD - FAPRI 

Figure 5.28 OECD and FAPRI projections for world ethanol price (US$/hl) 

 
Source: AGRICULTURAL COMMODITY MARKETS OUTLOOK 2011-2020, EU, 2011. 

 

The OECD-FAO project bioethanol prices to remain relatively stable from 2011 onwards, while 

FAPRI project a steady increase to 2019.  

 

Forecasts: other 

The US Department for Energy, Energy Information Administration has also produced price 

projections through to 2035 which chart a 1.6% annual growth rate in prices per unit of energy. 

 

The UN Food and Agriculture Organisation (FAO) estimates that biofuel production with increase 

from around 20 million tonnes of oil equivalent (mtoe) in 2005 to over 100 mtoe by 2030, with 

biofuels increasing from 1% of all transport fuels to 3% over the same period
285

. 

 

Summary 

All of the above forecasts predict a relatively stable bioethanol price up to 2020 (and beyond). Only 

in the high scenarios, such as those in forecast 2 are significant price increases foreseen. The 

underlying assumption under these forecasts is that the biofuels sector is entering in its mature 

period
286

. Production capacity is now able to follow the strong demand increase over the last years 

(EU: 191% between 2006-2010). 
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Future price projections 

The short time series and lack of model fit does not allow for us to produce modelled projections of 

future prices. Based on the summary of the other forecasts presented above we would suggest the 

following 3 future price scenarios, which represent base, optimistic (high) and conservative (low) 

views of future price changes: 

 Base case: annual price increase of 1% until 2020, based on relatively stable price projections 

of all; 

 High case: annual price decline of 1% until 2020, based on optimistic scenarios where 

technological developments and other factors drive prices lower; 

 Low case: annual price increase of 3% until 2020, based on more pessimistic scenarios of 

forecast projections.  

 

The following figure presents these results in constant 2011 prices. This shows that in a base case 

scenario we would expect biofuel prices to increase from 2011 levels of around 0.83 €/litre to 

around 0.91 €/litre in 2020, a total increase of 9.4% over the period. In the high scenario prices are 

forecast to decline to around 0.76 €/litre in 2020, a total decrease of 8.6% over the period. In the 

low scenario prices are forecast to increase to around 1.08 €/litre in 2020, a total increase of 30.5% 

over the period.  

 

Figure 5.29 Projection for ethanol-based Biofuel prices (in constant 2011 Euros) 
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Source: Ecorys calculations. 

 

 

5.4.4 Competitiveness analysis and behavioural impacts 

Production of ethanol 

Biofuels are divided into first and second generations, based on the type of feedstock and process 

that is used to produce them. First generation biofuels constitute the great majority of biofuels used 

today and are made of crops that are also grown for food production, such as wheat, corn, sugar 

beets, sugar cane, rapeseed, soy and palm oil. Production is relatively easy. Ethanol is produced 

through the fermentation of sugar or starch in the feedstock.  

 

Second generation biofuels can be more sustainable as they are based on feedstock that does not 

compete with food production, such as wood pellets, miscanthus or waste. Ethanol is produced out 

of the cellulose in the materials which is a more difficult process than fermentation. The advantages 

of this are that less energy and material inputs are needed and therefore this has lower associated 

CO2 emissions. It is also possible to use waste and other materials that are unsuitable for 

fermentation, significantly expanding the potential feedstock supply. However, this second 

generation of advanced biofuels is still in the demonstration phase and is not yet commercially 

available. In the long term, these advanced biofuels are expected to take over most of the biofuels 
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market. The main reasons are the sustainability issues and the larger potential for technological 

learning and thus cost savings
287

. 

 

The figure below shows global production of ethanol increased dramatically over the last 10 years, 

with Brazil and the USA as main producers. The EU holds a larger share of the biodiesel market.  

 

Figure 5.30 Global ethanol production 

 
Source: IEA Transport Biofuels Roadmap Report 2011. 

 

A 2005 estimate showed that, ignoring subsidies, production of ethanol in the EU is relatively the 

most expensive in the world(Figure 5.31), this being at least partially the result of using wheat/beet 

as a feedstock instead of cane (sugar or corn) as all other producers do. Brazil and Thailand were 

judged the lowest cost producers, being able to produce at gross costs of less than 1/3 of the EU. It 

is estimated that oil prices would need to remain above 80 US$/barrel for EU-based production 

biofuels to become cost-competitive
288

. It is notable that in every cost estimate the feedstock cost 

accounts for at least half of gross production costs. 

 

Figure 5.31 Ethanol Production Costs without Subsidies, 2005 

 
Source: O. Henniges and J. Zeddies, “Economics of Bioethanol in the Asia-Pacific: Australia – Thailand – China,” in F. O. Licht’s 

World Ethanol and Biofuels Report, Vol. 3, No. 11 (Tunbridge Wells, U.K.: F. O. Licht, 2005). 
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Trade flows 

Currently, at least 90% of world biofuel production is consumed domestically with only limited 

trade
289

. As shown in the previous figure the US and Brazil are by far the biggest producers and 

consequently are also the biggest exporters of ethanol biofuels. Although data on trade flows is 

limited the biggest trade flows also occur between the US and Brazil, both importing and exporting 

from each other. The EU is the next biggest trader in the market, primarily importing from Brazil. 

 

It is expected that trade flows will increase in future as the different consumer markets each impose 

slightly different conditions on biofuels, therefore there are benefits in sending fuels to their most 

appropriate, lowest cost market. 

 

Consumption 

As noted under trade flows the great majority of ethanol biofuels are consumed in producer markets 

therefore in the US, Brazil and the EU.  

 

For the US consumption of ethanol represents around 5.4% of all petrol fuels on an energy basis 

and therefore has an important but relatively minor role in transport fuels. In Brazil this is 47%, with 

ethanol playing a critical role in transport fuels. This is a result of the efforts to grow a domestic 

industry, favourable policies and the widespread use of ethanol adapted and flex-fuel vehicles.  

 

For the EU the figure is 2.7% but this is growing in line (although lagging behind target levels) with 

the increased percentages demanded by the Renewable Energy Directive (RED).  

 

Global consumption of biofuels is expected to double on current levels by 2020 to around 180 

billion litres
290

. 

 

Summary of EU position 

The following table summarises the key statistics for the EUs relative position in ethanol production, 

consumption and trade. 

 

Table 5.13 Ethanol Biofuel production, consumption and trade flows, 2006-2010 

Period 2006 2007 2008 2009 2010 
Change 

2006-10 

Global production (billion litres) 50 62 76 85 93 86% 

EU production (billion litres) 1.6 1.8 2.7 3.0 3.8 132% 

% EU share of world production 3.3% 3.0% 3.5% 3.6% 4.1% 25% 

Global consumption (billion litres) 50 62 76 85 93 86% 

EU consumption (Billion litres) 1.8 2.8 3.7 4.1 5.0 175% 

% EU share of world 

consumption 
3.7% 4.5% 4.9% 4.8% 5.4% 48% 

EU imports (billion litres) 0.2 1.0 1.1 1.1 1.3 452% 

% EU consumption imported 12.6% 35.8% 29.7% 27.2% 25.3% 101% 

EU exports (billion litres) 0.0 0.0 0.1 0.1 0.1 66% 

% EU production exported 2.3% 2.4% 1.9% 1.9% 1.7% -29% 

EU self-sufficiency ratio 89.6% 65.8% 71.6% 74.1% 75.8% -15% 

Source: Pires, A., Schechtman, R., 2010, International Biofuels Policies, Publication Date: June 2010. 
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This shows that: 

 The EU is a relatively minor (but growing) biofuel producer and consumer – representing 

less than 6% of global production and consumption. The United States and Brazil dominate the 

market for ethanol biofuels. It should be noted that the EU has a much more prominent position 

in bio-diesel, alongside the US as the biggest producer and consumer; 

 EU consumption is growing, driven by policy targets towards 10% of all fuels – as a result 

of the Renenwable Energy Directive and its targets for 10% of all fuels to be renewable by 2020 

and the stepped targets to 2010. Consumption has increased by 175% in the last 5 years; 

 Growing consumption is driving increased production, and even faster increases in 

imports – EU production has more than doubled in the last 5 years, up 132%, but as noted in 

the previous point, consumption has grown faster, the gap has been filled by significant growth 

in imports; 

 EU self-sufficiency is high but declining as imports become more important – from a 

starting point of almost 90% self-sufficiency (i.e. consumption met from own production) in 

2006, this has declined to around 75% in 2010, a 15% decline. It is likely that the EU will 

become increasingly dependent on imports and, as Brazil is the cheapest producer, it is 

expected to become an important supplier in the future, at least until advanced biofuels start to 

penetrate the market
291

. 

 

Secondary markets, recycling, re-use 

By its nature the fuel is combusted when used there is therefore no secondary markets for recycling 

or re-use. Secondary markets for waste and by-products of production are outside the scope of this 

study, although it is hoped that second-generation biofuels will also use waste products to produce 

fuels. 

 

Criticality assessment for the EU 

There are various dimensions to a criticality assessment of biofuels for the EU with policy and 

supply the primary aspects. 

 

Policy can be thought of as the determining factor for criticality for biofuels in the EU. The current 

expansion in consumption and production is driven almost solely by policy objectives as the market 

is not commercially viable on its own in the EU. The relevant policy objectives are based around 

environmental sustainability of transport fuels, and to a lesser extent energy security. If significant 

criticality problems were faced then policy could be changed accordingly.  

 

On the assumption that policy goals will not change in the short-medium term then supply criticality 

becomes of interest, particularly with the expectation that global demand may double by 2020 and 

EU targets demand almost a tripling of biofuel proportions. Supply risk can be judged to be 

relatively low in terms of the US and Brazil being major suppliers and stable countries, the situation 

does become more complex though as differing tariff regimes with the EU exist and both are also 

major consumers. In times of shortages it is possible that these countries could impose export 

tariffs or other such measures to favour domestic consumption over exports to the EU. Action by 

either, as the 2 major suppliers could pose significant supply problems for the EU.  

 

In terms of global potential for criticality it is important to consider projected consumption and 

production growth and to compare this with available land and competing needs, i.e. food 

production. Global land prices and availability are discussed in more detail in another chapter of this 

report, but land use does provide an important potential limitation to the expansion of biofuels. 
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Continued population growth and dietary change (e.g. higher meat consumption in developing 

countries) will put increasing pressure on land to be used for agriculture. 

 

Technological development can play an important role in criticality also, as a significant 

breakthrough in second generation biofuels could drastically alter the economics of biofuels and the 

cost of production. Oil, alternative biofuel sources (e.g. Algae) and alternative transport 

technologies, i.e. electric cars, hybrids, hydrogen fuel cells, are also competing substitute 

technologies that are in development and where significant breakthroughs, policy or price changes 

could all have major impacts on criticality. 

 

The uncertainty around the major issues makes it difficult to come to a solid conclusion on criticality 

of Biofuels for the EU. 

 

The impact of price changes on the competitiveness of EU sectors 

EU ethanol production 

The previous section noted that EU-based production is already among the least price competitive 

in the world. Price changes could have important impacts on this, particularly lower prices which 

would make EU production much less cost-competitive, the estimates of oil prices being above 

US$80/barrel to make EU production cost competitive being a particular point in this area. Price 

increases for biofuels (and of oil) would improve the competitive position of EU producers. Base 

case projections for oil prices are at the US$80 level until 2020, but only just, suggesting EU 

industry will remain quite marginal.  

 

Both consumption and production of ethanol fuel in the EU are heavily regulated and thus not very 

sensitive to price changes. As such, a change in legislation, either on the consumption or the 

production side, could severely affect the EU ethanol market. There is an increasing call for policy 

change as the current market dependency on subsidies hides real costs and obscures the choices 

for policymakers seeking welfare gains from biofuels
292

. There are concerns that policy change is 

now made difficult by the powerful, and now subsidy dependent, sector that has grown up around 

existing policy. 

 

The overall competitive effect may be relatively small as international trade is limited, and, while 

growing, domestic production is also expected to grow and remain the dominant source of fuels in 

each market in this expansionary phase of the sector.  

 

The longer term competitive potential of the sector in the EU is limited by climate and the suitability 

of crops, the availability of land and technological developments. Climate and crop suitability are 

weaker points for the EU with the currently most productive crops of sugar cane most suited to sub-

tropical climates such as Brazil and South East Asia.  

 

Overall the EU bio-ethanol sector is likely to remain relatively un-economic and sustained primarily 

by subsidies. The focus of EU biofuels has primarily been on biodiesel and this is likely to remain 

the case.  

 

Other 

Agriculture is one of the other major sectors impacted by biofuels and bioethanol. The competitive 

impacts of changes in prices, particularly price increases, are likely to be beneficial to agriculture as 

a whole. Higher prices will enable higher investment to be made and draw more funding into the 
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sector, this will be likely to improve yields and reduce costs. The impact of increased bioethanol 

prices relative to other crops would be likely to be crop-switching by farmers. This could have a 

number of implications for food production and prices, as food production falls as crops are 

switched and prices would increase.  

 

The transport sector is the end user of fuel ethanol. Competitiveness issues due to ethanol price 

changes will be modest as price changes in Member States would be for households and sectors 

that do not compete globally, with the exception of freight shipping and air transport. These latter 

sectors are beyond the scope of this resource analysis as they primarily consume (bio)diesel and 

jet fuel respectively. The overall competitiveness effects may be felt at a macro-economic level to 

the extent it increases or decreases the cost of transporting all goods, this could be both beneficial 

in insulating against oil price increases, but also lock-in higher prices to support the market 

subsidies needed to support bioethanol. 

 

Completeness of price message 

The previous sections highlight the various factors affecting the price, production and consumption 

of biofuels. There are questions marks and artificial support in many areas that raise questions over 

the completeness of prices. 

 

Externalities 

The bioethanol sector and price is highly impacted by the effect of externalities both positive and 

negative. There are significant social and environmental externalities targeted by the use of 

bioethanol and biofuels. Environmentally the use of biofuels is hoped to help mitigate against 

climate change, providing a positive externality, and reducing a negative. But the impacts of the 

rapid expansion of biofuel production are also noted for creating new negative externalities by being 

a driver of deforestation in tropical areas, i.e. for palm oil production in South-East Asia, or by 

displacing soy-bean production in South America leading to further forest clearance in Brazil and 

Argentina. Water use is also a specific environmental externality, with biofuels among the most 

water intensive of any energy sources
293

. 

 

Social externalities are targeted through improved incomes and employment for farmers and rural 

areas which can help reduce poverty. There may also be some limited health gain from cleaner 

fuels. Yet the positive externalities for producers may also result in negative externalities for all 

consumers, as bioethanol production leads to higher food prices with significant social impacts, 

particularly in poorer countries.  

 

The extent to which these externalities are reflected in prices is highly complex, with the trade-offs 

between the environmental and social issues difficult to disentangle. Policy is not unaware of these 

issues and the introduction of measures such as sustainability criteria for biofuels highlights that 

negative externalities are being addressed.  

 

Market structure 

There is some concentration of production in a handful of countries but this is not thought to be a 

major factor in prices – rather the tax-subsidy regimes in each country are believed to be more 

important. 
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Failure to recognise scarcity issue 

As a renewable fuel source bioethanol does not face a direct scarcity issue, but scarcity is 

important indirectly as a land-use issue. There is only a limited amount of available arable land for 

growing bioethanol crops, this competes with both food production and other land use. The impacts 

of this on price are closely related to environmental externalities, i.e. that land-use change (forest to 

agriculture) is not adequately priced for its negative externalities, e.g. emissions, ecosystem 

services. Land scarcity then may not be fully integrated into bioethanol prices, although it is notable 

that food prices have responded to these concerns and direct results of changing land use. The 

land issue is further explored in the chapter on land prices.  

 

Role of taxes and subsidies 

This is the biggest issue of price completeness for bioethanol as the industry is not yet cost 

competitive on its own without policy support in the form of taxes and subsidies (and quotas). The 

UN Food and Agriculture Organisation (FAO) when looking at biofuels found that “In most cases, 

these policies have been costly and have tended to introduce new distortions to already severely 

distorted and protected agricultural markets – at the domestic and global levels. This has not 

tended to favour an efficient international production pattern for biofuels and biofuel feedstocks.”
294

 

This demonstrates the significant market and therefore price distortion that is present. 

 

The FAO report also analysed the effect of taxes and subsidies as trade distorting policies and 

estimated the impact on consumption and production if they were removed (see figure below). This 

shows that globally consumption would fall in almost all countries, particularly in the EU and US. 

Production would also follow a similar trend, with EU production being particularly hard-hit and 

Brazil and Thailand being among the main beneficiaries of such changes.  

 

The size of the change, at around 14 billion litres represented around 20-25% of 2008 bioethanol 

production, signifying the great extent to which these subsidies influence the market. 

 

Summary 

In summary the prices for biofuels are highly distorted by incomplete and poorly understood 

consideration of positive and negative externalities, weak ‘pricing-in’ of land scarcity and the 

dominant role of taxes and subsidies in the function of the sector. The price is kept artificially low by 
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these measures due to the perceived environmental, and to a lesser extent, social benefits of 

bioethanol. 

 

 

5.5 Synthesis on fuels 

The fuels resource category included: 

 One fossil fuel – Oil; 

 Three renewable fuels – Solar PV, Wind and Biofuels. 

 

 

5.5.1 Price indices of individual resource sub-categories 

Based on our historical time series, we constructed price indices for each of the four fuels, taking 

year 2000 as a base index (2000=100). The following figure shows the results. 

 

Figure 5.32 Price indices for individual fuels indexed to year 2000 (2000=100) 
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Source: Ecorys calculations. 

 

Observations: 

Based on visual observation the prices exibit varied trends. The double trend of oil is highly visible 

as change from around 1999. The renewable energy resources Solar PV and Wind tend to exhibit 

downward price trends, but biofuels (E85) does not. The most important trends that can be 

detected include: 

 Oil prices quadrupling in less than 15 years, 1998-2011: in contrast the other fuels oil prices 

experienced a massive increase in the last 15 years; 

 Solar and Wind prices chart a downwards trend: Solar PV has experienced the most drastic 

price decline over the full time period for which data is available, prices more than halving; 

 Solar and wind both experienced price peaks: these were experienced in 1998-2002 for 

solar PV and 2001-2007 for wind energy, although not simultaneous the reasons behind these 

peaks had some similarities, i.e. both caused to an extent by supply not being able to keep up 

with demand (polysilicon bottleneck in the solar PV industry and turbine bottleneck in wind 

energy); 
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 Biofuel prices exhibit a mixed trend: this is due to its dual nature as a renewable fuel, in that 

it is tied to oil prices directly as these constitute 15% or more of the E85 fuel, but also as a 

renewable fuel that research and technology advances are cutting costs and/or improving 

efficiencies. 

 

Co-integration tests – prices move in tandem 

When performing a co-integration test on the time series for Oil, Wind and Solar PV (Biofuels was 

excluded as the time series was too short), comparing five different methods, one or more co-

integrating vectors were found for all tests. This demonstrates that, statistically speaking, these fuel 

prices move in tandem. This can also imply an inverse trend, as appears evident, i.e. that the 

renewable prices decrease as oil prices increase. 

 

 

5.5.2 Analysis of evolution of fuel prices 

The table below summarises the key characteristics of the four fuels in terms of past and future 

price developments, main risks, volatility and EU import dependency. 
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Table 5.14 Summary overview of fuels 

Fuel Price development, past and future Main risks for the EU Volatility 1971- now EU import dependency Comments 

Oil Historic price trend is dual with a trend breaks in 

1998-9, when a decreasing price trend abruptly 

reversed and prices have increased 

considerably since. Forecasts are for oil prices to 

stabilise at around €80 barrel to 2020, but 

volatility around this could be high.  

Significant downside risks and 

potential for geopolitical 

shocks to prices. This would 

affect all countries negatively, 

not just the EU. 

0.507 Around 85% of EU 

consumption is imported. 

Only UK is a significant 

producer. Main imports 

from Norway, Russia and 

the Middle East. 

Oil is critical to the EU and 

global economy. 

Particularly for transport. As 

a result it is a key cost 

component in many 

resource prices, and 

inflation. 

Solar PV Prices have exhibited a strong downwards trend 

over time. Although an increase was 

experienced before 2002, prices have since 

more than halved on their 1998 levels. Prices 

are forecast to continue to decline by 6.5% / year 

to 2020. 

Growth of use results in 

significant net transfers abroad 

to purchase solar PV 

equipment. This may save on 

energy imports over time. 

0.353 EU imported over €30 

billion of solar PV 

equipment in 2011, 

exporting less than €2 

billion, suggesting high 

import dependence.  

Chinese firms dominate 

global production. In the EU 

a PV manufacturing 

industry has developed in 

Germany. Industry and 

prices are highly subsidy 

driven. 

Wind energy Overall price trend is decreasing over time. 

Although an increase in prices was experienced 

between 2002-2007 due to a variety of factors 

including high demand and increasing steel 

prices. Since 2007 prices have decreased again 

as demand-supply have returned to a better 

balance and other technological, finance and 

market factors are more favourable. The base 

case forecasts onshore wind prices to continue 

to slowly decrease to 2020. 

EU has world leading wind 

energy industry. Main risks lie 

in low-cost competition from 

emerging markets. 

0.190 The EU imports 

approximately €3 billion of 

wind energy products, but 

exports over €8 billion. It is 

self-sufficient and also a 

major net export industry 

for the EU.  

EU firms and market are 

among worlds largest, 

although Asia is now 

starting to overtake it. EU 

industry is strongest in DK, 

DE and ES. Industry and 

prices are subsidy driven. 

Biofuels (E85) Prices relatively stable over time, exhibiting only 

slight increasing trend, primarily tied to oil prices. 

Prices forecast to slowly increase to 2020. 

EU is exposed to supply risks 

but biggest issue is in 

competition with food. The 

environmental / climate risks, 

where the case for 

sustainability of biofuels is 

challenged is also a problem. 

0.112 EU import dependency for 

biofuels is low, importing 

around 25-30% of its 

consumption.  

Trade is relatively low as 

main producers (Brazil and 

US) use fuels in their home 

markets. Industry and 

prices are subsidy driven. 

Concerns over agricultural 

competition and water use. 
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Main observations 

The selected fuels serve a variety of different purposes within the energy sector, oil and biofuels 

primarily for transport, solar PV for household electricity and wind energy for large electricity 

generators, yet a price movements are related. 

 

Oil is a unique resource in it importance, criticality and price movements and has been heavily 

studied. Large price swings and high prices have been common over time but the last 10-15 years 

have seen remarkable price increases. Part of this appears to be a structural imbalance in supply-

demand as consumption is increasing faster than production, fuelling fears of a global ‘peak oil’. 

Further important aspects include speculation and market manipulation by producers to ensure high 

prices. This acts as a toll for the EU as it has to import the great majority of its oil. The actual state 

of oil reserves is not always trusted due to secrecy but are estimated as high, sustained high prices 

enable heavier, less accessible and dirtier oil sources to be economically extracted, but at the same 

this also provides a space for competing technologies to be cost competitive. 

 

Renewable energy has exhibited strong learning and downward price movements over time, they 

are now beginning to become significant energy sources at national and global level. Continuing 

improvements in technology to reduce prices suggests this success will continue in future, although 

the role of subsidies and favourable policy should not be neglected.  

 

 

5.5.3 Aggregate price index for fuels 

To construct our fuels composite sub-index we aggregated the four fuels into a single index using 

average EU-27 import values for 2008-2010 from UN Comtrade database and other sources are 

appropriate. The following classifications were used: 

 Oil – Crude oil from petroleum and bituminous minerals (HS code: 2709); 

 Solar PV – Photosensitive Semiconductor Devices; Light Emitting Diodes (HS code: 854140); 

 Wind Energy – data from EWEA (2011); 

 Biofuels – data from Pires, A., Schechtman, R., (2010) International Biofuels Policies. 

 

The table below shows weights for fuels according to these criteria: 

 

Table 5.15 EU27 import values in million USD and the weights of minerals 

Time Oil Solar PV Wind Biofuels 

HS code(s) 2709 854140 
Source: EWEA 

(2011) 

Source: Pires, A. & 

Schechtman, R. 

(2010) 

2008 395 989 17 007 4 412 835 

2009 225 600 15 579 4 463 993 

2010 292 667 31 630 4 242 1 469 

average  

2008-2010 
304 752 21 405 4 373 1 099 

Weight 0.9190 0.0645 0.0132 0.0033 

Weight 

excluding oil 
- 0.7964 0.1627 0.0409 

Source: UN Comtrade, Ecorys own calculations. 

 

Using these weights, the following figures show the aggregated fuel price index. The first figure 

shows the overall trend of increasing prices, particularly since 1998-1999. This index is dominated 
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by oil prices which constitute 92% of the index, therefore the decreasing trends for wind and solar 

have a neglible effect on this overall index.  

 

The second figure removes oil from the index to demonstrate the price trend for renewable fuels. 

This index also then becomes dominated by a single fuel resource as solar PV constitutes almost 

80% of the price index. As a result, but also consistent with movements in wind energy prices the 

overall renewable fuels price index has a strong downwards trend. This is an interesting contrast 

and one of the few indexes in this study that demonstrates such a trend in the most recent years. 

 

Figure 5.33 Aggregated fuel price index (2000=100) 
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Source: Ecorys own calculations based on UN Comtrade data. 

Note: Solid line for all prices available, 2000-2011. 

Wind (weight=1.3%) included 1990-2011, Solar PV (weight=6.5%) included 1998-2011, Biofuels (0.3%) 2000-2011. 

Trend line is for whole (including dotted) line1982-2011, as while only partial, oil prices are present in all periods and oil 

weight=92%. 

 

Figure 5.34 Aggregated fuel price index, excluding oil (2000=100) 
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Source: Ecorys own calculations based on UN Comtrade and other data. 

Note: Solid line for all prices available, 2000-2011, Note 1998-1999 excludes biofuels prices (weight=4%).  
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6 Fish 

6.1 Fishmeal 

6.1.1 Key facts 

A brief description of the resource
295

: 

 

Key facts  

Description  Fishmeal is defined as a solid product, ground, that is obtained by removing most of the 

water and some or all of the oil from fish or waste. Its main use is in the diets of fish 

(aquaculture), pigs and poultry that need higher quality protection than other farm stock. 

Price definition Price of fishmeal (any origin), 64-65%, c&f Bremen, estimates based on wholesale 

prices, beginning 2004; previously c&f Hamburg. 

Globally vs locally 

traded  

Fishmeal is traded at a global level. Since 1999 in the EU the Basic Regulation for The 

Common Organisation of the market (COM) in fishery and agricultural products is in 

place; the COM’s objectives include: 

Application of common marketing standards; 

Establishment of producers’ organization; 

Institution of a price support system based on intervention mechanisms (withdrawal 

prices, carry-over aid and private storage aid) or compensation mechanisms (tuna for 

canning); and 

Establishment of a system of trade with non-member countries. 

Trade flows Main provider countries of the EU15: Norway, Iceland, Chile and Peru. Peru is the main 

fishmeal provider of the EU28. Main exporter countries in the EU15 (and main 

producers too): Denmark and Germany. 

Global volumes Total production in the EU in 2008: 0.58 million tonnes
296

; 

Total world production in 2008: 4.8 million tonnes
297

. 

Key sectors Fish, pigs and poultry farming. The salmon industry is probably the major consumer of 

fishmeal in aquaculture: marine proteins have in fact a high nutritional value, and thus 

substitutability between fishmeal and alternative protein sources for salmon feed is low 

in the short run. The use of fishmeal in pig farming is associated with a higher growth 

rate of pigs as compared to other protein sources, and it is thus highly valued. In poultry 

farming, in contrast, fishmeal seem to be considered one among several alternative 

protein sources for feed, so that the demand for fishmeal is rather driven by its relative 

price compared, for example, to soybean meal
298

. 

Environmental 

impact 

As emerging from WWF aquaculture dialogues, there is a need to develop robust 

measures of sustainability for the aquaculture sector (the largest fishmeal consumer), 

not only with respect to basic measures of environmental impact but also related to 

more complex assessments of ecological efficiency
299

. 

Data source used World Bank 2011, Pink Sheet on Commodity markets. 

Data coverage 1980-2011 

Additional data FAO, 2007. Future prospects for fish and fishery products – fish consumption in the EU 
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Key facts  

sources 2015 and 2030. Data on production, imports, exports and net supply in the EU for the 

period 1989-1998 (yearly figures). 

Unit Original data source: USD/ metric tonne; 

Conversion to Euro: use of historical exchange rate. 

Deflator e.g. MUV, 2011=100 (constant prices at year 2011 level). 

Selection criteria This subcategory allows for the use of the longest and more complete price time series.  

Outlook Expectations for prices to increase over time, increase from current levels of 7% 

modelled from data in a base scenario, but other projections forecast much higher 

increases.  

Trend value Long term trend is of increase in real prices of 2.4% per annum during 1979-2011.  

 

 

6.1.2 Past trends in resource prices and volatility 

Evolution of real prices 

The evolution of fishmeal prices over the period 1960-2010 is presented in Figure 6.1. 

 

Figure 6.1 Evolution of Monthly fishmeal prices in 2011 constant EUR per tonne  
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Source: Ecorys elaboration from World Bank, pink sheets. 

 

The evolution of fishmeal prices over time appears to be extremely variable, characterized by 

several high and low peaks which alternatively recur over the whole period considered. Even in 

such a context of variability, however, it is possible to distinguish two major sudden peaks in the 

curve:  

 In 1973, a sudden sharp price increase was registered, immediately followed by an equally 

sharp decrease: this peak was due to a particularly intense El Nino event, which caused a 

collapse of the Peruvian anchoveta fisheries and a sudden related production shortfall –

anchoveta is in fact one of the main species used for fishmeal production (Delgado et al., 2003); 

 A steep sharp price increase was registered in the recent years, starting in 2006 and still on-

going. In this case, this is due mainly to a sudden increase of demand by China, which 

continues to buy huge quantities of fishmeal (accounting for the 50% of total export quantities); 

this effect, however, is also amplified by a constant decline of production, a trend that started 

some year ago and is expected to continue (Fao Globefish, 2010). 
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In the last years, in particular, beyond high and low peaks, fishmeal prices generally rose by 55% 

since 2005 (FAO, 2009). This increase was due to the interactions between several factors, all 

playing crucial roles in the determination of fishmeal prices, as discussed in the following section. 

 

Key drivers of prices 

The core reason of the recent increasing trend of fishmeal prices can be explained, in basic terms, 

by the interaction of a volatile and somewhat stable supply which is not able to fully cope with a 

steadily increasing demand. The analysis of the terms of this interaction allows for the identification 

of the key drivers of prices, which are all concurring in determining an unbalance between supply 

and demand; these drivers can be summarized as follows (FAO, 2009; OECD/FAO, 2011; 

Tveteras, 2010): 

 Supply side: 

a. Volatility of supply; 

b. Stagnant capture fisheries production; 

c. Dramatic increase in fuel prices; 

d. Sharp increase in sea freight. 

 Demand side: 

a. Increase of population size and strong economic growth, implying an increased demand for 

food;  

b. Economic growth, leading to a protein-richer diet of a larger share of world population;  

c. Exceptional growth of the aquaculture sector –the major user of fishmeal- to cope with 

increasing demand for fish; 

d. Price and demand curve of soybean meal, although the link is becoming increasingly weak. 

 

In addition to these global factors directly linked to fishmeal production and consumption, on the 

demand side two exogenous variables, independent from fishmeal production, were reported to 

have an influence on fishmeal price, namely soybean meal price (which can partly substitute 

fishmeal) and fishmeal stocks-to-use (Tveteras, 2010).  

 

The price drivers listed so far are described in detail in the following paragraphs. 

 

Supply side 

Fishmeal trade is characterized by a significant volatility of supply over the years, which is the direct 

consequence of the natural variability in the pelagic fish stocks which are used for fishmeal 

production. El Nino events, in particular, normally have a severe negative impact on fish stocks and 

therefore on fishmeal production, causing shortfalls in the supply that are not often observed in 

other markets and which result in an increase of fish meal prices (Tveteras, 2010). Moreover, the 

effects of climate change on world fisheries imply some degree of uncertainty on the future 

availability of fish for fishmeal production. 

 

The relationship between fishmeal production and prices (over the period 1088-2009) is illustrated 

in the Figure 6.2 below. 
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Figure 6.2 Comparison of fishmeal production (millions tonnes) and prices ($/mt) over the period 1988-

2010  
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Sources: production figures IFFO, 2011 – price figures World Bank, 2011. 

 

Besides these climatic effects, the quantity of wild fish captured for fishmeal production is quite 

stable over the years and it is projected to follow this trend in the future (OECD/FAO, 2011). 

Fishmeal production from wild fish is thus not able to cope with a steadily increasing demand (more 

details are given while describing drivers on the demand side, and alternative sources of bulk 

material for fishmeal production will be discussed later in this report). 

 

While the drivers discussed above are related to fish stock availability, the other two factors 

affecting prices on the supply side are exogenous. The sharp price increase in recent years, in fact, 

coincided with a dramatic increase in fuel prices: between 2004 and July 2008, crude oil prices 

increased in fact by 250%, to slip back to USD 50-70/barrel by the end of 2008. In 2009, however, 

prices rose again up to USD 150/ barrel. This increase had a heavy impact on transportation and 

production costs of feed ingredients such as fishmeal, and this brought increased landed costs of 

these commodities. The raw material for fishmeal (captured fish) is in fact largely sourced from 

Latin Americas, and is shipped to major markets, namely Europe and Asia (FAO, 2009). 

 

A concurring sharp rise in sea freight posed an additional burden on transport costs, contributing to 

the price increase: between January 2005 and July 2008 the Baltic Exchange Dry Index –an 

internationally recognized measure of sea freight cost- rose from 5 000 to over 11 000 (FAO, 2009). 

 

Demand side 

The demand curve of fishmeal was defined as ‘kinked’ (Tveteras, 2010), and its variations over the 

period 1960-2010 are due to structural changes in buyer segments, while more recent variations 

also represented geographical changes in major buyers.  

 

The key drivers of these structural changes are the result of a complex chain of events, which finds 

its main driver in increased population size and strong economic growth: these two factors have in 

fact implied an increased demand for food, especially in developing countries. Economic growth 

reached impressive levels in Asia, where countries grew at a rate of 7 to 10% between 2000 and 

2007. These trends, besides causing a growing demand for food, also led to a notable shift in the 

preferences of consumers towards a more protein-rich diet, thus including more meat, fish and milk 

products (FAO, 2009).  

 

Increased demand for fish cannot be met by captured wild fish only, as capture levels have been 

stagnant and stable over time, and so growing quantities of fish for human consumption is provided 

by aquaculture, where fishmeal is used as one of the major feed ingredients being a high-quality 

protein sources. The exceptional growth of the aquaculture sector in recent years, especially in 

Asian countries, has determined a sharp rise in demand for fishmeal. 
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As economic and population growth were particularly relevant in Asia, the aquaculture sector knew 

the largest expansion in Asian countries: it was reported for example that China, one of the major 

world aquaculture producers, is currently purchasing huge quantities of fishmeal, equal to 50% of 

the total exports, and this added to the effect on prices of the current decline of supply. The general 

trend of fishmeal usage by geographical area presented in Figure 6.3, while recent trends in 

aquaculture production are presented in  

Figure 6.4; if demand on the Asian side will continue to grow, further price increases might be 

expected. 

 

Figure 6.3 Evolution of fishmeal consumption by region over the period 2000-2008  

Figure 6.4 Recent trends in aquaculture production  

 
Source: IFFO, 2010. 

Source: FAO, 2009.  

 

The graph above shows quite clearly the relevance of the contribution of Asian aquaculture to the 

global growth of the sector: against nearly stable European production, in fact, the volumes 

produced in Asia have constantly grown over the last years, following a very similar trend to the 

total world production. 

 

Besides, the growth of the aquaculture sector determined major changes in the demand share 

between the three sectors which typically compound the demand side for fishmeal, namely 

aquaculture, pig and poultry arm (Figure 6.5; Tveteras, 2010, IFFO, 2010a).  

 

Figure 6.5 Evolution of the demand side of fishmeal over the period 1960-2008 

 
Source: IFFO, 2010. 

 

While in 1960, fishmeal was mainly used in poultry and pig farming, at the beginning of the 80’s 

aquaculture entered the market, and its share of consumption has steadily grown until nowadays to 

the point that it is now the major consumer of fish meal. The evolution of the market shares among 

the three sectors has specific implications on the market of fishmeal and thus on prices: the three 

sectors, in fact, have distinct demand schedules for marine proteins, and this results in different 
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levels of substitutability of fishmeal with other protein sources, normally soybean meal, which is 

widely available and has a similar nutritional profile. This also means that, to some extent, the 

demand curve and price of soybean meal must be considered as an exogenous driver of fishmeal 

price, to different levels depending on the specific sector of use. 

 

In poultry farming, for instance, fishmeal is considered as one among several alternative protein 

sources, and hence fishmeal consumption largely depends on its relative price as compared to 

soybean meal. The aquaculture sector, in contrast, shows a neat preference for fishmeal because 

of its high nutritional value and is therefore willing to pay more for it: in this case, there is a very 

weak relationship between fishmeal and soybean prices.  

 

This can be translated into general terms and extended to the fish meal market as a whole: as the 

aquaculture is now the major fishmeal consumer, in fact, the link between prices of fishmeal and 

soybean meal has become increasingly weak (Tveteras, 2010). 

 

The comparison of the price trends of fishmeal and soybean meal over the period 2002-2009 

(Figure 6.6), however, show that the prices for the two commodities still follow similar trends, and 

with only some periodical divergence. In this respect, Tveteras (2010) analysed the prices using 

Naive, AR and LS-AR forecast models, and indeed the results showed periodical decoupling 

between the two markets, probably due to production shortfall; under these conditions, fishmeal 

price is better predicted by the stocks-to-use ratio. 

 

Figure 6.6 Comparison of the evolution of fishmeal and soybean meal prices over the period 2002-2009  

 
Source: FAO Globefish, 2010. 

 

More recent increases in fishmeal prices can also be explained, to some extent, with the transfer of 

a significant share of production to Asian countries: it was reported, in fact, that China is currently 

purchasing huge quantities of fishmeal, equal to 50% of the total exports, and this added to the 

effect on prices of the current decline of supply. If demand on the Asian side will continue to grow, 

further price increases might be expected. 

 

Analysis of volatility 

As mentioned above, fish meal prices are characterized by an extremely volatile trend, with several 

high and low peaks. The figure also shows this trend, indicating a general tendency of increasing 

prices. As can be seen from the figure, as well as from the calculations (Table 6.1), volatility has 

been higher in the most recent period. 
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Table 6.1 Changes in fishmeal prices over the period 1981-2000: comparison of the total and average 

annual % changes in prices per decade. The coefficient of variation is the measure of volatility  

Years % Change in prices Average annual % 

change (compounded) 

Coefficient of variation 

1979-1990 -22.0% -2.2% 22.7% 

1991-2000 24.4% 2.5% 23.3% 

2001-2011 49.4% 4.1% 24.8% 

Total 1979-2011 114.5% 2.4% 35.8% 

Source: Ecorys elaboration. 

 

 

6.1.3 Future trends in resource prices 

Model fit of past prices for estimating future prices 

The development of fish meal prices can be divided into two sub-periods with mid-1995 as the 

breakpoint, as shown in Figure 6.1. Statistical analysis shows that in none of the two periods 

stationarity is found, hence, a good price projection model based on price lags cannot be built.  

 

Existing forecasts 

Overall, both world fisheries production and fish prices are expected to rise by 2020 (OECD-FAO, 

2011). 

 

World fish prices will continue the rising trend shown in 2010 and early 2011, under the effects of 

the very same drivers illustrated above: income and population growth, stagnant capture fisheries 

production, increasing feed costs a higher crude oil prices. Nevertheless, according to the OECD-

FAO projections wild and farmed fish are expected to follow distinct price paths, with the prices of 

captured species increasing by 23% and the price of farmed fish rising by 50% by 2020, as 

compared to the average for the period 2008-2010, with the spread between the average price of 

wild and farmed fish is expected to grow (OECD-FAO, 2011). These trends are presented in Figure 

6.7 (source: OECD-FAO data, 2011). 

 

Figure 6.7 World fish price development in nominal terms between 2000 and 2020  

 
Source: OECD-FAO, 2011. 

 

Fishmeal prices, in particular, are also expected to rise as a result of an expected growing demand 

faced with a rather stable projected production. According to the projections (OECD-FAO, 2011), 

capture fisheries will keep the current stagnant trend, so that the steadily increasing demand for fish 
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will be met by aquaculture: this sector, in fact, is expected to keep growing, albeit at lower rates 

than the present ones –the projected annual growth rate is estimated at 2.8% for the period 2010-

2020, as opposed to the 5.6% annual growth rate recorder in the period 2000-2010. Although in the 

aquaculture sector some feed ingredients can be used as an alternative to fishmeal, the proteins 

contained in the latter are of very high quality, implying that substitution possibilities are limited, as 

fishmeal can only be partly substituted with other protein sources: this means that demand for 

fishmeal is also expected to keep increasing, thus maintaining the trend observed in recent years –

although the growth rate might be lower. At the same time, fishmeal production is expected to 

remain stable, due in particular to stable wild fish captures: the total increase in fishmeal production 

is estimated at 2% by 2020 as compared to the average production in the period 2008-2010 

(OECD-FAO, 2011). These mechanisms translate into the consumption projections presented in 

Figure 6.8 (OECD-FAO, 2011), while figure 6.9 focuses on fishmeal production and consumption 

(own elaboration from OECD-FAO data, 2011): looking at this graph, it can be noticed that, despite 

high and low peaks in both consumption and production, a general positive trend can be observed 

in both curves, although these tendency is much lighter in the production curve. 

 

Figure 6.8 Development of utilisation of world fish production and per capita fish consumption between 

2000-2020  

 
Source: OECD-FAO, 2011. 
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Figure 6.9 Expected trends in production and consumption of fishmeal for the period 2000-2020 

 
Source: own elaboration from OECD-FAO data, 2011. 

 

As previously mentioned, the combined effect of these mechanisms will result in a steady increase 

of fishmeal prices to the year 2020, as illustrated in Figure 6.10. 

 

Figure 6.10 Projected evolution of fishmeal prices over the period 2000-2020 

 
Source: own elaboration from OECD-FAO data, 2011.  

 

Existing forecasts: possible scenarios for future prices 

In addition to the OECD-FAO projections presented above, the expected trends in global demand 

for fishmeal by 2020 were also projected by Delgado et al (2003) using the IMPACT model (supply 

and demand model using parameters reflecting the relevant drivers of price), where the expected 

trend in prices were developed under different global scenarios, summarized below: 

1. Baseline: judged to be the most plausible set of assumptions (current trends and projections for 

future supply and demand); 

2. Faster aquaculture expansion: production growth trends, excluding supply response to price 

change, for all four aquaculture aggregated commodities are increased by 50 per cent relative 

to the baseline scenario; 
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3. Lower China production: Chinese capture fisheries production is reduced by 4.6 mmt in base 

year 1996-1998. Consumption is reduced by an identical amount to maintain balance. 

Reductions are spread proportionately among fish commodities. Income demand elasticities, 

production growth trends and feed conversion ratios are reduced downward, consistent with the 

view that actual growth in production and consumption over the past decade was in fact slower 

than reported; 

4. Fishmeal and oil efficiency: Feed conversion efficiency for fishmeal and fish oil improves at 

twice the rate specified in the baseline scenario; 

5. Slower aquaculture expansion: production growth trends, excluding supply response to price 

change, for all aquaculture commodities are decreased by 50 per cent relative to the baseline 

scenario; 

6. Ecological collapse: -1 per cent annual growth trends in production, excluding supply 

response to price change, for all capture fisheries commodities including fishmeal and fish oil. 

 

The projected total changes in price under these different production scenarios for the period 1997-

2020 are given in Table 6.2. 

 

Table 6.2 Projected total change in fishmeal price under different production scenarios for the period 

1997-2020, obtained by using the IMPACT model, effective change is own calculation based on 1997 

average price of €629.8 tonne and 2011 average price of €1107.8 tonne 

 Scenarios 

1 

(Baseline) 

2 3 4 5 6 

Fishmeal price 

changes in 1997-

2020 (%) 

18 42 21 -16 0 134 

Effective change 

from current 

(2011) prices (%) 

-32.9% -19.3% -31.2% -52.2% -43.2% 33.0% 

Source: Delgado et al, 2003. 

 

While increasing prices were predicted over the whole period, based on current prices a decrease 

in fishmeal price would be likely if the scenarios considered by Delgado et  al held, with the 

exception of one scenario: ecological collapse, which could see prices rise a further 33% on current 

levels. Scenario 4, if efficiency in fishmeal and fish oil conversion improves through rapid 

technologic progress, then real fishmeal and fish oil prices might decrease by 16% on 1997 levels. 

A trend of technological improvement in fishmeal production has indeed already been observed: 

today, up to 25% of fishmeal is obtained from fish waste processing, and ingredient substitution is 

also increasing the efficiency of fishmeal and oil utilization (Bostock et al, 2010; IFFO, 2010).  

 

The baseline scenario presented above, however, suggests that the increase in demand for 

fishmeal will be so significant that its effect on fishmeal prices will be predominant; as this scenario 

is indicated as the most likely one is useful to have a closer look at the expected outcomes: 

 The global growth rate for total food fish consumption through 2020 is forecasted as 1.5% per 

annum, and aquaculture is expected to contribute to almost all of this 1.5% growth per annum; 

 Thus, the global share of food fish production from aquaculture is forecast to rise to 41% in 

2020, up from 31% in 1997, with Asia being the leading region for aquaculture development; 

 As a consequence of the above projections, real fishmeal and fish oil prices are expected to 

increase by a total of 18% by 2020, quite a high increase as compared to the expected increase 

of high-value finfish price (15%) and low-value finfish price (6%); 
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 On the other hand, poultry, pig meat and soybean meal prices are expected to increase only by 

3% on average, and this means that fishmeal prices are likely to become delinked from soybean 

prices by 2020, while fishmeal will most likely exit from most uses in the poultry and hog sector, 

thus becoming more and more linked to aquaculture fish production. 

 

Future price projections 

Based on these factors, the assumptions and trends forecast by other models and our original 

analysis of price trends between 1960-2011 we have developed a forecast model for fishmeal 

prices that presents 3 scenarios. Our projection of constant fishmeal prices uses the following 

parameters and assumptions of changes in them: 

 Brent crude oil prices in 2011 (€ per barrel); 

 Fishmeal production (metric tonnes); 

 EU GDP. 

 

Annual data for GDP and oil prices is available for the period 1992-2010. Future projections of 

fishmeal prices are based on forecast changes in EU GDP, while the model is calibrated by the 

other parameters. Fishmeal production is linked to GDP in a simple consumption relationship. 

 

For the future price projection model all possible regression combinations were tried and the 

following equation turned out to have the best statistical properties in terms of t-statistics, R
2
 and 

DW. 

 

Log(Cu_const) = const + beta1*log(EU_GDP) 

 

The three price scenarios fitted to this model were defined as follows: 

 Base case: Brent prices to stay 80€/bbl 2012-2015, rising to 81€/bbl 2016-2020
300

, and EU 

GDP to grow at 1.0% per annum; 

 High case: Brent prices to grow to 84€/bbl by 2015, and to 97€/bbl by 2020. EU GDP assumed 

to grow at 1.5% per annum; 

 Low case: Brent prices to start at 75€/bbl in 2012, and to fall to 63€/bbl in 2012 by 2015, before 

growing to 68€/bbl by 2020. EU GDP assumed to grow at 0.5% per annum.  

 

Substitution of the scenario values into the regression equation leads to a projection for the yearly 

constant fishmeal prices, as in the figure below. This shows that in a base case scenario we would 

expect fishmeal prices to increase from a 2011 trend level of around 1 110 €/tonne to around 1 180 

€/tonne in 2020, a total increase of 6.8% over the period, or 0.7% each year. In the high scenario 

prices are forecast to increase to around 1 290 €/tonne in 2020, a total increase of 16.8% over the 

period, or 1.7% annually. In the low scenario prices are forecast to decrease to around 1 080 

€/tonne in 2020, a total decrease of 2.3% over the period.  

 

The modelled relationship between price and EU GDP is a simple positive relationship. This is 

consistent with factors examined in the previous sections. The factors highlighted as key drivers of 

prices and volatility are likely to be the biggest factors in major deviation from these trends.  

 

                                                                                                                                                               
300

  All oil price projections are based on the latest EIA-US projection. High and Low are taken as the in-between values of the 

High and Low of EIA, to achieve a reasonable price spread.  
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Figure 6.11 Projections of future fishmeal price scenarios (in constant 2011 €)  
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Source: Ecorys calculations. 

 

 

6.1.4 Competitiveness analysis 

Fishmeal: global and European production  

At the global level, the major fishmeal producers are Peru, Chile, Thailand, Japan and Scandinavia, 

which account for a great share of total world population, as illustrated in (Figure 6.12; IFFO, 2011). 

 

Figure 6.12 World fishmeal production: major producers over the period 2002-2009  

 
Source: IFFO, 2011. 

 

The data for Europe, including some non-EU countries (NW, RU, Faroe Islands, IC) are presented 

in Table 6.3 (FIN, 2010), where it can be observed that the major EU27 producers are DK, ES, UK 

and SE.  
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Table 6.3 European fishmeal production in the period 1999-2009, including Norway, Russia, Faroe 

Islands and Iceland   

 
Source: FIN, 2010.  

Note/2009 data are not complete, only available data at the time of publication were included.  

 

Considering only fishmeal production in the EU27 in the last year for which complete data are 

available (2008), the total EU production amounted to 329 thousand tonnes or, in other words, 

around 7% of total world production (Figure 6.13; EU production: FIN, 2010; data on world 

production: IFFO, 2011). 

 

Figure 6.13 Percentage of EU production on total world production in 2008 

 
FIN, 2010.  

 

Talking about fishmeal production in the EU, it is also interesting to have more insight at the 

sources of raw materials used for the production of fishmeal and fishmeal oil, which are illustrated 

in Figure 6.14 (FIN, 2010). 
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Figure 6.14 Sources of raw materials used for fishmeal and fish oil in the EU 

 
Source: IFFO, 2010b, in FIN, 2010. 

 

Fishmeal consumption  

At the global level, the major consumer of fishmeal is China, followed by the rest of Asia and 

Europe (Figure 6.15; IFFO, 2011). 

 

Figure 6.15 World fishmeal apparent consumption 

 
Source: IFFO, 2011.  

 

The data for Europe are presented in Table 6.4 (FIN, 2010), which also includes some non-EU 

countries (NW, RU, Faroe Islands, IC); in the EU 27, the major fishmeal consumers in 2004 are DK, 

UK, ES, GR and IT. The data for consumption in 2009 are presented in Figure 6.16, which includes 

also Norway (FIN, 2010). 
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Table 6.4 European fishmeal consumption in the period 1996-2004, including Norway, Russia, Faroe 

Islands and Iceland  

 
Source: FIN, 2010.  

 

Figure 6.16 European fishmeal consumption in 2009 (1,000,000 mt) including Norway 

 
FIN, 2010.  

 

EU fishmeal trade flows 

At the global level, a large share of all fish production enters international marketing channels, with 

about 37% (live weigh equivalent) being exported in 2008. The major traded commodities are 

shrimps, accounting for 15% of total trade value, followed by salmon (12%), groundfish (11%) and 

tuna (8%); fishmeal, in turn, accounts for 3% of total trade value (FAO, 2010). 

 

Concerning fish and fishery products at large, the EU is a net importer, with import largely 

outweighing exports over the period 1988-2007; more specifically, exports were quite stable in the 

reference period, while imports showed a strong growth (Figure 6.17; EC, 2010). 
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Figure 6.17 Total EU trade with extra-EU in fish and fishery products  

 
Source: EC, 2010.  

 

EU exports and imports in fish and fishery products in 2010 were structured as shown in Figure 

6.18, where fishmeal is included in the broader category of non-food products (EC, 2012); non-food 

products account for 11,4% of total EU exports in fish and fisheries products, and 11,6% of total 

imports (Figure 6.19; EC, 2012). 

 

Figure 6.18 Trade of fishery and aquaculture products between the EU and third countries in 2010  

 
Source: EC, 2012.  
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Figure 6.19 Share of fishmeal export and import on the EU total exports and imports of fish and fishery 

products  

 
Own elaboration from EC, 2012.  

 

More specifically, with respect to fishmeal the EU is also a net importer from third countries, as it is 

shown in Figure 6.20 for the years 1999-2008 (data source: FIN, 2010). 

 

Figure 6.20 EU fishmeal trade towards non-EU countries 1999-2008 (‘000 tonnes) 

 
Own elaboration from data provided by FIN, 2010.  

 

In particular, EU top exporters are Denmark and Germany, accounting for a major share of total 

exports (Figure 6.21; data source FIN, 2010), while the major importers are Germany, Denmark 

and Greece (2008, expressed in ‘000 tonnes 

Figure 6.22; data source FIN, 2010).  
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Figure 6.21 Fishmeal exports by EU countries towards non-EU countries in 2008, expressed in ‘000 

tonnes 

Figure 6.22 Fishmeal imports by EU countries from non-EU countries in 2008, expressed in ‘000 tonnes 

 
Source: Own elaboration from data provided by FIN, 2010.  

Source: Own elaboration from data provided by FIN, 2010. 

 

Focus on the aquaculture sector in the EU 

As previously shown, the aquaculture sector is the major fishmeal user worldwide: providing an 

overview on this sector is therefore crucial, as it will allow to better understand the effects of price 

changes on production, consumption and competitiveness. 

 

The EU accounts for a small portion of total world aquaculture production, namely 12.5% of total 

fish value and 4.5% of fish weight; the Asian continent, on the other hand, accounts for 30% (value) 

and 26.5% (weight) of total fish production, and for 39% (value) and 37.5% (weight) of total 

crustaceans production (Figure 6.23; FAO, 2011). 

 

Figure 6.23 Contribution of Asia and Europe to world fed aquaculture by type of cultures  

 
Source: FAO, 2011. 

 

In the EU, the major producers are FR, ES, IT and EL in terms of production volumes, and FR, IT, 

EL and ES in terms of production value, according to 2009 data (Figure 6.24; EC, 2012). 
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Figure 6.24 Total aquaculture production by member State in 2009  

Figure 6.25 EU aquaculture production per product type in 2009  

 
Source: EC, 2012.  

Source: EC, 2012. 

 

Mollusks and crustaceans play a major role in the EU aquaculture sector, representing 50% of total 

production –this data is in apparent contradiction with FAO data, but it takes into account also 

mollusks, while FAO takes into account only crustaceans- followed seawater fish (28%) and 

freshwater fish (22%) (Figure 6.25; EC, 2012). More specifically, the top 10 EU aquaculture species 

are presented in, and include: (i) the three top species in terms of production value: rainbow trout, 

Atlantic salmon and gilthead seabream; and (ii) the top three species in term of production weight: 

Mediterranean mussel, rainbow trout and blue mussel (Figure 6.26; EC, 2012). 

 

Figure 6.26 Top ten species produced in aquaculture in the EU in terms of production weight and value 

in 2009  

 
Source: EC, 2012. 

 

The type of products grown in aquaculture is an important aspect, because it can provide 

information on the main types of aquafeed used: different species must in fact follow different diet 

or, in other words, are fed with different combinations of ingredients, including fishmeal. High-value 

fish such as crustaceans, salmon and other finfish require in fact a high share of fishmeal in their 

diet, while carps and other cyprinids need a low share (2-7% of total aquafeed) (FAO, 2011). The 
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EU, producing mainly salmonids and finfish, is therefore employing a high share of fishmeal as 

compared to the total amount of aquafeed used. Asian aquaculture, in contrast, produces mainly 

carps and other cyprinids, thus requiring a lower proportion of fishmeal in the total volume of 

aquafeed used. Asia, however, in recent years has been moving away from bulk production, 

shifting to high-value species (e.g. crustaceans), thus requiring increasingly higher shares of 

fishmeal, and this trend is expected to continue in the future (FAO, 2011). 

 

Impact of price changes and volatility on production and consumption 

In general, aquafeeds (including fishmeal) account for 50-70% of production costs, so rising 

commodities prices, resulting increasing aquafeed prices, are likely to have a significant impact on 

producers and production choices (FAO, 2011).  

 

Fishmeal, in particular, accounts for only 25% of total raw materials used to produce aquafeed, but 

it represents 43% of raw material costs of aquafeed and 32% of total production costs. Escalating 

fishmeal costs, therefore, are likely to pose a significant burden to farmers in terms of production 

costs, especially when high-value species (e.g. salmonids) are grown, as it is the case in Europe. 

 

The volatility of supply and the consequent volatility of prices, which depends on the variability of 

pelagic fish catches, adds up uncertainty to this general picture. 

 

On the other hand, fishmeal (and fish oil too) is a highly favoured ingredient in aquaculture, as it 

presents several advantages with respect to other types of feed (FAO, 2011): 

 High protein, essential amino acids, minerals and essential fatty acids; 

 High palatability and digestibility, thus increased growth of fish and less feed wastage; and 

 Health benefits such as improved immunity, survival rate and reduced incidences of deformities. 

 

Even if faced with escalating increasing prices, therefore, the aquaculture industry can not eliminate 

fishmeal from fish’ diets. Nevertheless, at the current growth rate of aquaculture, potentially all 

fishmeal and fish oil would be utilized by 2020 and 2010, respectively (Tacon, 2005; in FAO, 2011). 

Finding suitable, sustainable alternatives to fishmeal is thus a practical solution; moreover, due to 

the volatility of supply and rising prices, major industrial aquafeed manufacturers have already 

started to evaluate alternate protein and oil sources, and considerable progress has been made in 

recent years in this direction. Substitution of fish proteins and oil with proteins and oils of vegetal 

origins has in fact become increasingly possible thanks to technological advancement, which has 

introduced new pre-processing techniques of plant material, plant breeding techniques able at 

improving the amino-acid profile of plants, and innovative protein sources (FAO, 2011). 

 

The effects of this recent substitution trend are already visible: in recent years, in fact, global 

aquaculture production has continued to grow, while fishmeal and fish oil consumption has 

remained static (Figure 6.27; IFFO, 2011). 
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Figure 6.27 Trends in aquaculture production fishmeal and fish oil production in 2000-2008 

 
Source: IFFO, 2011. 

 

This trend is expected to continue in the future. The excessive reliance on fishmeal and fish oil, 

faced with growing aquaculture, stable supply and rising prices led to two dedicated research 

projects under the FP5, namely RAFOA and PEPPA
301

; the project identified reduction targets of 

dependency of fishmeal and fish oil, presented in Table 6.5 (FAO, 2011). 

 

Table 6.5 Targets for reduction of dependency on fishmeal and oil identified by RAFOA and PEPPA 

 
Source: FAO, 2011. 

 

Another possibility for substitution is the production of fishmeal and fishmeal oil from fisheries by-

products, which is becoming increasingly common: in 2008, fishmeal produced from by-products 

reached 25% of total fishmeal production (IFFO, 2010). 

 

Beside fishmeal substitution and use of by-products, a third type of impact could occur as a 

consequence of higher prices. The aquaculture industry, in fact, has some production advantages 

with respect to poultry and pork farming, the other major users of fishmeal. The first advantage is 

related to the edible and premium meat yield of aquaculture species. Poultry, for example, has a 

premium meat yield of less than 40% and a premium meat yield of approximately 40%; salmon, in 

contrast, has an edible meat yield of 60%, of which the majority can be considered premium meat 

yield (Forester, 1999; in Shamshak and Anderson, 2010). The second advantage is linked to the 

feed conversion ratio, i.e. the quantity of feed which is needed to produce a kg of animal growth. 

Also in this case, fish performs better than other livestock species: the FCR for salmon is equal to 

1.2, and for tilapia it is 1.6-1.8; FCR for pork, in contrast, amounts to 3.4-3.6 (Shamshak and 

Anderson, 2010). With increasing fishmeal prices, species with lower feed requirements therefore 

have a competitive advantage: this means that increasing prices might lead to an increased share 
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  RAFOA – Research on Alternatives to Fish Oil in Aquaculture, coordinated by the University of Stirling, Scotland; PEPPA – 

Perspectives of Plant Protein Use in Aquaculture, coordinated by INRA, France. 
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of total fishmeal production used in aquaculture, at the expenses of the poultry and pork farming 

sectors (Shamshak and Anderson, 2010). 

 

Competitiveness impacts 

To understand the possible effects of rising fishmeal prices on EU competitiveness on global 

markets, the previous paragraphs can provide some useful indications, and in particular: 

 The EU produces only a limited share of the fishmeal produced worldwide, but its share of world 

total consumption is significant; 

 Fishmeal represents quite a significant share of the total EU imports and exports of fish and 

fishery products (11.4% and 11.6% respectively); 

 The EU is a net importer of fishmeal; 

 The EU produces only a small share of the total world aquaculture production, but it produces 

mainly high-value products, which require higher shares of fish meal in their diet, as opposed to 

Asia, where currently species with lower requirements are farmed (although a trend towards 

high-value species has already started). 

 

The prevalence of high-value species in EU aquaculture suggests that rising fishmeal prices might 

have a strong impact on the EU aquaculture sector, especially because the EU is a net importer 

and produces less than what it consumes; moreover, fishmeal represents quite a significant share 

of total EU trade in fish and fishery products. In a world-wide perspective, however, it can be seen 

that EU aquacultural production is only a small part of total world production, where Asian countries 

(and China in particular) play a major role; Asian aquaculture is also shifting towards high-value 

species requiring a higher share of fish protein. In this light, rising fishmeal prices are likely to have 

a more intense impact on Asia rather than the EU.  

 

In addition, from a competitiveness perspective it must be considered that, while the size of EU 

aquaculture sector can be defined quite stable, Asian aquaculture is growing fast, and it is projected 

to continue to grow in the coming years, with a consequent increasing demand for fishmeal: 

increasing demand might represent a market opportunity for the EU, which might increase fishmeal 

exports to Asia and thus gain a competitiveness advantage. 

 

Besides these factors, however, the recent developments in feeding technologies and substitution 

possibilities open new opportunities for the EU: investments in innovation and research in this field, 

in fact, can enhance fishmeal efficiency of the EU aquaculture sector, offsetting the negative 

impacts of rising prices and creating a competitive advantage with respect e.g. to Asia. As the EU is 

already moving in this direction (e.g. RAFOA and PEPPA research projects), this perspective 

seems particularly realistic. 

 

Completeness of price message 

As seen in the previous sections, fishmeal prices are quite sensitive to a variety of factors; in this 

respect, it is maybe useful to make a distinction between drivers reflected in the general price trend 

and drivers reflected in short-time fluctuations or, in other words, in the observed price volatility. In 

brief, the key drivers of prices can be subdivided as follows: 

 Drivers influencing general price trends: long-term increase in fuel prices, stagnant capture 

fisheries production (leading to very low increase in production), increased population and 

income growth, leading to a rising demand for food and to a higher demand for protein-richer 

diets and causing, in turn, an increase in aquaculture production, price and demand curve of 

soybean meal; 

 Drivers influencing short-terms price fluctuations and volatility: volatility of supply, caused by its 

dependency on climatic events (El Nino) and climate change, short-term fluctuations of oil 

prices. 
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In this sense, considering price sensitivity to all these key drivers discussed in previous sections, 

the following hypothesis can be made: 

 With respect to general price trends, the price increase recorded in recent years seem to 

respond to the rising demand, coupled with a more stable production. In this light, the price 

would be a good indicator of the relative scarcity (increasing demand against stable supply) of 

the raw material needed for fishmeal production (wild fish); 

 Price fluctuations on the short run seem to respond very quickly to supply shortages determined 

by climatic events such as El Nino, as the high price peak of 1973 shows. 

 

Besides this, it must also be recognized that demand, supply (and relative scarcity) and climatic 

events are not the only driving forces of fishmeal price changes, as crude oil price fluctuations also 

play an important role: therefore, although these hypothesis might prove to be true, it cannot be 

expected that these variables alone explain price variations –for example, one year demand might 

grow, but prices might decrease following a decrease in oil prices and thus transportation costs. 

 

To check the first hypothesis, available data do not allow comparing changes in demand with 

changes in price over the years, but it is possible to analyse the changes in production with the 

respective changes in prices based on production figures provided by IFFO (2011) and the price 

figures made available by the World Bank (2011). As previously illustrated, in recent years fishmeal 

prices have followed a constant, steep rising trend, and it is therefore more interesting to work with 

recent data to see whether rising prices correspond to a decreasing supply or, in other words, 

whether prices reflect scarcity of the primary resources needed (wild fish). The table below shows 

the production and prices data for the period 2000-2009 together with the yearly percentage 

changes. 

 

Table 6.6 Yearly production (Mt) and yearly changes in production (%) compared to yearly prices 

(USD/Mt) and yearly price changes (%) for fishmeal over the period 2000-2009 

Production (Mt)
Yearly change                 

(%)

Prices               

(USD/Mt)

Yearly change                 

(%)

2000 7,125 413,00

2001 5,997 -15,83 486,67 17,84

2002 6,201 3,40 605,92 24,50

2003 5,401 -12,90 610,71 0,79

2004 6,274 16,16 648,58 6,20

2005 6,023 -4,00 730,96 12,70

2006 5,23 -13,17 1166,33 59,56

2007 5,025 -3,92 1177,25 0,94

2008 5,006 -0,38 1133,08 -3,75

2009 4,775 -4,61 1230,25 8,58

Average yearly 

production 

change

-3,916272183

Average 

yearly price 

change

14,15063509

 
Source: IFFO, 2011, World Bank, 2011. 

 

At a first glance, it could be inferred that a (slightly) decreased production over the period 2000-

2009 did in fact correspond to a (steeper) price increase. The correlation coefficient between the 

two variables, however, is only equal to -0.321, thus implying only a weak relationship between the 

two variables. Over the years, in fact, production decrease was not always accompanied by a price 

increase, and when this did happen the proportion of the price increase relatively to the price 

change is very variable; the same can be said of production, positive variations and corresponding 
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price changes. This weak correspondence is pretty evident in the graph below (Figure 6.28), which 

compares the yearly production and price changes over the selected period. 

 

Figure 6.28 Comparison of yearly changes in fishmeal production (%) (Data source: IFFO, 2011) and 

yearly changes in fishmeal prices (%)  

 
Source: World Bank, 2011. 

 

According to such elaborations, therefore, it can be said that so far price signals do not seem to 

adequately reflect the supply and, as a consequence, the yearly availability/scarcity of the primary 

resource used for production (wild fish). Therefore, concurring factors, such as for example fuel 

prices and consequent transportation costs, might have a stronger influence on prices. 

 

Looking more in detail short-term fluctuations and price volatility (second hypothesis), it is useful to 

check whether high price peaks actually correspond to El Nino Events, and whether steep peaks 

correspond to strong events and low peaks to weak events: this will allow an understanding of 

whether fishmeal price actually reflect yearly supply shortages due to climatic conditions. 

 

The occurrence and intensity of El Nino events in the considered time period (1960-2010, on the 

basis of the price time series provided by the World Bank, Pink sheets) are shown in Table 6.7 and 

Figure 6.29 below (Source: Golden Gate Weather Services, 2012). 

 



 

 

239 Mapping resource prices: the past and the future 

 

Table 6.7 Occurrence and intensity of El Nino events over the period 1650-2009 

Figure 6.29 Oceanic Nino Index: occurrence and intensity of El Nino and La Nina events over the period 

1950-2012) 

 
Source: Golden Gate Weather Services, 2012. 

Source: NOAA, in Golden Gate Weather Services, 2012. 

 

These data were then compared to the fishmeal price series presented at the beginning of this 

chapter, as shown in the figure below.  

 

Figure 6.30 Occurrence of El Nino events with respect to fishmeal price fluctuations  

 
Source: Golden Gate Weather Services. 

Source: World Bank Pink Sheets. 

 

The comparison shown above can be summarized as follows. 

 

El Nino events – 

Legend 

 

Weak event 

 

Moderate event 

 

Strong event 
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Table 6.8 Summary of the comparison between the occurrence and intensity of El Nino events 

(Source: Golden Gate Weather Services) and fishmeal price fluctuations 

El Nino event Intensity Price peak
Intensity of 

price increase

1963 Mod
Fol lowing 

year
Low

1965 High Yes Mod

1968 Mod
Fol lowing 

year
Mod

1968 Low Yes Mod

1969 Low Yes Mod

1973 Strong Yes Very High

1976 Low Yes High

1977 Low Yes Low

1982 Strong
Fol lowing 

year
Mod

1986 Mod No _

1987 Mod Yes Mod

1991 Mod Yes Low

1997 Strong
Fol lowing 

year
Low

2002 Mod Yes Mod

2004 Low
Fol lowing 

year
Low

2006 Low Yes High

2007 Mod Yes Mod
 

Source: World Bank Pink Sheets. 

 

These results seem to confirm that El Nino events, limiting pelagic fish capture in the Pacific Ocean, 

do have a strong influence on fishmeal price fluctuations: all El Nino events but one (1986) 

correspond in fact to a price peak the same years (in 11 cases) or the following year (5 cases) –a 

price peak one year later can be still be considered a consequence of an El Nino events, 

accounting for possible slower reactions of the market due, for example, to higher available stocks 

at the moment of the event. On the other hand, a very weak correspondence can be observed 

between the intensity of El Nino events and the corresponding intensity of price change, and this 

suggests that other factors might play a role in determining the intensity of the price peak. 

 

In conclusion, it can be inferred that, although fishmeal price does not accurately reflect the long-

term availability of the commodity (yearly production), it is in fact very responsive to short-term 

supply shortages as the ones caused by El Nino events. 

 

On the demand side, the previous section on the key drivers of prices showed that fishmeal prices 

so far have been highly responsive to market changes and, in particular, to the steep rise of the 

demand for this ingredient caused by the great expansion of the aquaculture sector in Asia. As 

previously mentioned, for example, that China recently became one of the major world aquaculture 

producers, and it is currently purchasing quantities of fishmeal equivalent to the 50% of total world 

exports. Therefore, this suggests that the price message adequately reflects changes in the market 

structure for this product. 
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7 Timber (forestry) 

7.1 Sawnwood 

7.1.1 Key facts 

Key facts Sawnwood 

Description  Sawnwood is timber that has been processed in a saw mill. It serves as the raw material 

for various wooden products.  

Price definition Monthly prices for Malaysian sawnwood, in constant 2011 Euros. 

Globally traded Globally traded, however the US, Canada, China, Russia and Brazil are the major 

producers (FAOSTAT 2010).  

Production & Trade 

flows 

Apart from the five dominating countries, other significant producers are Germany, 

Sweden, India, Austria, Finland, Japan and France. 

 Key importers are the US, China, Japan and Italy (FAOSTAT 2010).  

Global volumes 323 million MT global production. 

2010 global value The global sawnwood production for 2010 represented 250.3 billion euros (according to 

FAO production data and Malaysian sawnwood price from the World Bank Pink Sheet). 

2010 EU value 64.3 billion euros (current euros). 

EU Self-sufficiency 

ratio 2010 

112% 

Key sectors Sawnwood is mainly used in construction, furniture, packaging, mining and railway 

sleepers. 

Environmental 

impact 

Habitat conversion and degradation, burning during plantation establishment, soil 

erosion. 

Data source used World Bank (Pinksheet 1960-2012). 

Data coverage 1971 -2011 monthly prices. 

Additional data 

sources 

(FAOSTAT 2010), GLOBIOM. 

Unit USD/ metric tonne. 

Deflator MUV Index, 2011 =100 (constant prices at year 2011 level). 

Anything other 

relevant for this 

specific resource 

Major natural disturbances like storm, fire, drought, pests, etc. might affect prices, as 

there will be an oversupply in the short-term. 

Outlook Sawnwood prices are expected to increase slightly until 2020 and then to stabilize 

according to the GLOBIOM model projections.  

Trend value Long term trend is of decrease in real prices of 0.2% per annum during 1971-2011.  

 

 

7.1.2 Past trends in resource prices and volatility 

Evolution of real prices 

The following figure plots the monthly prices in constant 2011 Euros per cubic meter of sawnwood. 
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Figure 7.1 Price of sawnwood in 2011 constant EUR per cubic meter, 1971-2011 

 
Source: Data from World Bank pink sheet (1960-2012). 

 

Sawnwood prices fluctuated during the time period of 1970 to 2012, having the highest price at 

EUR 700/cubic meter in 1994 and the lowest at EUR 418 /cubic meter in 1986 (WB Pink Sheet 

(1960-2011)). The 1994 peak is due to a decrease in the sawnwood supply that had several 

causes, including a tightening of US wildlife habitat protection policies that affected wood 

production. At the time, the US was an important supplier of wood for the Asian market.  

 

Overall, prices have been fluctuating until 1999 followed by a larger increase. They stabilized 

between around 2001 and late 2008, after which they started fluctuating again: 

 1970 – 1999: slightly increasing trend. Price fluctuations seem relatively low; 

 1999 – beginning 2001: a sharp price peak in October 2000 reaching EUR 1069/cubic meter 

(in 2011 constant EUR) with a decrease after the peak due to a response of the supply to high 

prices; 

 2001 - present: Except for a drop in mid-2009, prices seems relatively stable, especially 

between 2001-2008.  

 

Based on visual observation, there is no trend break in the price data. 

 

Relation to inflation – the correlation coefficient between current prices of sawnwood and inflation 

(MUV index) is rather high at 0.86. Moreover, regressing inflation (+ constant) on current prices of 

sawn wood returns an R
2
 of 0.81.

302
 From both these results it can be concluded that changes in 

current sawn wood prices follow changes in inflation quite closely. 

 

Key drivers of prices 

The price drivers for wood commodities include: 

 

In the long term: 

 Environmental change and degradation: climate change and more globally all environmental 

changes (such as land degradation) that affect land resources and agro-climatic features are 

able to impact long-term production capacities of the forestry sector; 
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  Using equation: Log(inflation) = constant + beta * Log(current aawnwood prices). 
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 Biofuel mandates: the increasing need for agricultural land required for producing biofuels is a 

driver of deforestation. 

 

In the short term: 

 Climatic accidents: forests are sensitive to drought and heat waves, causing large fires. Storms 

are responsible for forest destructions, etc. Storms are the main reason for fluctuation in 

European wood prices. The storms of 2005 in Sweden and also of 2006, 2007 and in January 

2008 in Europe moved the prices downward. The most affected countries for the storm in 2008 

were Austria and Germany. Global log prices can fluctuate for many reasons, which are mostly 

country or region specific. Hence, to detect the reasons of the global prices fluctuations for logs 

is a difficult task; 

 Pests or diseases accidents. 

 

Analysis of volatility 

The following table presents some statistics about the different trends that can be observed 

concerning past prices and volatility over the different periods: 

 

Table 7.1 Periodic changes in sawnwood prices, EUR / tonne, 2011 constant prices 

Years 
% Total change in 

prices 

Average annual % 

change (compounded) 

Volatility (coefficient of 

variation) 

1971-1980 -35.1% -4.7% 0.18 

1981-1990 7.7% 0.8% 0.18 

1991-2000 78.2% 6.6% 0.25 

2001-2011 -17.5% -1.9% 0.15 

Total 1971-2011 -9.3% -0.2% 0.20 

1990-2011 23.3% 1.0% 0.20 

 

It seems that prices have decreased significantly during the seventies. Then the prices have 

followed a stagnating trend until the mid-90s despite an increased volatility. After the mid-90s, 

prices seem to have increased again to settle to a higher level than in the eighties.  

 

In overall, the price volatility of sawn wood is relatively low, on average only 0.2 during the entire 

period investigated.  

 

 

7.1.3 Future trends in resource prices 

Model fit of past prices for estimating future prices 

Statistically speaking, stationarity tests for the monthly series confirm stationarity for the entire 

1971-2011 period (99.9% confidence), according to the Dickey-Fuller t-statistic of the unit root test 

with intercept and without trend. This would imply that there is no trend break and the whole period 

could be used for future projections. The model with log converted variables and where the current 

value depends on two lags has the best fit in terms of R
2
, Durbin-Watson and t-statistics. 

 

log(SW) = constant + coeff1 * log(SW(-1)) + coeff2 * log(SW(-2)) 

 

The following figure presents the result and the estimated equation and the statistics. All 

coefficients are significant with >99% confidence.  
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Figure 7.2 Model fit of monthly prices of aluminium in 2011 constant EUR per metric tonne, 1970-2011 

 
Source: Ecorys calculations. 

 

Based on this model, the expected sawnwood price in 2020 would be EU% 572/m
3
.  

 

Existing forecasts 

Future trends in commodity prices, including sawnwood, are provided by the World Bank in its 

Commodity Markets price forecasts
303

, regularly updated. The price considered for sawnwood is the 

Malaysian price. These forecasts are presented on the following graph (the data before 2012 are 

observed data): 

 

Forecast 1: World Bank (2012) Commodity Price Forecast Update 

 
Source: Commodity Markets, price forecasts, World Bank. 

 

The graph tends to show that after the important and regular increase that occurred between 1980 

and 2011, prices should continue to increase but at a much lower pace until 2025. The price of 

USD 1045/m
3
 by 2020 (equivalent to around EUR 760/m

3
) is higher than projected price according 

to the lag model based on past data. 
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  http://econ.worldbank.org/WBSITE/EXTERNAL/EXTDEC/EXTDECPROSPECTS/0, 

,contentMDK:21574907~menuPK:7859231~pagePK:64165401~piPK:64165026~theSitePK:476883,00.html. 

http://econ.worldbank.org/WBSITE/EXTERNAL/EXTDEC/EXTDECPROSPECTS/0,,contentMDK:21574907~menuPK:7859231~pagePK:64165401~piPK:64165026~theSitePK:476883,00.html
http://econ.worldbank.org/WBSITE/EXTERNAL/EXTDEC/EXTDECPROSPECTS/0,,contentMDK:21574907~menuPK:7859231~pagePK:64165401~piPK:64165026~theSitePK:476883,00.html
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Future price projections 

The Global Biomass Optimization Model (GLOBIOM) developed at the IIASA (International Institute 

for Applied Systems Analysis) is an economic model able inter alia to make price projections. 

GLOBIOM is a partial equilibrium model for agriculture and forestry. It means that GLOBIOM 

models the behaviours of producers and consumers as well as their interaction on markets for the 

agricultural and forestry sectors. The model aims at maximizing the sum of producers and 

consumers surplus on the global scale by changing land allocation as well as production systems. 

Please refer to the annex D for further details about the GLOBIOM model structure and functioning 

as well as the scenarios assumptions used for the projections presented in this report.  

 

The following graph (figure 7.3) presents GLOBIOM price projections for sawnwood biomass: 

 

Figure 7.3 Sawnwood price projections using GLOBIOM 

 
Source: GLOBIOM Output. 

 

GLOBIOM projections also tend to show an increasing price at a decreasing pace over time. There 

is a 15.9% price increase projected during 2010-2020 in EU27 (compared to a 22.6% global price 

increase), while the price increase 2020-2050 is only 7.1% in EU27 (compared to a global price 

increase of 19.7%). However, the increase during the 2000s decade seems a bit lower in 

GLOBIOM projections and the slowing down slower and more regular. We should note that 

sawnwood biomass consists of the unprocessed wood products that are destined to make 

sawnwood products whereas the World Bank projections are made for the processed products. 

This could lead to some little divergences between the two projections. However, they look quite 

similar with an increasing asymptotic shape. 

 

GLOBIOM is actually used to make projections for different scenarios. In particular this report 

presents different price projections corresponding to different assumptions made on agricultural 

yields growth (figure 8.3). For further details on these scenarios, please refer to section 8.1.3. The 

choice of a given scenario has also an importance on wood products prices as agriculture and 

forestry sectors are competing for land in GLOBIOM. However, the effect on wood production is 

indirect and the differences between scenarios should be lower for these products. Indeed, in the 

case of sawnwood, price projections for the different scenarios are not distinguishable as can be 

seen from figure 7.3.  
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7.1.4 Competitiveness analysis and behavioural impacts 

Production and consumption of sawnwood 

According to the report State of the World’s Forests (FAO, 2009), on the global scale both the 

production and the consumption of sawnwood are expected to increase on a regular basis at the 

horizon 2030 (respectively at 1.5% and 1.4% per year). Europe would globally follow this trend. 

However, Western and Central Asia would show a higher increase both in production and 

consumption and Africa a higher increase but only in consumption. The main drivers for wood 

production and consumption (pointed out in the same report) are demographic changes, economic 

growth, and to a lesser extent environmental regulations and energy policies. 

 

The following table presents the extent of the European production of sawnwood relative to the 

global production: 
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Table 7.2 Global and European production and consumption trends of sawnwood 

Sawnwood 2002 2003 2004 2005 2006 2007 2008 2009 

% 

change 

2002-09 

Global production (m3) 393422690 399643500 426296662 438521348 447087318 443153350 399501819 363890868 -7.5% 

EU production (in m3) 99019153 102073843 105813394 108083438 112136252 115379622 99208619 91046303 -8.1% 

% of world production 25.17 25.54 24.82 24.65 25.08 26.04 24.83 25.02 0% 

Source: FAOSTAT. 

 

 



 

 

248 Mapping resource prices: the past and the future 

 

 

According to FAOSTAT, the share of the European (EU27) production of sawnwood in global 

production (that is important by the way) has remained quite constant from 2002 to 2009.  

 

Trade flows 

The two following pie charts present respectively the top five exporters and the top five importers 

for sawnwood and their relative importance in world trade. These shares were calculated 

considering trade flows in values for 2009, which is why some divergences can be observed 

between these graphs and the export and import data presented in the key fact section that are 

expressed in quantities and given for 2008. 

 

Figure 7.4 Key exporters and importers of sawnwood according to trade value for 2009 

 
Source: FAOSTAT. 

 

These graphs show that sawnwood exports are dominated by Canada, Germanic (incl. Nordic 

countries) and Russia known for their conifers forests. 

 

Over the whole period of 1960 to 2010, trade flows of sawnwood involving European countries 

(both intra and extra-EU) have increased as it is shown on the next graph. The European trade 

balance which was negative (in quantity) until the last few years has then become positive in the 

last decade. FAOSTAT does not propose statistics on extra EU trade flows only so it is hard to say 

whether the intensification of EU trade was more due to intra-EU trade than to extra-EU trade like 

for the crops (cf. the Biomass section). However, considering the importance of some European 

countries as sawnwood exporters and importers, we may presume that the increase in trade might 

be due at first to intra-EU trade. 
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Figure 7.5 EU27 trade flows in sawnwood 

 
Source: FAOSTAT. 

 

The GLOBIOM model was used to predict the evolution of the trade balance for sawnwood 

products. Note that this time, the trade balance is calculated for the processed sawnwood products. 

These projections are made for the EU27 and for three yield growth scenarios (that are presented 

in section 8.1.3). The results are presented in the following graph (figure 7.6): 

 

Figure 7.6 Projections for EU trade balance in sawnwood 

 
Source: GLOBIOM Output Note that the price balance is determined in function of the volume of output, not in values. There 

might be some discrepancies with trade balances calculated in values due to possible differences in quality between exports 

and imports (in GLOBIOM, commodities are considered perfectly homogenous). 

 

The projections tend to show that the sawnwood trade balance, which is negative (according to 

GLOBIOM but not to FAOSTAT) would partially recover in the future. The differences between 

GLOBIOM and FAOSTAT data could be due to the reason developed in the previous paragraph or 

to a difference in the definition of the sawnwood commodity (that is an aggregate). 

 

Completeness of the price message 

In theory and under a given set of assumptions concerning perfect competition, the price fixation 

enables the adjustment between supply and demand and the resulting price signal is supposed to 
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lead to (socially) optimal production decisions. However, some particularities of wood production 

might prevent the formation of this optimal price and of optimal decisions. 

 

Externalities 

In deforestation cases, production prices do not reflect the negative effects triggered by 

deforestation on the other human activities. Indeed, deforestation is a major responsible of GHG 

emissions and subsequently of the global warming for example. Forests removal can also provoke 

landslides that can cause terrible human and economic damages. These considerations are not 

reflected in the price of wood. 

 

Market structure 

The limited number of companies in the downstream sectors (building companies, furniture 

manufacturers, distributors) might give them a market power. 

 

Failure to recognize scarcity issue 

Exploitation of unmanaged forests: the analysis of market mechanisms and price formation for 

wood products is a little more complicated than for crop commodities. Indeed, wood production can 

be made from managed forests or from the deforestation of natural forests. In the first case, the 

production can be compared to crop production and wood is a renewable resource. In the second 

case, wood production is comparable to the extraction of a non-renewable resource. In the case of 

deforestation, production costs often consist only of extraction and transformation costs, the 

scarcity of the resource is not taken into account (or possibly a at low price). Deforestation is often 

due to the absence of public regulation or private property rights or to the fact that they are not 

enforced. 

 

Environmental concerns about global warming mitigation, ecosystems conservation or the need for 

recreational services have pushed for the adoption of forests protection policies (at least in some 

regions). As a result, wood exploitation has been strongly limited or even forbidden in certain areas. 

To make this resource inaccessible might have an effect on wood prices. In order to overcome 

these limits in price completeness, some seals of approval (such as the FSC, Forest Stewardship 

Council
304

 for example) have been implemented to identify wood products that come from 

sustainably managed forests.  

 

 

7.2 Wood pulp 

7.2.1 Key facts 

Key facts Wood pulp 

Description  Wood pulp is pulp that comes from wood and is the most common raw material in 

papermaking.  

Price definition Monthly prices for wood pulp, in constant 2011 Euros. 

Globally traded Globally traded, however Indonesia, Brazil, South Africa, New Zealand and Chile are 

the major countries with pulp plantations (CCFM 2001).  

Production & Trade 

flows 

Apart from the five dominating countries, other significant countries in areas planted for 

pulp include Malaysia, Vietnam, Thailand, Uruguay, Paraguay, Argentina, Venezuela, 

Colombia, Mexico, China, Chile, Portugal, Spain and South Africa. Key pulp-producing 

countries (by weight) are the US, Canada, China, Finland, Sweden, Japan, Brazil, 

Russia, Indonesia and Portugal. 
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Key facts Wood pulp 

 Key importers the US, China, Germany, Italy, Japan and France.  

Global volumes 323 million t global production. 

2010 global value According to FAOSTAT production data and the wood pulp price in the World Bank Pink 

Sheet: 110.18 billion euros (current euros). 

2010 EU value 24.16 billion euros. 

EU Self-sufficiency 

ratio 2010 

88% 

Key sectors Wood pulp is used to produce all the different kind of paper products. 

Environmental 

impact 

Habitat conversion and degradation, pollution from agrochemical use and processing, 

burning during plantation establishment, soil erosion. 

Data source used World Bank (Pinksheet 1970-2012). 

Data coverage 1970 -2011 monthly prices. 

Additional data 

sources 

FAO Stat, GLOBIOM. 

Unit USD/ metric tonne. 

Deflator MUV Index, 2011=100. 

Anything other 

relevant for this 

specific resource 

Major natural disturbances like storm, fire, drought, pests, etc. might affect prices, as 

there will be an oversupply in the short-term. 

Outlook Wood pulp price on the global scale is expected to increase steadily but at a reasonable 

pace until 2050. 

Trend value Long term trend is of decrease in real prices of 2% per annum during 1971-2011.  

 

 

7.2.2 Past trends in resource prices and volatility 

Evolution of real prices 

 

Figure 7.7 Price of wood pulp in 2011 constant EUR per metric tonne, 1979-2011 

 
Source: World Bank pink sheet. 

 

According to the World Bank (Pink Sheet 1970-2012), there has been a significant drop in 

woodpulp prices in 1991. A clear trend break is visible at this point. Between 1979-1991, price 

fluctuations have been greater than during the period 1991-2011. In 1991 the price dropped from 

around EUR 600/tonne in August 1991 to around EUR 114/tonne in September 1991.  
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In 2010 the production of pulp has increased and also the demand for wood raw material, causing 

an increase on wood chips and prices in most regions of the world. In Europe, storms like the 

Grudun storm in 2005 that devastated big forest areas in southern Sweden are the main causes 

responsible for decreasing prices. Moreover, the storm of January 2008 decreased log prices 

mainly in Germany and Austria. There were also storms in 2006 and 2007, but they were not as 

severe as the one in 2008. Reasons for fluctuations in wood prices around the world vary a lot in 

different areas. Sometimes the wood prices are not related with the international market because 

they are mostly locally traded. 

 

Relation to inflation – the correlation coefficient between current prices of woodpulp and inflation 

(MUV index) is rather high at 0.7. Moreover, regressing inflation (+ constant) on current prices of 

woodpulp returns an R
2
 of 0.42.

305
 From both these results it can be concluded that changes in 

current woodpulp prices moderately follow changes in inflation. 

 

Key drivers of prices 

Please refer to the sawnwood section (7.1) of this report.  

 

Analysis of volatility 

There is a decreasing trend in wood pulp prices over the period of 1979 to 2011. The following table 

presents a few statistics concerning the different trends that can be observed for past prices: 

 

Table 7.3 Periodic changes in wood pulp prices, EUR / tonne, 2011 constant prices 

Years 
% Total change in 

prices 

Average annual % 

change (compounded) 

Volatility (coefficient of 

variation) 

1981-1990 5.8% 0.6% 0.14 

1991-2000 -60.3% -9.7% 1.02 

2001-2011 21.1% 1.9% 0.33 

Total 1979-2011 -55.4% -2.0% 0.80 

1990-2011 -68.0% -5.3% 0.65 

 

The analysis shows that the period 1991-2000 has been the most volatile. This is due to the 

significant drop in wood pulp prices in mid-1991 that counts for such a high volatility in this period. 

Other than that the wood pulp prices are relatively volatile. This is because demand tends to follow 

economic developments and the relative inelastic nature of pulp supply magnifies price volatility in 

both weak and strong markets.
306

 For example, strong demand can induce large price increases 

before new supply is available and an extended period of oversupply may result in very soft market 

prices. The price drop in 1991 is mainly due to recession. 

 

 

7.2.3 Future trends in resource prices 

Model fit of past prices for estimating future prices 

Stationarity tests for the monthly series could not confirm stationarity for the entire 1979-2011 

period; the series show a trend break in 1991. As such, historical prices are not fit for future 

projections. 
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Future price projections 

The price projections carried by the GLOBIOM model for woodpulp are presented in the following 

graph: 

 

Figure 7.8 Price projections for wood pulp 

 
Source: GLOBIOM Output. 

 

This time the projections for the three scenarios can be a little differentiated. However, they are still 

quite close to one another for the same reasons as for the sawnwood. The World Bank does not 

propose any price forecast for wood pulp. 

 

 

7.2.4 Competitiveness analysis and behavioural impacts 

Production and consumption of woodpulp 

Production and consumption of woodpulp in Europe are both increasing regularly since several 

decades and are expected to continue this trend. The European Union would remain a net importer 

of wood pulp in the future. In Western Europe, the consumption is even increasing faster than the 

production. 

 

On the global scale, the production of woodpulp has remained relatively steady in the last 15 years, 

with a soft increase from 1997 to 2007 and a sensible decrease from 2007 to 2009. Since 2009, the 

production has increased again. The following table presents the extent of the European production 

of wood pulp relative to the global production: 

 

Table 7.4 Global and EU production of wood pulp 

Wood pulp 2002 2003 2004 2005 2006 2007 2008 2009 
% price 

change 

Global production 

(million t) 
167.43 170.22 174.80 174.00 175.85 180.94 177.47 160.64 -4.1% 

EU production (in 

million t) 
37.38 38.67 40.03 39.00 41.48 41.34 39.35 34.65 -7.3% 

% of world 

production 
22.33 22.72 22.90 22.42 23.59 22.85 22.17 21.57 

-0.8% 

point 

Source: FAOSTAT. 

 

According to FAOSTAT, the share of the European (EU27) production of wood pulp in global 

production (that is important by the way) has remained quite constant from 2002 to 2009. 
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Trade flows 

The two following pie charts present respectively the top 5 exporters and the top 5 importers for 

wood pulp and their relative importance in world trade. These shares were calculated considering 

trade flows in values for 2009, which is why some divergences can be observed between these 

graphs and the export and import data presented in the key fact section that are expressed in 

quantities and given for 2008. 

 

Figure 7.9 Top exporters and importers of wood pulp by trade value in 2009 

 
Source: FAOSTAT. 

 

Like for the sawnwood, some European countries are involved in wood pulp trade. Sweden is once 

again an important exporter and some others are important importers. This tends to show that intra-

EU trade flows must be significant. 

 

The next graph shows the evolution of trade (intra + extra) involving EU27 countries. It seems that 

both imports and exports have increased regularly since 1968 with the maintaining of a negative 

trade balance, that seems to have increased over time. That graph tends also to show that a jump 

in trade flows volumes happened between 1967 and 1968. This might be due to the implementation 

of trade agreement concerning wood pulp within Europe for example. 

 

Figure 7.10 EU27 wood pulp trade flows 

 
Source: FAOSTAT. 
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As for sawnwood, GLOBIOM predicts a decrease in the wood pulp trade balance, which is 

illustrated on the following graph: 

 

Figure 7.11 Woodpulp trade balance 

 
Source: GLOBIOM Output. 

 

The balance which is positive in 2000 (on the contrary to FAOSTAT) but is expected to decrease 

steadily until 2050. In the case of stagnating agricultural yields, the trade balance deterioration 

would be even more important. 

 

Completeness of the price message 

The limits to the completeness of the price message are very similar as the ones for sawnwood. 

 

Externalities 

In deforestation cases, production prices do not reflect the negative effects triggered by 

deforestation on the other human activities. Indeed, deforestation is a major responsible of GHG 

emissions and subsequently of the global warming for example. Forests removal can also provoke 

landslides that can cause terrible human and economic damages. These considerations are not 

reflected in the price of wood. 

 

Market structure 

The limited number of companies in the downstream sectors, in particular paper industries, might 

give them a market power. 

 

Failure to recognize scarcity issue 

Exploitation of unmanaged forests: the analysis of market mechanisms and price formation for 

wood products is a little more complicated than for crop commodities. Indeed, wood production can 

be made from managed forests or from the deforestation of natural forests. In the first case, the 

production can be compared to crop production and wood is a renewable resource. In the second 

case, wood production is comparable to the extraction of a non-renewable resource. In the case of 

deforestation, production costs often consist only of extraction and transformation costs, the 

scarcity of the resource is not taken into account (or possibly a at low price). Deforestation is often 

due to the absence of public regulation or private property rights or to the fact that they are not 

enforced. 

 

Environmental concerns about global warming mitigation, ecosystems conservation or the need for 

recreational services have pushed for the adoption of forests protection policies (at least in some 

regions). As a result, wood exploitation has been strongly limited or even forbidden in certain areas. 
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To make this resource inaccessible might have an effect on wood prices. In order to overcome 

these limits in price completeness, some seals of approval (such as the FSC, Forest Stewardship 

Council
307

 for example) have been implemented to identify wood products that come from 

sustainably managed forests.  

 

 

7.3 Synthesis on timber 

To analyse past and future timber prices and their impacts on EU competitiveness, we chose 

sawnwood and woodpulp as two key resources. Indeed, sawnwood is a category that gathers all 

the wood products used for construction purpose by the building industry and wood pulp is used to 

make paper and is often obtained from the co-products of the sawnwood production. These two 

categories represent most of the existing wood products and are complementary in terms of outlets. 

 

 

7.3.1 Price index of sawnwood and woodpulp 

Based on our historical time series, we constructed price indices for both timber resources, taking 

year 2000 as a base index (2000=100). The following figure shows the results. 

 

Figure 7.12 Price indices for individual wood products indexed to year 2000 (2000=100) 

 
Source: WB pinksheet data, Ecorys own calculations. 

 

Observations: 

Based on the visual interpretation of the graph, the correlation between the timber prices seems 

weak, mainly due to diverging price development of wood pulp pre-1991. Since 1991, sawn wood 

and wood pulp seem to move together but the price of wood pulp is considerably more increasing 

while the price of sawn wood remained relatively stable. What can be observed is: 

 Relative price stability of sawn wood 1971-2011: with historical prices remaining in a range 

of 50-100. Yet even a range of 50-100 represents significant variation over time; 

 High volatility pre-1991 in wood pulp prices, and continuous increases since then. 

 

Co-integration tests 

When performing a co-integration test on these time series, historic real prices of the two timber 

resources investigated in this study (Sawnwood and woodpulp) exhibit quite different price trends to 
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each other and are not co-integrated. This is expected as woodpulp is more volatile over time, and 

sawnwood much more stable.  

 

The following graph gathers the projections for both sawnwood and wood pulp price projections: 

 

Figure 7.13 Timber price projections 

 
Source: FAOSTAT. 

 

As we can see, the two projections are both following the same increasing trend. However, the 

increase for sawnwood is much more important. Such a difference is not necessarily surprising as 

we have explained in the previous paragraph that the outlets for the two types of products were not 

the same (respectively the construction industry for sawnwood and the paper industry for wood 

pulp). Consecutively, a difference in the price evolution can be caused by the fact that the demands 

for the two commodities are not necessarily following the same trajectory. 

 

 

7.3.2 Wood prices data for Europe 

There are several data sources that can provide historical data concerning wood prices and wood 

price indicators for Europe, which include: 

 The FAO Forestry Trade Flows data contains export and import quantities and values (from 

which prices can be deduced) for a comprehensive list of countries and wood commodities; 

 The UNECE (United Nations Economic Commission for Europe) gives export and import values 

and quantities for an aggregated “forest products” item and for many European countries; 

 The World Bank Pink Sheet presents an extended time series (from 1960 to 2011) of wood 

commodities price indicators. These indicators consist of the prices of logs and sawnwood in 

Cameroon and Malaysia as well as the prices of plywood and woodpulp. Moreover, the World 

Bank also proposes price projections for commodities including wood commodities; 

 Some private firms, such as RISI sells information on wood prices. This data is not free access 

except for some samples. For example, the samples from RISI give prices per region and per 

tree species. 

 

 

7.3.3 Aggregated price index for wood 

Concerning more particularly wood prices for European countries, the FAO data and the UNECE 

data (among freely accessible data bases) seem quite adapted as they provide data per country. 

The advantage of the UNECE data is to provide directly a global indicator for all forest products. 

However, FAO data set can be used in studies dealing more precisely with specific types of 
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commodities. The data from these two sets can be aggregated from the country level to the 

European level, the aggregation can be weighted by the values of productions. 

 

As an example, the following graph gives the evolution of price for the forest products trade price as 

given by the UNECE. As it was explained in the previous section, trade price indices from UNECE 

data are derived from the value of imports/exports divided by the imported/exported quantities given 

in Round Wood Equivalent (RWE). These indices are then expressed with a base 100 in 1992. The 

results of such calculations are presented in the next graph: (as the indices are expressed in base 

100, the two series should not be compared in level). 

 

Figure 7.14 Aggregated forest product trade price indices for EU27 according to UNECE 

 
Source: UNECE. 

 

Besides the two moderate peaks in price that have occurred in 1995 and in 2000, prices have 

remained relatively stable. However, price indices reflect the average situation, markets might have 

been a bit more tense for some individual commodities.  

 

We have also aggregated timber indices according to our methodology explained in Annex E. The 

selected timber resources are dominated by Sawnwood, which accounts for over 96% of the 

aggregated index. The table 7.4 shows import values and weights for timber according to these 

criteria: 

 

Table 7.5 EU27 import values (million USD) and the calculated weights for timber in the aggregate index 

Time Sawnwood Woodpulp 

HS code(s) 4407 4701 

2008 4 715 138 

2009 2 959 105 

2010 3 351 113 

average 2008-2010 3 675 119 

Weight 0.9686 0.0314 

Source: UN Comtrade, Ecorys own calculations. 

 

As sawnwood dominates the timber index (weight=97%) the aggregate price trend is also relatively 

stable. This is the only price index to be lower than its 2000 value, 2000 representing a price peak. 
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Figure 7.15 Aggregated timber price index, 2000=100 

 
Source: Ecorys own calculations based on WB data.  

Note: Trend line for dotted line, as while only partial, sawnwood prices are present in all periods and weight=97% of total. Dotted 

line is only partial price series - Woodpulp prices (weight=3%) not included 1971-1979. 

 

According to FAOSTAT trade data, Sawnwood and Wood pulp represent about 26% of world trade 

for forest products (based on imports value 2009). Comparing the weights with the weights in the 

literature, sawn wood represents 77.9% of timber category and logs 22.1%. Timber falls in the 

category of agricultural raw materials and represents around 52% of this category (WB commodity 

price index, 2012).  
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8 Biomass (food) 

8.1 Wheat 

8.1.1 Key facts 

Key facts Wheat 

Description  Wild wheat, Triticum spp., originated in Asia’s Fertile Crescents. It belongs to the Poaceae 

family. It is the third most produced cereal on the world scale after Maize and Rice. Wheat 

is used for human food production. In total the FAO lists 122 wheat-producing countries for 

a harvested area of 222 million hectares (FAOSTAT, 2008). 

Price definition The price definition used for this analysis is taken from the Chicago Board of Trade: cents 

per bushels (1 bushel ≈ 36.3687 litres) for a contract size of 5,000 bushels (~ 136 Metric 

Tons). 

Trade scheme Globally traded. 

Trade flows Global trade volume in 2008: 131 Mt. The main importers in 2008 were: Egypt (8.3 Mt), 

Algeria (6.9), Brazil (6), Japan (5.8) and Italy (5.4). The main exporters were: the US (30 

Mt), France (16.3), Canada (15.6), Russian Federation (11.7) and Argentina (8.8). 

(FAOSTAT). 

Global volumes Global production in 2008: 683.0 million Mt, EU: 150 (FAOSTAT). The main producers 

were in 2008: China (112.5 Mt), India (78.6), the US (68), Russian Federation (63.8) and 

France (39). 

2010 production 

global value 

112.9 billion Euros (FAO production*World Bank price (nominal) for Wheat US SRW). 

2010 EU value 23.68 billion Euros. 

EU Self-

sufficiency ratio 

2010 

270% 

Key sectors Wheat is mainly used as human food and also as livestock feed. 

Environmental 

impact 

GHG emissions (burning of crop residues, land use change), soil erosion and degradation, 

water and soil pollution, destruction of natural habitat (land use change).  

Data source used Bloomberg (with some missing data, which had to be estimated to get a sound result). 

Data coverage 1960 -2012 monthly prices. 

Additional data 

sources 

e.g. FAO. 

Unit USD/ bushels (1 imperial bushel = 8 imperial gallons ≈ 36.3687 litres), Conversion to Euro: 

use of historical exchange rate. 

Deflator MUV, 2011=100 (constant prices at year 2011 level) using yearly deflators as an average 

for all month. 

Outlook Markets are well supplied for 2012-2013 (World Food Situation, FAO). 

Trend value Long term trend is of decrease in real prices of 0.6% per annum during 1971-2011.  

 

 

8.1.2 Past trends in resource prices and volatility 

Evolution of real prices 

In 1973 prices of wheat almost doubled compared to the previous year as a reaction to the oil 

shock and commodity boom. Wheat prices were particularly impacted by the shock because of low 

price elasticity, which was due to the importance of wheat for human food at the time. In 1977 
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prices return to be similar to the prices before the price peak. The next major peak was experienced 

in 1985 during the commodity boom, which was followed by the financial crisis. From 1990 to 2007, 

prices remain relatively stable. The third peak was a reaction of the food price crisis, fostering a 

prices increase in late 2007. However, since the 2008 peak, prices seem to decrease.  

 

Figure 8.1 Price of wheat in 2011 constant EUR per bushels, 1971-2012 

 
Source: Data from Bloomberg. 

 

Relation to inflation – the correlation coefficient between current prices of wheat and inflation 

(MUV index) is rather low at 0.48. Moreover, regressing inflation (+ constant) on current prices of 

wheat returns an R
2
 of 0.26.

308
 From both these results it can be concluded that changes in current 

wheat prices do not really follow changes in inflation. 

 

Key drivers of prices 

The following list of key drivers of prices is specific in particular for wheat but they are true for every 

global food commodity presented in this report. These drivers are: 

 

In the long term: 

 The rise in demand due to the development and the change in diet in emerging countries. 

Indeed the global increase in food demand and the diversification in people’s diet due to the 

enrichment of emerging countries might provoke an increase in wheat demand which is for the 

moment mostly consumed in developed countries; 

 Investment in the agricultural sector: the impact on prices of an increasing demand might be 

offset (at least partially) by an increase in wheat production capacities (i.e. by investments). This 

type of mechanisms was illustrated by the recent food crisis after which important investments 

have been done in the agricultural sector consecutively the rise in prices; 

 Environmental change and degradation: climate change and more globally all environmental 

changes (such as land degradation, …) that affect land resources and agro-climatic features are 

able to impact long-term production capacities of the agricultural sector. Wheat is particularly 

sensitive to high temperature and to drought, its geographical distribution is restricted to 

temperate areas, a change in climate might affect noticeably this distribution; 
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 Change in agricultural and trade policies: in the European case, it has been shown that 

Common Agricultural Policy reforms (in particular the abandonment of direct price support) had 

an impact on food commodity prices and in particular on cereals prices; 

 Biofuel mandates: wheat can be used to produce bioethanol, however wheat is not the crop that 

is the most commonly used for this purpose. 

 

In the short term: 

 Climatic accidents: wheat is sensitive to drought and heat waves. Climate accidents in Australia 

or in South America are regularly responsible for dramatic variations in wheat global supply; 

 Pests or diseases accidents: as any other crop, wheat is sensitive to some pests and diseases; 

 Status of stocks: as for any other global crop, stocks management strongly affects prices in the 

short term; 

 Biofuel mandates: biofuel mandates increase price inelasticity in the short run (cf. Maize); 

 Speculation: an important speculation can have short term effects on crop prices. 

 

Analysis of volatility 

The following table presents a few statistics concerning the different trends that can be observed for 

past prices and their volatility: 

 

Table 8.1 Periodic changes in wheat prices, EUR / tonne, 2011 constant prices 

Years 
% Total change in 

prices 

Average annual % 

change (compounded) 

Volatility (coefficient of 

variation) 

1971-1980 -17.5% -2.1% 0.35 

1981-1990 -46.9% -6.8% 0.30 

1991-2000 20.0% 2.1% 0.14 

2001-2011 22.0% 2.0% 0.23 

Total 1971-2011 -21.0% -0.6% 0.40 

1990-2011 63.5% 2.4% 0.23 

 

It seems that there are two trends that can be differentiated on the graph, a decreasing trend from 

1971 to the early 90s and then a stagnating trend until 2011. The results from the table above (table 

8.1) confirm this. The periods 1971-1980 and 1981-1990 are the most volatile (0.35, and 0.3 

respectively), followed by a relatively stable period during the 1990s (volatility only 0.14). Since 

early 2000s, the volatility has been increasing slightly. This is very similar to other food commodities 

investigated in this report.  

 

 

8.1.3 Future trends in resource prices 

Model fit of past prices for estimating future prices 

Stationarity tests for the monthly series confirm stationarity for the entire 1971-2011 period (97% 

confidence), according to the Dickey-Fuller t-statistic of the unit root test with intercept and without 

trend. This implies that there would be no trend break and the whole period could be used for future 

projections. The model with log converted variables and where the current value depends on two 

lags has the best fit in terms of R
2
, Durbin-Watson and t-statistics.  

 

log(Wh) = constant + coeff1 * log(Wh(-1)) + coeff2 * log(Wh(-2)) 

 

The following figure presents the result and the estimated equation and the statistics. All 

coefficients are significant with 99% confidence.  
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Figure 8.2 Fitted model for wheat prices based on historical data 

 
Source: Ecorys own calculations based on Bloomberg data. 

 

Based on this lag model, the expected wheat price in 2020 would be EUR 459/bu, hence a 3.6% 

decrease compared to 2011 price level. 

 

Future price projections  

The GLOBIOM model, presented in the Annex D was used to make economic projections, price 

projections for food commodities, at the 2050 horizon according to the baseline scenario presented 

in the Annex D as well. The following graph presents the results obtained for wheat: 

 

Figure 8.3 What price projections according to GLOBIOM 

 
Source: GLOBIOM Output. 

 

This graph provides world prices, regional prices might differ from them according to transportation 

costs or tariffs for example. Prices in GLOBIOM are expressed in 2000 USD but have been put to a 

base 100 in the graphs presented in this report. Except for the ‘no yields increases’ scenario, the 

price of what is expected to slightly decrease between 2010 and 2020, consistent with the price 

projections according to the lag model mentioned above. 

 

The projections are made according to a main baseline scenario for population and GDP growth 

that is presented in the Annex D. Besides, this “macro-baseline”, some other assumptions can be 

made, for example on the yields growth baseline. Indeed, yields determination in GLOBIOM is 

partly endogenous through land allocation mechanisms between the different crops and systems of 
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production (cf. Annex D) but also partly exogenous. Indeed, an exogenous increase of yields is 

possible to take into account technological improvements as well as agricultural intensification in 

general (intensification of the use of production inputs and factors other than land).  

 

The three sets of projection results presented in this report correspond to three different scenarios 

on the exogenous yields growth: 

 No exogenous yields increases; 

 Yields increases are based on the historical trends given by FAOSTAT yields data; 

 Yields increases are based on the IMPACT model projections: the IMPACT model is a top-down 

partial equilibrium model (like GLOBIOM) which determines yields on the regional level. Yields 

projections obtained from IMPACT are used as exogenous yields increases in GLOBIOM.  

 

Gains in land productivity and in particular those due to technological improvements are difficult to 

predict, thus several scenarios on yields evolution can show us different scenarios that are likely to 

happen. In the case of wheat prices (and as it is shown on the previous graph), prices are expected 

to increase until 2030 and then to stagnate in the “No yields increases” scenarios. In the scenarios 

with yields growth, prices are globally expected to decrease slowly until 2050. This hierarchy of the 

scenarios was predictable as non-increasing yields are constraining supply increases which in turn 

leads to higher prices.  

 

However, we note that these projections do not take into account long-term shifts such as climate 

change impacts, change in agricultural policies or trade policies for example. Moreover, these 

projections consist of trends, and as such they do not reflect short-term variations due to short-term 

weather variations or accidents (drought, flooding…) for example.  

 

Existing forecasts 

In the end, prediction uncertainties are important and it is better to cross source to get a reliable 

idea of future price trends. For example, the World Bank proposes price forecasts for a few 

important commodities including main crop commodities. The following graph (figure 8.4) and table 

8.1 shows price forecast for global wheat prices. 

 

Figure 8.4 World Bank wheat price forecast 

 
Source: World Bank Commodity Prospects. 
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Table 8.2 World Bank forecast of wheat prices  

Wheat, US, HRW forecast USD/tonne 

2012 2013 2014 2015 2016 2017 2018 2019 2020 2025 Change 

2012-25 

290 270 265 260 259 259 258 258 257 255 -15 

% change -6,9% -1,9% -1,9% -0,4% 0,0% -0,4% 0,0% -0,4% -0,8% -12,1% 

Source: World Bank Commodity Price Forecast update (January 2012), % Ecorys own calculations. 

 

The % price change between 2011 and 2020 according to WB data is a 18.7% decrease, which is 

much higher than according to our projections. Before drawing any conclusion from the comparison 

of the GLOBIOM projections to the World Bank projections, we may precise that GLOBIOM prices 

are expressed in real USD (2000) and World Bank projections in nominal USD. This creates a bias 

between the two data series that is increasing over time. 

 

We can see that GLOBIOM outputs and World Bank data differ significantly. The GLOBIOM 

projections do not reflect the steep increase in price between 2000 and 2010 that is shown by 

World Bank observed data. This increase was particularly sensible at the time of the food crisis 

event starting in 2007. GLOBIOM, as many other economic models is designed to represent the 

economy on the long-term through its fundamental mechanisms (supply, demand, …) but is not 

specifically designed to model temporary economic cycles such as crises. Another reason to the 

differences is that GLOBIOM prices are expressed in real
309

 terms whereas World Bank prices are 

expressed in nominal
2
 terms. A third intuitive reason could be a difference in the macro-scenarios 

(Population, GDP) used for the projections. 

 

 

8.1.4 Competitiveness analysis and behavioural impacts 

Production and consumption of wheat 

The analysis of the production and trade trends of the last 10 years have shown that the world 

production of wheat has increased reasonably with differences across regions however. While 

production has remained quite constant in the US and in Europe, it has increased very significantly 

in South America but also in Asia and Africa. Production designates the total quantities of a given 

commodity that are produced (in Europe or in the world) during the reference year. Food supply 

designates the quantity of a given crop that is supplied on food markets (i.e. destined to human 

alimentation, which excludes feed supply for livestock or supply to make biofuels for example). As 

supply equals demand on markets, then food supply equals food consumption (human 

consumption). The quantities of food commodity exchanged on markets are converted back in 

primary equivalents. 

 

Trade flows show that imports have increased in Africa and South-America and exports have 

increased in Europe and in the US. This tends to show that the consumption of wheat is increasing 

in developing countries and decreasing in developed countries. Note that the increase in wheat 

supply is constrained by the fact that the geographical area suitable for wheat production is more or 

less limited to temperate areas. 

 

The following table presents with further details the situation of the European Union as a producer 

and consumer of wheat: 
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  Real prices are constant prices from which the effect of inflation has been removed. Nominal prices are current prices, the 

ones that are actually observed on markets. Nominal prices can increase following the inflation even if real prices remain 

steady. 
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Table 8.3 Global and EU production and supply of wheat 

Wheat 2002 2003 2004 2005 2006 2007 2008 2009 

% 

change 

2002-

2009 

Global production 

(million t) 
574.75 560.13 632.70 626.87 602.89 612.61 683.22 686.96 19.5% 

EU production (in 

million t) 
133.63 111.67 149.40 135.43 126.74 120.26 150.34 138.26 3.5% 

% of world 

production 
23.3% 19.9% 23.6% 21.6% 21.0% 19.6% 22.0% 20.1% -3.1% 

Global food 

supply (million t) 
423.88 425.71 425.27 425.85 433.37 433.62 428.37 439.42 3.7% 

EU food supply 

(million t) 
50.91 50.59 50.64 51.31 51.29 50.49 51.50 51.23 0.6% 

% of global food 

supply 
12.0% 11.9% 11.9% 12.0% 11.8% 11.6% 12.0% 11.7% -0.4% 

Source: FAOSTAT. 

 

The quantities of wheat produced and consumed have been relatively constant between 2002 and 

2009 and so were its respective shares in the global production and consumption. 

 

Trade flows 

The two following pie charts present respectively the top 5 wheat exporters and the top 5 wheat 

importers and their relative importance in world trade. These shares were calculated considering 

trade flows in values for 2009, which is why some divergences can be observed between these 

graphs and the export and import data presented in the key facts section that are expressed in 

quantities and given for 2008. 

 

Figure 8.5 Top wheat exporters and importers 

 
Source: FAOSTAT. 

 

France and Italy appear respectively among the top exporters and the top importers of wheat, 

which means that (some) European countries are important actors on the international market. 

However, the major share of the trade flows involving European countries might be intra-EU as the 

opposite situations of France and Italy that are neighbours might suppose. We may also notice that 

exports are carried out only by a few countries whereas imports are more scattered. 
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The graph below shows the sum of all wheat trade flows (in quantities) realized by all countries of 

the EU27, which include both extra and intra EU trade flows. The graph shows that trade volumes 

have constantly increased between 1961 and 2009 and that total export has outstripped total import 

in the late seventies, which means that the (extra-)EU trade balance has become positive at this 

time. 

 

Figure 8.6 Evolution of EU trade in wheat (in quantities) 

 
Source: FAOSTAT. 

 

As a supplement of information on European trade flows, the next graph presents the volumes of 

extra EU(27) trade flows between 1986 and 2008. The curves are quite similar to the ones 

observed on the previous graph and confirm that the EU trade balance is positive at least since 

1986 (except in 2002). But the graph brings additional information. At first, the volumes of wheat 

extra-EU trade do not seem to have increased since 1986 which tends to show that the increasing 

trend observed on the previous graph is due to a rise in intra EU trade flows. The second 

information is that intra EU trade represents more than half of all the flows. 

 

Figure 8.7 Evolution of extra EU trade in wheat in quantities 

 
Source: FAOSTAT. 

NB: This data is given for the EU27 and before 2007 for the countries that are currently part of the EU27. (FAOSTAT provides 

this data only after 1986). 
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The GLOBIOM model can be used to predict the evolution of the trade balance. Forecasts for 

wheat are presented on the following graph: 

 

Figure 8.8 Forecast on EU27 trade balance of wheat 

 
Source: GLOBIOM Output. 

 

According to GLOBIOM results, the European trade balance for wheat should remain positive in the 

future and might even strengthen, which seems to be consistent with the last observations provided 

by FAOSTAT. It also seems that the trade balance would increase even more in the “No yields 

increases” scenario. This could be explained by the fact that yields increase faster in developing 

countries, which are filling the gap with technologically more advanced developed countries which 

are close to the technological frontier. As a consequence, “freezing” yields would be at the 

advantage of developed countries which trade balances might improve. 

 

Note that the trade balance in GLOBIOM is given in quantity of output and not in values. As a 

consequence, there could be some discrepancies with the balance calculated in value if there are 

differences in quality (and then in prices) between exports and imports (that is not the case in 

GLOBIOM, the quality of a given crop is considered homogeneous). 

 

Completeness of the price message 

In theory and under a given set of assumptions concerning perfect competition, the price fixation 

enables the adjustment between supply and demand and the resulting price signal is supposed to 

lead to an optimal allocation of production resources (land, capital, labour, intermediate 

consumptions). However, for several reasons that prevent these hypotheses from being respected, 

market mechanisms do not lead to an optimal allocation of resources. Among these reasons are 

presented below. 

 

Externalities 

Agricultural activities might have negative externalities (and possibly positive) externalities. 

Externalities consist of impacts generated by some consumption and production activities on other 

economic agents (i.e. not involved in these activities), through emissions of pollutants (nitrate…) or 

greenhouse gases for example. In the case of GHG emissions for instance, agricultural activities 

emit CO2, CH4 and N2O that are partly responsible for global warming who is affecting many 

human activities. These emissions do not lead to a compensatory payment from the farmers and as 

a consequence they do not affect production costs and commodities prices. This means that prices 

do not reflect these externalities. Wheat like most other crops is responsible for externalities, mainly 

through GHG emissions and water pollution. 
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Market structure 

For some food commodities, there is no global market, as they are locally traded, for economically 

rational reasons such as low transportability or for other reasons such as protectionism for 

example. In the latter case, the optimal allocation of resources on the global scale is hampered and 

the different prices do not reflect the real scarcity of the resource on the global scale. However, in 

the case of wheat, significant trade flows occur on the global scale, so the geographical 

segmentation of the market is limited. However, some tariffs and non-tariffs barriers to trade remain 

on food commodities that bias the international competition. The European Union applies tariffs to 

extra-EU trade flows of food commodities. 

 

The fragmentation of agricultural production between many farmers ensures a sufficient competition 

in the agricultural sector in many places of the world and for many crops, which is not necessarily 

the case for the downstream sectors. Indeed, the small number of operators in the food processing 

and distribution services sectors might lead to imperfect competition and as a consequence to non-

optimal prices. 

 

Moreover, an efficient inter-temporal allocation of resources is possible only if prices and qualities 

of products are known to all economic agents for present and future times. The existence of 

speculation on commodities markets shows that it is not the case. This uncertainty (i.e. imperfect 

information) may lead to a distortion in prices and to non-optimal production (and even 

consumption) decisions (i.e. a non-optimal allocation of resources). 

 

Failure to recognize scarcity issues 

Non-sustainability of production systems: some activities of production in the agricultural sector are 

not sustainable. For example, they can trigger land degradation of even deforestation. This can be 

due to an overexploitation for example. In this case, the production price is lower than it should be 

but the future capacities of production are affected. In this case, the inter-temporal allocation of 

resources might not be optimal. In some areas, wheat crops are irrigated, which raises some issues 

about water depletion. 

 

Role of taxes, subsidies and agricultural policies 

The free competition is affected by agricultural policies: for example, in the EU, before the early 

90s, there existed intervention prices on crop commodities that were generally higher than world 

prices. Intervention prices were not reflecting the relative scarcity of a commodity but were instead 

defined politically on some food security, industrial, political and social grounds. Wheat producers 

have long benefited from high intervention prices until the CAP reform in the early 1990s. Beyond 

this example, agricultural policies in a broad sense include tariffs on food commodities as well as 

non-tariff barriers to trade which have already been mentioned in the previous paragraph, direct 

and indirect subsidies to the agricultural sector, bioenergy policies. All these measures have an 

impact on regional and global prices and affect the allocation of resources. However, these 

measures can be justified for other reasons such as food security for example. The Common 

Agricultural Policy is the framework under which are gathered all measures made to support the 

European agricultural sector. 
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8.2 Maize 

8.2.1 Key facts 

Key facts Maize 

Description  Maize, Zea mayz, is an annual crop well adapted to warm weather. Maize is deep-

rooted but requires abundant moisture. It belongs to the family of Poaceae and was 

domesticated by indigenous people in Mesoamerica in prehistoric times. Maize is 

currently a major crop for animal feeding, as well as for human alimentation and starch 

production. The FAO lists 158 countries that produce maize and divides it into two 

categories, Maize (item code 56) used for animal feed and starch production and Maize 

Green (item code 446) used for human alimentation. The US, China, Brazil, Mexico, 

Argentina, India, Indonesia and France represented in 2008 more than 75% of the 

global production (source: FAOSTAT). 

Price definition The most important organized market for maize trade (and for cereals trade in general) 

is located at the Chicago Board of Trade (CBOT). The price used for this analysis is 

based on a definition from the CBOT: it is given in cents per bushel (1 bushel ≈ 36.3687 

litres) for a contract size of 5,000 bushels (~ 127 Metric Tons). 

Trade Scheme Globally traded. 

Trade flows Global trade in 2008: 103 Mt (FAOSTAT). In 2008, the main exporters were the US (54 

Mt), Argentina (15.4), Brazil (6.4), France (6.1), India (3.5), Hungary (3.4) and Ukraine 

(2.8). The main importers were Japan (16.5 Mt), Mexico (9.1), South Korea (9), Spain 

(5.4), China (4.2), Egypt (3.4), the Netherlands (3.6) and Colombia (3.3). (FAOSTAT). 

Global volumes 830 Mt (FAOSTAT, 2008). The US, China, Brazil, Mexico, Argentina, India, Indonesia 

and France represented in 2008 more than 75% of the global production (source: 

FAOSTAT). 

2010 production 

global value 

119.8 billion Euros (FAO production data* World Bank (nominal) price). 

2010 EU value 8.21 billion Euros. 

EU Self-sufficiency 

ratio 2010 

1432% 

Key sectors Maize is mainly used for livestock feeding, human food, biofuel production, starch 

production, and some industrial uses like filler for plastic, packing materials, adhesives, 

chemicals, explosives, etc. 

Environmental 

impact 

Deforestation and land conversion from pastureland (Greenhouse gases emissions, 

habitat conversion, soil erosion and degradation), chemical pollution of soil and water 

due to agrochemical inputs and water use. 

Data source used Bloomberg (with some missing data, which had to be estimated to get a sound result). 

Data coverage 1960 -2012 monthly prices. 

Additional data 

sources 

e.g. FAO. 

Unit USD/ bushel (1 imperial bushel = 8 imperial gallons ≈ 36.3687 litres), conversion to 

Euro: use of historical exchange rate. 

Deflator MUV, 2011=100 (constant prices at year 2011 level) using yearly deflators as an 

average for all month. 

Outlook The market for maize is tight for Maize on the period 20011-2013 (World Food Situation, 

FAO). 

Trend value Long term trend is of decrease in real prices of 0.3% per annum during 1971-2011.  
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8.2.2 Past trends in resource prices and volatility 

Evolution of real prices 

Since the early 1960s, oil and food prices are closely correlated and most of the fluctuations on 

food prices are related (at least partially) to oil price fluctuations. This trend began with the 

mechanization of agriculture after World War II and the Green Revolution of the 1960 and ‘70s: 

 Maize prices stayed relatively stable within the 1960s, with a slightly decreasing trend. The 

stability of prices can be due to the strong regulation of the sector carried out at that time, 

including pricing policies; 

 1973 – The period of the oil crisis led to an increase in maize prices, which almost doubled in 

one year; 

 1977 – Prices returned to their pre-crisis level; 

 1985 to 1987- Prices dropped and reached the lowest level within this time series, this drop is 

due to the overinvestment in the 70s and to a decrease in demand from oil exporter countries 

(oil prices dropped as well). After that, the price remained to this low level until the 2007-2008 

crisis; 

 2007 – Prices rose sharply due to a global food crisis. This crisis was due to structural reasons 

(rise of demand in emerging countries, underinvestment in the agricultural sector, land 

degradation) and to temporary reasons (drought in Australia, low levels of stocks, rise in oil 

prices, rigidity of biofuel mandates, financial speculation). 

 

Figure 8.9 Price of corn in 2011 constant EUR per bushels, 1971-2011 

 
Source: Bloomberg. 

 

With respect to price trends, the late 1980s drop in prices seems to be a trend-break, it corresponds 

to a price adjustment to lower levels and to a change in trend evolution, from decreasing to 

stagnating prices. In addition to this, the 2007-2008 crisis might be another trend break. 

 

Relation to inflation – the correlation coefficient between current prices of maize and inflation 

(MUV index) is rather low at 0.45. Moreover, regressing inflation (+ constant) on current prices of 

maize returns an R
2
 of 0.22.

310
 From both these results it can be concluded that changes in current 

maize prices do not really follow changes in inflation. 
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  Using equation: Log(inflation) = constant + beta * Log(current maize prices). 
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Key drivers of prices 

Price drivers are comparable to the ones for wheat with a few important differences though: 

 

In the long term: 

 Environmental change and degradation: maize is a C4 plant and is subsequently well adapted 

to warm climate. Climate change would surely trigger a shift in the geographical distribution of 

maize production but the increase in temperature should not be dramatic. However, maize 

production requires water especially in hot area. Water could subsequently be limiting 

considering climate change; 

 Biofuel mandates: maize is one of the major crops (along with sugar cane) used to produce 

bioethanol that is mixed with conventional fossil fuels. In particular, the US government has 

defined a biofuel mandate that makes a high proportion of maize production use in bioethanol 

production.  

 

In the short term: 

 Biofuel mandates: besides long term effects, biofuel mandates have also noticeable effects on 

the short run. Indeed, biofuel mandates (in particular the American one) consist of fixed 

volumes of bioethanol that should be incorporated every year in conventional fuels. This 

mandate is completely price inelastic and as a consequence, price elasticity on the remaining 

“maize-for-food” market is dramatically increased. Biofuel mandates were pointed out as one of 

the cause of the recent food crisis. 

 

Analysis of volatility 

The following table shows the trend evolution of maize price and the calculated volatility for 

decennia: 

 

Table 8.4 Periodic changes in maize prices, EUR / tonne, 2011 constant prices 

Years 
% Total change in 

prices 

Average annual % 

change (compounded) 

Volatility (coefficient of 

variation) 

1971-1980 -32.4% -4.3% 0.28 

1981-1990 -44.4% -6.3% 0.40 

1991-2000 22.3% 2.3% 0.17 

2001-2011 54.6% 4.4% 0.22 

Total 1971-2011 -11.0% -0.3% 0.41 

1990-2011 96.2% 3.3% 0.25 

 

As for the wheat, it seems that there are two trends that can be differentiated on the graph of 

prices, a decreasing trend from 1973 to the late 1980s and a stagnating trend afterwards, except at 

the end of the time series where prices rise anew. As in the case of wheat, the least volatile period 

has been 1991-2000.  

 

 

8.2.3 Future trends in resource prices 

Model fit of past prices for estimating future prices 

Stationarity tests for the monthly series confirms stationarity for the entire 1971-2011 period (95% 

confidence), according to the Dickey-Fuller t-statistic of the unit root test with intercept and without 

trend. This implies that there would be no significant trend break in the series and the whole period 

could be used for future projections. The model with log converted variables and where the current 

value depends on two lags has the best fit in terms of R
2
, Durbin-Watson and t-statistics.  
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log(Ma) = constant + coeff1 * log(Ma(-1)) + coeff2 * log(Ma(-2)) 

 

The following figure presents the result and the estimated equation and the statistics. All 

coefficients are significant with 99% confidence.  

 

Figure 8.10 Model fit of monthly prices of maize in 2011 constant EUR per bushel, 1970-2011 

 
Source: Ecorys calculations. 

 

Based on this lag model, the expected wheat price in 2020 would be 2011 constant EUR 343/bu, 

hence a 27% decrease compared to 2011 price level. 

 

Future price projections 

As for wheat, GLOBIOM makes projections for maize, price projections are presented in the next 

figure: 

 

Figure 8.11 GLOBIOM price projections for maize, 2000-2050 

 
Source: GLOBIOM Output. 

 

In the case of increasing yields, it seems that prices should be stagnating and even slightly 

decreasing. In the case of “frozen yields”, prices should increase until 2030 before settling at a 

higher level. In all the scenarios, there seems to be a downward inflexion as of 2030. 
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Existing forecasts 

And the following table and graph shows World Bank projections: 

 

Table 8.5 World Bank forecasts for maize prices 

Maize forecast current USD/tonne 

2012 2013 2014 2015 2016 2017 2018 2019 2020 2025 Change 

2012-25 

260 230 220 210 209 209 208 208 207 205 -55 

% change -11.5% -4.3% -4.5% -0.5% 0.0% -0.5% 0.0% -0.5% -1.0% -21.2% 

Source: World Bank Commodity Price Forecast update (January 2012), % Ecorys own calculations. 

 

The World Bank price estimate for 2020 is much lower than estimate according to the lag model, 

however, the price change between 2020-2011 is very similar to our estimate, i.e. 29% according to 

the World Bank compared to our estimate of 27%. The figure below shows the World Bank 

forecasts indexed to year 2000 (2000=100) to compare it to our GLOBIOM estimates. 

 

Figure 8.12 World Bank maize price projections, 2000=100 

 
Source: World Bank price forecast. 

 

The explanations for the divergence between the different projections (different GLOBIOM 

scenarios and World Bank) are similar to the ones for wheat, please refer to the section 8.1.3. 

 

Considering this, the OECD-FAO agricultural outlook for 2008-2017 explains that agricultural prices 

are likely to stay at higher levels than pre-crisis ones because of some long term drivers. For 2017, 

some stochastic projections made for the report indicates an average possible maize price of 150 

USD/t (nominal). 

 

 

8.2.4 Competitiveness analysis and behavioural impacts 

Production and consumption of maize 

The demand for maize has been traditionally driven by human food and animal feed needs, which 

is still the case. However, more recently, the demand for maize for bioenergy purpose has exploded 

leading to some tensions on global markets.  

 

The production of maize has increased significantly on the global scale during the last 10 years, as 

well as in each world region. However, the increase has been higher in developing countries, 

especially in Asia. Nevertheless, it did not prevent Asian imports to rise significantly, probably due 

to the need for animal feed as well as the diversification of human food. African imports have also 
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shown important increases during the last years. On the contrary, developed countries as well as 

South-American countries have seen their positions of exporters reinforced due to important 

increases in production. The problem of water scarcity in some producing regions (e.g. the 

American Midwest) might limit future increases in maize production. 

 

The following table presents with further details the situation of the European Union as a producer 

and consumer of maize. 

 

Table 8.6 Global and EU production and consumption of maize 

Maize 2002 2003 2004 2005 2006 2007 2008 2009 

% 

change 

2002-

2009 

Global production 

(million t) 
604.86 645.17 727.47 713.70 706.83 789.40 827.49 819.70 35.5% 

EU production 

(million t) 
60.21 52.76 72.00 63.24 55.97 48.87 62.91 57.82 -4.0% 

% of world 

production 
10.0% 8.2% 9.9% 8.9% 7.9% 6.2% 7.6% 7.1% -2.9% 

Global food 

supply (million t) 
97.67 102.78 102.64 105.19 105.48 108.93 112.09 113.98 16.7% 

EU food supply 

(million t) 
3.57 3.44 3.73 3.70 3.84 3.86 3.56 4.04 13.1% 

% of global food 

supply 
3.7% 3.4% 3.6% 3.5% 3.6% 3.5% 3.2% 3.5% -0.1% 

Source: FAOSTAT. 

 

It seems that the European share in global maize production has slightly diminished due to the 

increasing trend of the global production and the stagnating trend of the European production. 

 

Trade flows 

The two following pie charts present respectively the top 5 maize exporters and the top 5 maize 

importers and their relative importance in world trade. These shares were calculated considering 

trade flows in values for 2009, which is why some divergences can be observed between these 

graphs and the export and import data presented in the key fact section that are expressed in 

quantities and given for 2008. 

 

Figure 8.13 Top five exporters and importers in terms of 2009 values of maize 

 
Source: FAOSTAT. 
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Maize exports are dominated by the United States, even if France is also an important exporter. 

However, French exports might be destined to other European countries (intra-EU trade). 

 

The graph below shows the evolution of the sum of trade flows involving European countries. It 

shows that maize exports have increased on a very regular way since 1961 and that the European 

trade balance was quite in deficit from 1961 to the mid-eighties. The deficit got worse from 1961 to 

early eighties before reducing substantially due to an important decrease of imports. This decrease 

can be due to inter alia to an inflexion in the demand for feed. Indeed, in 1984 production quotas 

were implemented under the framework of the Common Agricultural Policy, in particular on dairy 

productions. This could have a downward effect on demand for feed. After the mid-eighties, the 

trade balance remained most of the time negative but with a small deficit. 

 

Figure 8.14 Evolution of EU trade for maize (in quantities) 

 
Source: FAOSTAT. 

 

Similar to wheat, the following graph presents extra-EU trade and it shows that since 1986, the 

increase in the extent of European countries maize trade is due to the rise in intra EU trade. 

However, the share of intra-EU trade in total trade flows is much higher than for wheat. 

 

Figure 8.15 Extra EU trade in maize (in quantities) 

 
Source: FAOSTAT. 
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GLOBIOM forecasts for maize are presented on the following graph (for EU27): 

 

Figure 8.16 GLOBIOM forecasts of trade balance for maize 

 
Source: GLOBIOM Output. 

 

Here, the different GLOBIOM scenarios do not lead to the same results, this time it is the “IMPACT 

yields” scenario that shows a stagnation of the trade balance at a negative level, which is diverging 

from the two others that show a constant improvement of the trade balance.  

 

Completeness of the price message 

The limits to the completeness of the price message for crops have been presented in general in 

the wheat section. In turn, this section presents some characteristics for maize production.  

 

Externalities 

Important quantities of maize are currently used to produce biofuels, especially in the US. One of 

the justifications to biofuel production was the supposed mitigation effect due to the substitution of 

fossil fuels by biofuels, which would consist in a positive externality. However, this effect is quite 

criticized within the scientific community and it seems that environmental outputs of biofuels could 

be low or even negative. 

 

Market structure 

There are different types of maize commodities that are produced and which are not traded in the 

same way. For example, the maize used for silage and destined for animal feeding is produced and 

consumed locally most of the time. However, the maize that is grown for grains can be (and is) 

internationally traded. In the first case, the price message reflects the conditions on local markets, 

in the latter case prices reflect more the global situation. Some sectors of the maize processing 

industries are in a situation of oligopsony, which is the case for example for starch production for 

example. 

 

Failure to recognize scarcity issues 

Maize production is closely related to some water scarcity and depletion issues. Indeed, maize is a 

C4 plant that is well-adapted to warm climate and that is quite productivity under such climate. In 

many places where maize is grown, precipitations do not provide enough water to maize crops, 

which then require irrigation water. The important need for irrigation water in some maize producing 

regions, such as the American Midwest for example, raises some problems of water scarcity. 

 

 



 

 

279 Mapping resource prices: the past and the future 

 

Role of taxes, subsidies and agricultural policies 

Biofuel policies have substantial effects on the aggregated demand for maize and as a 

consequence on the production too. These policies are in general imposing a certain ratio or 

volume of biofuels that must be incorporated in conventional fossil fuels. Moreover, the maize 

production is also impacted by more conventional agricultural and trade policies. 

 

 

8.3 Potato 

8.3.1 Key facts 

Key facts Potato 

Description  Potato is a starchy, tuberous crop from the perennial Solanum tuberosum of the 

Solanaceae family that produces a tuber rich in starch. These tubers are commonly 

called potato. Potatoes were first introduced outside the Andes region four centuries 

ago and have then been introduced all over the world to become the fourth-largest food 

crop in the world.  

Price definition The unit for the price used in this analysis is the Indian rupee (INR) per quintal (1 quintal 

= 100 kilos).  

Trade Scheme Nationally or locally traded. 

Trade flows Global trade volume in 2008: 9.9 Mt (FAOSTAT). In 2008, the main importers were: 

Belgium (1.3 Mt), the Netherlands (1.2), Spain (0.76), Italy (0.58) and Russian 

Federation (0.54). The main exporters were: France (1.9 Mt), the Netherlands (1.5), 

Germany (1.4), Belgium (0.7) and Canada (0.6). (FAOSTAT). 

Global volumes Global production in 2008: 328 Mt, EU: 62 (FAOSTAT). The main producers were in 

2008: China (70.8 Mt), India (34.7), Russian Federation (28.8), Ukraine (19.5) and the 

US (18.8). 

2010 production 

global value 

78.58 billion Euros (FAO production data*GLOBIOM price). 

2010 EU value 13.78 billion Euros. 

EU Self-sufficiency 

ratio 2010 

170% 

Key sectors Potato is used mainly for human food, but also for animal feeding or to brew alcoholic 

beverages for example.  

Environmental 

impact 

Soil degradation (Potato cultivation usually involves intensive soil tillage throughout the 

cropping period, which often leads to soil degradation), soil and water pollution. 

Data source used Bloomberg (with some missing data, which had to be estimated to get a sound result). 

Data coverage 2006 -2012 monthly prices. 

Additional data 

sources 

e.g. FAO, International Year of the Potato 2008. 

Unit INR (Indian Rupee)/ quintal (1 quintal ≙ 100 kilos). Conversion to Euro: use of historical 

exchange rate. 

Deflator MUV Index, 2011=100 (constant prices at year 2011 level) using yearly deflators as an 

average for all month. 

Outlook As predicted by GLOBIOM, potato prices should decrease slowly and constantly until 

the horizon 2050. 

Trend value Long term trend is of decrease in real prices of 6.6% per annum during 2006-2011.  
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8.3.2 Past trends in resource prices and volatility 

Evolution of real prices 

Potato prices are fixed on the regional level and are not directly impacted by global events or 

crises. However, there are indirect substitution effects with some commodities that are actually 

affected by global fluctuations. In particular, the 2009 peak was partly due to a substitution with 

other staple crops which prices had surged in 2007-2008. 

 

Figure 8.17 Price of potato in 2011 constant EUR per 100lb, 2006-2012 

  
Source: Bloomberg. 

 

We have only a short time series which prevents us to perform any sufficiently robust analysis of 

potato prices. Based on the data we have, there seems to be a slightly decreasing trend for potato 

prices. So far, the trend estimations are highly uncertain and need further consideration. 

 

Key drivers of prices 

As it is explained in section 8.3.1, the potato cannot be considered as a global crop. Indeed, due to 

its relatively high perishability, potato is generally traded locally. As a consequence, there is no real 

global potato market and then no global potato price. Instead, there exist multiple markets which 

are more or less disconnected from one another. The particular key drivers for potato prices are:  

 

In the long term: 

 Rise in demand in developing countries: so far, potato has been produced and consumed 

mostly in the Western world (including South America) but potato is now expanding in 

developing countries, especially in Asia. This expansion is even encouraged by some 

governments in order to diversify people’s diet; 

 Development of potato production in developing countries: the rise of potato consumption in 

developing countries is coming along with a rise in its production in the same countries.  

 

In the short term: 

 Pests and diseases accidents: potato is particularly sensitive to some parasites such as the 

famous potato blight, which as cause the great Irish famine in the 19
th

 century. 

 

Analysis of volatility 

The following table presents a quantification of the price evolution on the period 2006-2012 and 

calculated volatility. The time period is too short to make any conclusions. 
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Table 8.7 Periodic changes in potato prices, EUR / tonne, 2005 constant prices 

Years 
% Total change  

in prices 

Average annual % 

change (compounded) 

Volatility (coefficient of 

variation) 

2006-2011 -33 -6.6 0.28 

 

 

8.3.3 Future trends in resource prices 

The time series is too short to provide forecast on potato prices based on past data. Potato price 

projections are also not provided by the World Bank commodity forecasts, probably because potato 

cannot be considered as a global crop. However, the GLOBIOM model defines a global price for 

potato, presented in the following graph: 

 

Figure 8.18 GLOBIOM price forecast of potato prices, 2000-2050 

 
Source: GLOBIOM Output. 

 

Once again, the price projection for the “No yields increases” scenario shows higher than the two 

other scenarios. Considering that the latter two show decreasing prices and the first features 

stagnating price, it tends to show that potato prices would follow a downward trend. 

 

 

8.3.4 Competitiveness analysis and behavioural impacts 

Production and consumption of potato 

As for wheat, the consumption of potato is increasing and should keep on increasing in Asian 

emerging countries such as China in which potato was not traditionally consumed. As potato is not 

massively traded on a global scale, production capacities in Asia should increase in parallel to the 

increase in consumption. In developed countries, consumption and production have followed a 

slowly decreasing trend during the last ten years. On the global scale, the production of potato has 

stagnated during the last 10 years. 

 

The following table presents with further details the situation of the European Union as a producer 

and consumer of potato: 
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Table 8.8 Global and EU production and consumption of potato 

Potato 2002 2003 2004 2005 2006 2007 2008 2009 

% 

change 

2002-

2009 

Global production 

(million t) 
316.44 314.32 336.25 325.10 305.75 322.59 327.51 331.90 4.9% 

EU production 

(million t) 
72.06 63.56 71.11 62.47 56.99 63.75 61.58 62.53 -13.2% 

% of world 

production 
22.8% 20.2% 21.1% 19.2% 18.6% 19.8% 18.8% 18.8% -3.9% 

Global food 

supply (million t) 
202.76 205.49 217.68 218.12 202.90 209.25 217.26 217.25 7.2% 

EU food supply 

(million t) 
39.45 38.83 39.40 38.22 37.15 36.90 37.11 36.79 -6.8% 

% of global food 

supply 
19.5% 18.9% 18.1% 17.5% 18.3% 17.6% 17.1% 16.9% -2.5% 

Source: FAOSTAT. 

 

If one compares the situations in 2002 and 2009, it seems that European shares both in production 

and consumptions have slightly decreased. However, it seems that both production and 

consumption (both for Europe and on the global scale) are varying up and down in this time period 

so it is quite irrelevant to derive a trend from it. Besides, the European shares in potato production 

and consumption are quite important. 

 

Trade flows  

The two following pie charts present respectively the top 5 potato exporters and the top 5 potato 

importers and their relative importance in world trade. These shares were calculated considering 

trade flows in values for 2009, which is why some divergences can be observed between these 

graphs and the export and import data presented in the key fact section that are expressed in 

quantities and given for 2008. 

 

Figure 8.19 Key exporters and importers of potato (in 2009 trade value) 

 
Source: FAOSTAT. 

 

The international market for potato is dominated by European countries, both on the export and 

import sides. However, even more than for wheat and maize, most of the trade flows involving 
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European countries may occur within the EU. This would be consistent with the fact that potato is 

not a globally traded crop. 

 

The graph below shows the evolution of the sum of trade flows (both extra and intra-EU) between 

1961 and 2009. It confirms that the EU trade balance has remained very close to 0 and slightly 

positive. It shows as well that potato trade has increased regularly and significantly (multiplied by 3 

or 4) during this period. 

 

Figure 8.20 Evolution of EU trade in potato (in quantities) 

 
Source: FAOSTAT. 

 

The graph below shows the evolution of extra EU trade of potatoes. It tends to show that the extent 

of extra EU trade has rather decreased since 1986, which means that intra-trade has been 

responsible for the increase of total trade presented on the previous graph. 

 

Figure 8.21 Evolution of extra EU trade in potato (in quantities) 

 
Source: FAOSTAT. 

 

The predictions of GLOBIOM for the potato trade balance (for EU27) are shown on the following 

graph: 
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Figure 8.22 GLOBIOM forecast of EU trade balance in potato (in quantities) 

 
Source: GLOBIOM Output. 

 

GLOBIOM projections tend to show that the trade balance for potato should be moderately higher 

in 2050 than in 2000. GLOBIOM Outputs show a low but clear trade surplus in favour of the EU27 

even in the reference year 2000, which is not the case with FAO data. Once again, the groups of 

countries considered in both graphs (respectively the geographical Europe for FAOSTAT and the 

countries of the current EU27 for GLOBIOM) are not the same, which can explain the differences in 

the results. 

 

Completeness of the price message 

For a general presentation of price message issues for crop commodities, please refer to the 

section about wheat. The present section presents in addition some particularities for potato. 

 

Market structure 

Potato is not a globally traded crop, prices are then representative of local or regional markets. This 

kind of crop is not submitted to financial speculation or to global economic cycles as directly as 

wheat or maize for example. 

 

 

8.4 Soybeans 

8.4.1 Key facts 

Key facts Soybeans 

Description  Soybean, Glycine max, is a legume and was first cultivated in China around 6000 years 

ago. It belongs to the Fabaceae family and produces a particularly high quantity of 

protein per unit of area. However, it is classified as an oilseed by the FAO. Soybeans is 

used to produce a large range of food products and at first vegetable oil but the by-

products such as soy cakes are also very important for animal feeding. The FAO lists 82 

countries that produce soybeans (item code 236). 

Price definition The price definition used for this analysis is taken from the Chicago Board of Trade 

(CBOT): cents per bushel (1 bushel ≈ 36.3687 litres) for a contract size of 5,000 bushels 

(~136 metric tons). 

Trade Scheme Globally traded. 

Trade flows Global trade volume in 2008: 79 Mt (FAOSTAT). The main importers in 2008 were: 

China (39.5 Mt), the Netherlands (4), Japan (3.7), Mexico (3.5) and Germany (3.5). The 

main exporters were: the US (34 Mt), Brazil (24.5), Argentina (12), Paraguay (3.7) and 
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Key facts Soybeans 

Canada (1.9). (FAOSTAT). 

Global volumes Global production in 2008: 231 Mt, EU: 0.7. Main producers are: the US (81 Mt), Brazil 

(59.8), Argentina (46.2), China (15.5) and India (9.9). (FAOSTAT). 

2010 production 

global value 

88.86 billion Euros (FAO production data*World Bank price). 

2010 EU value 0.36 billion Euros. 

EU Self-sufficiency 

ratio 2010 

755% 

Key sectors Soybeans are mainly used for human food, animal feed, production of biofuels, soy-

based lubricants and soy-based foams. 

Environmental 

impact 

GHG emissions (deforestation, land use change), water and soil pollution, soil erosion 

and extraction of limestone. 

Data source used Bloomberg. 

Data coverage 1960 -2012 monthly prices. 

Additional data 

sources 

FAO. 

Unit USD/ bushels (1 imperial bushel = 8 imperial gallons ≈ 36.3687 litres), Conversion to 

Euro: use of historical exchange rate. 

Deflator MUV Index, 2011=100 (constant prices at year 2011 level) using yearly deflators as an 

average for all month. 

Outlook In function of the different scenarios, GLOBIOM predicts either an increase in price 

followed by a relative stabilization or a slow decrease until 2050. 

Trend value Long term trend is of decrease in real prices of 0.7% per annum during 2006-2011.  

 

 

8.4.2 Past trends in resource prices and volatility 

Evolution of real prices 

Oil and food prices were closely correlated since the beginning of mechanization of the fields. 

During the period known as the commodity boom, prices almost doubled for soybeans compared to 

the previous year and reached the highest price ever in 1973. This is linked to the first oil shock. By 

1977 soybean prices returned to their pre-crisis level. In 1983 and 1984 rise and drop of the price 

occurred due to the financial bubble and crisis of that time, consistent with the prices of other 

commodities. From 1990 to 2007, prices remain quite steady. However, in 2007 soybean prices 

begin to increase again because of the financial crisis. 
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Figure 8.23 Price of soybeans in 2011 constant EUR per bushels, 1971-2012 

 
Source: Data from Bloomberg. 

 

As for wheat and maize, it seems that there are two identifiable trends on the graph, a decreasing 

trend from 1971 to the early 1990s and a stagnating trend thereafter.  

 

Relation to inflation – the correlation coefficient between current prices of soybeans and inflation 

(MUV index) is rather low at 0.46. Moreover, regressing inflation (+ constant) on current prices of 

soybeans returns an R
2
 of 0.23.

311
 From both these results it can be concluded that changes in 

current soybeans prices do not really follow changes in inflation. 

 

Key drivers of prices 

With soybeans, we are back to the world of global crops. Soybeans is used mainly for making 

vegetable oil and livestock feed (soybeans are an important source of proteins), which are actually 

two co-product of one another. In particular the trade of soy cake (use for animal feed) is important 

given the dependency of some regions (China, Europe) on soybeans imports for feeding the cattle.  

 

The specific drivers of Soybeans price are: 

 Change in diet in developing countries: the change in diet in developing countries towards more 

animal products consumption increase the need for soybeans destined to feed livestock. In 

particular, there is an on-going rise in Chinese soybeans imports that pulls price up; 

 Evolution in agricultural and trade policy: in the past, some protectionist agricultural policies, in 

Europe for example, were aimed to ensure regional self-sufficiency
312

 in soybeans. This kind of 

policies has obviously an impact on world prices. 

 

Analysis of volatility 

From 1990 to 2011 the prices show a constant trend and low volatility. The following table presents 

a few statistics concerning the different trends that can be observed for past prices and their 

volatility: 

 

                                                                                                                                                               
311

  Using equation: Log(inflation) = constant + beta * Log(current soybeans prices). 
312

  A region is self-sufficient for a given food commodity if the regional production is able to satisfy the demand for this 

commodity, which means that there is no need for importing it. 
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Table 8.9 Periodic changes in soybeans prices, EUR / tonne, 2011 constant prices  

Years 
% Total change in 

prices 

Average annual % 

change (compounded) 

Volatility (coefficient of 

variation) 

1971-1980 -32.5% -4.3% 0.32 

1981-1990 -40.2% -5.6% 0.31 

1991-2000 25.7% 2.6% 0.15 

2001-2011 36.9% 3.2% 0.19 

Total 1971-2011 -24.9% -0.7% 0.40 

1990-2011 62.0% 2.3% 0.20 

 

The volatility analysis shows that since 1981, soybeans prices have remained relatively stable with 

low price volatility (around 0.15-0.19). The period 1971-1990 is the most volatile (around 0.31), this 

period corresponds to the peaks in early 1970s, i.e. to the first oil shock. 

 

 

8.4.3 Future trends in resource prices 

Model fit of past prices for estimating future prices 

Stationarity tests for the monthly series confirms stationarity for the entire 1971-2011 period (99% 

confidence), according to the Dickey-Fuller t-statistic of the unit root test with intercept and without 

trend. This implies that there would be no significant trend break and the whole period could be 

used for future projections. The model with log converted variables and where the current value 

depends on two lags has the best fit in terms of R
2
, Durbin-Watson and t-statistics.  

 

Log(Sb) = constant + coeff1 * log(Sb(-1)) + coeff2 * log(Sb(-2)) 

 

The following figure presents the result and the estimated equation and the statistics. All 

coefficients are significant with 99% confidence.  

 

Figure 8.24 Model fit of monthly soybeans prices in 2011 constant EUR per bushel, 1971-2011 

 
Source: Ecorys own calculations. 

 

Based on this lag model, the expected soybeans price in 2020 would be 2011 constant EUR 

827/bu, hence a 5.5% decrease compared to 2011 price level. 
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Future price projections 

Price projections for soybeans carried out with GLOBIOM are presented on the following graph: 

 

Figure 8.25 GLOBIOM forecast of soybeans prices, 2000-2050 

 
Source: GLOBIOM Output. 

 

The differences between scenarios are similar to what was already observed for the other crops 

and for the same reasons. GLOBIOM projections tend to show a decreasing trend in soybeans 

price, similar to our projections based on the lag model. 

 

Existing forecasts 

The following graph presents the data observed (before 2012) and projected (after 2012) by the 

World Bank: 

 

Figure 8.26 World Bank forecast of soybeans prices 

 
Source: World Bank Commodity Forecasts. 

 

Table 8.10 World Bank forecasts of soybeans prices, 2012-2025 

Soybeans forecast current USD/tonne 

2012 2013 2014 2015 2016 2017 2018 2019 2020 2025 Change 

2012-25 

520 500 480 470 469 468 467 466 465 460 -60 

% change -3.8% -4.0% -2.1% -0.2% -0.2% -0.2% -0.2% -0.2% -1.1% -11.5% 

Source: World Bank Commodity Forecasts. 
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As for the other crops, the World Bank projections show an important increase from 2000 to 2011 

and stagnation afterwards. This trajectory is not reflected in the GLOBIOM projections, please refer 

to the explanations given for wheat in the Section 8.1.3. 

 

The World Bank price estimate for 2020 is much lower than estimate according to the lag model, 

however, the price change between 2011-2020 is much higher according to the WB (a decrease of 

14%) compared to our estimate, a decrease of 5.5%. 

 

 

8.4.4 Competitiveness analysis and behavioural impacts 

Production and consumption of soybeans 

Soybeans are mainly used to produce vegetable oil and animal feed that are actually co-products. 

The increase in animal commodities consumption and production in emerging countries tends to 

raise the demand for soybeans cakes. The FAOSTAT data shows for example that during the last 

10 years, the import of soybeans in China has massively increased whereas the production has 

increased only slightly. On the contrary, the production and the export have increased massively in 

both Southern (in particular in Brazil) and Northern America (in particular the US). This tends to 

show that the need for soybeans in Asia is mainly provided by an increase in production in America, 

which confirms the status of global crop for soybeans. In Europe, the trend seems to be an increase 

in production that is not sufficient to meet the increasing demand and to face the deterioration of the 

soybeans trade balance. 

 

The following table presents with further details the situation of the European Union as a producer 

and consumer of soybeans: 

 

Table 8.11 Global and EU production and consumption of soybeans 

Soybeans 2002 2003 2004 2005 2006 2007 2008 2009 

% 

change 

2002-

2009 

Global production 

(million t) 
181.68 190.65 205.51 214.48 221.92 219.68 231.22 222.99 22.7% 

EU production 

(million t) 
1.07 0.89 1.11 1.19 1.22 0.77 0.66 0.84 -20.9% 

% of world 

production 
0.6% 0.5% 0.5% 0.6% 0.5% 0.3% 0.3% 0.4% -0.2% 

Global food 

supply (million t) 
9.08 9.30 9.64 10.28 10.12 10.37 9.59 10.83 19.3% 

EU food supply 

(million t) 
0.08 0.07 0.09 0.10 0.08 0.09 0.09 0.11 38.6% 

% of global food 

supply 
0.9% 0.8% 0.9% 0.9% 0.8% 0.9% 0.9% 1.0% 0.1% 

Source: FAOSTAT. 

 

The importance of Europe in soybeans production is very limited and seems to be quite steady 

(except for short term variations) over time despite the seemingly increasing trend of the global 

production. The use of soybeans as human food is also very limited but should not hide the 

importance of soybeans for animal feed purposes. 
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Trade flows 

The two following pie charts present respectively the top 5 soybeans exporters and the top 5 

soybeans importers and their relative importance in world trade. These shares were calculated 

considering trade flows in values for 2009, which is why some divergences can be observed 

between these graphs and the export and import data presented in the key fact section that are 

expressed in quantities and given for 2008. 

 

Figure 8.27 Top five exporters and importers of soybeans in terms of 2009 trade value 

 
Source: FAOSTAT. 

 

These pie charts show that the US and Brazil represent most of the world exports and that China 

alone represents 55% of the imports. This tends to show that there are important trade flows for 

soybeans from America to Asia (and to Europe, to a lesser extent).  

 

The next graph illustrates the strong dependency of the EU to soybeans imports. The trade balance 

had deteriorated between 1961 and 1980 and seems to have more or less settled at a quite 

negative level since this time. 

 

Figure 8.28 Evolution of EU trade balance in soybeans (in quantities) 

 
Source: FAOSTAT. 

 

The extra EU trade flows represent the major share of all trade flows involving European countries 

which means that intra-EU trade of soybeans is limited. Moreover, the graph confirms the 

observation already made concerning the negativity of the trade balance. 
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Figure 8.29 Evolution of extra EU trade balance in soybeans (in quantities)  

 
Source: FAOSTAT. 

 

The GLOBIOM projections for EU27 tend to show that the soybeans trade balance tends to 

deteriorate even more in the future (i.e. at least after 2020), for all three scenarios. The results are 

presented on the following figure: 

 

Figure 8.30 GLOBIOM forecast of EU27 trade balance for soybeans 

 
Source: GLOBIOM Output. 

 

Completeness of the price message 

For a general presentation of price message issues for crop commodities, please refer to the 

section about wheat. The present section presents in addition some particularities for soybeans. 

 

Externalities 

The production of soybeans in Brazil is involved in some deforestation issues. Indeed, the increase 

in soybeans production for the export has increased (along with sugar cane production destined to 

biofuel production, livestock production…) the pressure on deforestation. Deforestation is a major 

responsible for GHG emissions on the global scale and triggers extensive losses in biodiversity, 

wildlife habitat, indigenous people’s livelihood. 
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Market structure 

The Unites States and Brazil represent 89% of total exports and China 77% of total imports. This 

small number of actors on the global market makes the international trade of soybeans particularly 

sensitive to the agricultural and trade policies of these countries.  

 

Role of taxes, subsidies and agricultural policies 

Some countries, such as Argentina, which is the third biggest exporter applies exportation taxes on 

food commodities. This has an impact on international markets prices. Moreover, the important 

dependency of the European Union to soybeans imports (that are mainly used to feed the cattle) 

makes some experts and professional organizations push for the inclusion in the Common 

Agricultural Policy of measures (e.g. subsidies) able to reduce this dependency. 

 

 

8.5 Rice 

8.5.1 Key facts 

Key facts Rice 

Description  Rice is the seed of the monocot plants Oryza sativa or Oryza glaberrima and belongs to 

the Poaceae family. It is a typical grass, forming a fibrous root system bearing erect 

culms and developing long flat leaves. Rice is widely cultivated all across the world but 

is particularly well-adapted to regions with high rainfall. In general, paddy fields are 

flooded with water, mainly in order to ease pest management. However rice can grow in 

non-flooded fields as well. The FAO lists 114 countries that produce rice and the 

production statistics consider only one category “Paddy Rice” (Item code 27). Rice is 

mainly destined to human food. 

Price definition The price used for this analysis is from the Chicago Board of Trade (CBOT): Cents per 

hundredweight (CWT) for a contract size of 2,000 CWT (~ 91 Metric Tons). 

Trade Scheme Global trade flows are very low relative to global production, most of the trade occurs on 

the national or the on the local level. 

Trade flows Global trade in 2008: 1.9 Mt (FAOSTAT). In 2008, main importers were: Mexico (0.72 

Mt), Nicaragua (0.14), Honduras (0.10), Costa Rica (0.10), Panama (0.097), 

Bangladesh (0.084) and Guatemala (0.076). The main exporters were: the US (1.8 Mt), 

Paraguay (0.029), France (0.023), China (0.022) and Brazil (0.018). (FAOSTAT). 

Global volumes Global production in 2008: 689 Mt, EU production: 2.6 Mt (FAOSTAT). Most important 

producers are: China (197 Mt), India (121), Indonesia (66), Bangladesh (49), Viet Nam 

(40), Myanmar (33), Thailand (32) and Philippines (16). (FAOSTAT 2008). 

2010 production 

global value 

224.07 billion Euros (FAO production data*World Bank Price for Thai Rice 25% broken 

ratio). 

2010 EU value 1.07 billion Euros. 

EU Self-sufficiency 

ratio 2010 

76% 

Key sectors Rice is mainly used for human food, however it can also be used for biofuel production, 

animal feed, preparation of paper and compost, detergents, cosmetic, mushroom bed, 

etc. 

Environmental 

impact 

Greenhouse gases emissions (methane from anaerobic degradation of residues), 

chemical pollution of soil and water, soil erosion. 

Data source used Bloomberg. 

Data coverage 1998 -2011 monthly prices. 

Additional data 

sources 

e.g. FAO. 
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Key facts Rice 

Unit USD/ hundredweight (CWT), CWT is defined as 100 lb (pounds), which is equal to 

45.34 kg. 

Deflator MUV deflator (from the IMF), 2011=100 (constant prices at year 2011 level) using yearly 

deflators as an average for all month. 

Outlook Rice markets also appear to be well supplied in 2012/13 given consecutive years of 

record production (World Food Situation, FAO). 

Trend value Long term trend is of increase in real prices of 2% per annum during 1990-2011.  

 

 

8.5.2 Past trends in resource prices and volatility 

Evolution of real prices 

Over the whole timespan from 1989 to 2012 rice prices show large variations. The most remarkable 

rises happened in 1967, 1973 (commodity boom and oil crisis), 1980 and 2008 (food price crisis). 

Global paddy production fell in 2002 to its lowest level since 1996, reflecting adverse weather 

conditions in several important producing countries and bringing the prices up in 2004. Prices have 

decreased during a few recent years because markets are well supplied due to production records. 

 

Figure 8.31 Price of rice in 2011 constant EUR per 100lb, 1989-2012 

 
Source: Data from Bloomberg. 

 

Based on the above figure, there seems to be a slightly increasing trend for rice prices. It seems 

that the rice price was decreasing before 2002, then increasing until 2006 and then decreasing 

again until 2011. However, the period covered by the data series is very short. Therefore it does not 

allow a sophisticated trend analysis. So far, the trend estimations are highly uncertain and need 

further consideration. 

 

Relation to inflation – the correlation coefficient between current prices of rice and inflation (MUV 

index) is rather low at 0.85. Moreover, regressing inflation (+ constant) on current prices of rice 

returns an R
2
 of 0.73.

313
 From both these results it can be concluded that changes in current rice 

prices considerably follow changes in inflation. 

 

                                                                                                                                                               
313

  Using equation: Log(inflation) = constant + beta * Log(current rice prices). 
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Key drivers of prices 

Rice is a major crop on the global scale and is at the basis of the diet for many people around the 

world. However, the international trade of rice represents only a very small share of the global 

production. Rice is not a global crop and many local, national and regional markets coexist. The 

specificities of price drivers for rice are: 

 

In the long term: 

 A high demand in developing countries: in Asia (especially China), the demand in rice is not 

increasing as fast as the demand for animal products; however rice consumption will certainly 

remain high. 

 

In the short term: 

 Climatic accidents: rice cultivation mostly occurs in wet regions but requires extensive quantities 

of water as paddy fields are often flooded in order to avoid pests and opportunist plants. As a 

consequence, a drought can have effects on rice cultivation; 

 In the regions where rice is a subsistence food, markets are very price inelastic as people do 

not have many substitution options.  

 

Analysis of volatility 

The following table presents a few statistics concerning the different trends that can be observed for 

past prices and calculated volatility:  

 

Table 8.12 Periodic changes in rice prices, EUR / tonne, 2011 constant prices  

Years % Total change in 

prices 

Average annual % 

change (compounded) 

Volatility (coefficient of 

variation) 

1989-2000 -1.6% -0.2% 0.23 

2001-2011 50.0% 4.1% 0.24 

Total 1990-2011 50.1% 2.0% 0.23 

 

As prices are quite variable, it is not easy to divide the series into different trend segments. 

However, the 2000s decade seems to follow an increasing trend whereas the period 1989-2000 

seems to be stagnating, if we let shorter term variations aside. The volatility is relatively low in the 

entire period. 

 

 

8.5.3 Future trends in resource prices 

Model fit of pasat prices for estimating future prices 

Stationarity tests for the monthly series confirms stationarity for the entire 1989-2012 period (99% 

confidence), according to the Dickey-Fuller t-statistic of the unit root test with intercept and without 

trend. This implies that there would be no trend break and the whole period could be used for future 

projections. The model with log converted variables and where the current value depends on two 

lags has the best fit in terms of R
2
, Durbin-Watson and t-statistics.  

 

log(Ri) = constant + coeff1 * log(Ri(-1)) + coeff2 * log(Ri(-2)) 

 

The following figure presents the result and the estimated equation and the statistics. All 

coefficients are significant with 99% confidence.  
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Figure 8.32 Model fit of monthly prices of rice in 2011 constant EUR per 100 lb, 1989-2011 

 
Source: Ecorys own calculations. 

 

Based on this lag model, the expected rice price in 2020 would be 2011 constant EUR 11 per 

100lb, hence no change compared to 2011 price level. 

 

Future price projections 

The GLOBIOM projections for rice prices are shown on the next figure: 

 

Figure 8.33 GLOBIOM forecast of rice prices 

 
Source: GLOBIOM Output. 

 

For rice, the “No yields increases” scenario shows an increase in price whereas the two other 

scenarios show stagnating and even slowly decreasing prices.  

 

Existing forecasts 

As for the other crops, World Bank observed data and projections (presented on the figure and 

table below) show an important increase of prices (on the basis of Thai rice 5% of broken ratio) 

between 2000 and 2011 and a relative stabilization thereafter. 
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Figure 8.34 World Bank forecast of rice prices, 2000-2050 

 
Source: World Bank Commodity Prospects. 

 

Table 8.13 World Bank forecast of rice prices 

Rice, Thai, 5% forecast current USD/tonne 

2012 2013 2014 2015 2016 2017 2018 2019 2020 2025 Change 

2012-25 

500 490 480 470 466 462 458 454 450 430 -70 

% change -2.0% -2.0% -2.1% -0.9% -0.9% -0.9% -0.9% -0.9% -4.4% -14.0% 

Source: World Bank Commodity Prospects. 

 

According to the WB forecast, rice prices should decrease by 17% between 2011 and 2020. This is 

contrast to our prediction based on lag model, which predicted no change. The comments we could 

make concerning the differences between GLOBIOM and World Bank projections are the same as 

for the other crops, please refer to the section 8.1.3 for further information. 

 

 

8.5.4 Competitiveness analysis and behavioural impacts 

Production and consumption of rice 

The global production of rice has increased significantly during the last 10 years. While the 

production has remained constant in some important producing countries such as China or Brazil, it 

has increased in Southeast Asia, in the US, in Europe and in Africa. Trade flows prove quite low 

compared to the production, validating the fact that rice is not really a globally traded crop. 

However, some regions have seen their status of exporters comforted, that is the case for 

Southeast Asia (in particular Thailand and Viet Nam) or the US. Imports flows towards Africa have 

also increased. European imports and exports have both increased significantly during the last 

decade. 

 

The following table presents with further details the situation of the European Union as a producer 

and consumer of rice: 
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Table 8.14 Global and EU production and consumption of rice 

Rice 2002 2003 2004 2005 2006 2007 2008 2009 

% 

change 

2002-

2009 

Global production 

(million t) 
571.39 587.07 607.99 634.39 641.24 657.15 689.04 684.78 19.8% 

EU production 

(million t) 
2.64 2.71 2.90 2.67 2.61 2.77 2.62 3.03 15.0% 

% of world 

production 
0.5% 0.5% 0.5% 0.4% 0.4% 0.4% 0.4% 0.4% 0.0% 

Global food supply 

(for Milled 

equivalent). in t 

326.07 328.07 333.96 339.40 343.13 345.37 353.61 354.60 8.8% 

EU food supply (for 

Milled equivalent). 

in t 

2.43 2.42 2.52 2.45 2.42 2.48 2.69 2.76 13.3% 

% of global food 

supply 
0.7% 0.7% 0.8% 0.7% 0.7% 0.7% 0.8% 0.8% 0.0% 

Source: FAOSTAT. 

 

It seems that the global rice production follows an increasing trend and that the European share in 

production is relatively stable, except for some annual variations. The situation seems similar for 

consumption schemes.  

 

Trade flows 

The two following pie charts present respectively the top 5 rice exporters and the top 5 rice 

importers and their relative importance in world trade. These shares were calculated considering 

trade flows in values for 2009, which is why some divergences can be observed between these 

graphs and the export and import data presented in the key fact section that are expressed in 

quantities and given for 2008. 

 

Figure 8.35 Key exporters and importers of rice by 2009 trade values 

 
Source: FAOSTAT. 

 

European countries seem to be little involved in the international trade of rice which exports are 

dominated by the US and imports by Central-America. 
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The next chart shows that the EU trade balance for rice has always been negative since 1976. Rice 

imports seem quite irregular on this period, much more than the exports. These irregularities in 

imports can be due to irregularities in the European production for example. As the quantities 

produced and imported in Europe are relatively low and production areas relatively limited, the 

variations in production might have visible effects on trade flows. 

 

Figure 8.36 Evolution of EU trade in rice (in quantities) 

 
Source: FAOSTAT. 

 

The following figure shows that the European Union does not export rice to extra-EU destination 

and confirms that the trade balance is negative. Imports from extra-EU countries seem also 

irregular. 

 

Figure 8.37 Evolution of extra-EU trade in rice, in quantities 

 
Source: FAOSTAT. 

 

GLOBIOM projections (presented on the figure below) of the European trade balance look quite 

consistent with the last observations of FAOSTAT. Moreover, GLOBIOM predicts a slow restoration 

of the trade deficit in two scenarios and even a steep increase of trade surplus after 2030 in the 

“IMPACT Yields” scenario, probably because relative yields increases show favourable to the EU27 

in this scenario.  
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Figure 8.38 GLOBIOM forecast of trade balance for rice 

 
Source: GLOBIOM Output. 

 

Completeness of the price message 

For a general presentation of price message issues for crop commodities, please refer to the 

section about wheat. The present section presents in addition some particularities for rice. 

 

Externalities 

Rice cultivation is an important responsible of GHG emissions. Indeed, rice is very often cultivated 

in flooded paddy fields, which involves an anaerobic decomposition of plant residues, a process 

emitting important quantities of methane (CH4). Moreover, this process can lead to water pollution. 

 

Market structure 

Rice is a locally/regionally traded commodity, prices are then locally specific and reflect the 

situation on local markets, not on the global market. Concerning this global market, the US 

represent 84% of total exports (in 2009), which make global prices very dependent on the American 

agricultural and trade policies. 

 

 

8.6 Synthesis on biomass 

The biomass resource category analysed five food commodities belonging to these families:  

 Cereals – wheat, maize, rice; 

 Oilseeds – soybeans; 

 Potato. 

 

 

8.6.1 Price indices of individual resource sub-categories 

Based on our historical time series, we constructed price indices for four of the five agricultural 

commodities (excluding potato due its short time series), taking year 2000 as a base index 

(2000=100). The following figure shows the results. 
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Figure 8.39 Price indices for individual food commodities indexed to year 2000 (2000=100) 

 
Source: Ecorys own calculations. 

 

Observations 

Based on the visual interpretation of the graph, the correlation between the food prices seems very 

strong, in both magnitude and timing, with the indices clearly showing joint peaks or lows or 

changes of similar size. During the entire period investigated, 1971-2011, these four food 

commodities move together, which is to be expected since they respond to similar key drivers of 

prices. We can observe: 

 Relative price stability 1987-2007: with all indices remaining in a range of around 25-125, food 

commodity prices show little variation over this period; 

 Peak around 1973: this has been due to the first oil crisis. As mentioned in the report, the price 

of food commodities is highly correlated with the price of oil since food production uses a lot of 

mechanisation; 

 Slight price increase since 2008: Since 2008, it seems the food prices started to slightly 

increase. This might be related to the increase of oil price in recent years. 

 

Co-integration tests 

When performing a co-integration test on these time series, the results of 10 tests indicate food 

prices are not co-integrated, hence they do not move in tandem. This is in contrast to visual 

analysis. 

 

 

8.6.2 Aggregate price index for metals 

To construct our food composite sub-index we aggregated all five food commodities using average 

EU27 import values for 2008-2010 from UN Comtrade database. Table 8.15 shows the 

classifications used for import values and the calculated weights for food commodities. 
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Table 8.15 EU27 import values (million USD) and the calculated weights for biomass in the aggregate 

index 

Time Wheat Maize Potato Soybean Rice 

HS code(s) 1001 1005 701 1201 1006 

2008 2 637 2 983 282 5 671 1 418 

2009 1 723 870 212 5 781 1 134 

2010 1 235 1 025 198 6 327 1 012 

average 2008-2010 1 865 1 626 231 5 927 1 188 

Weight 0.1660 0.1447 0.0205 0.5631 0.1096 

Weight excluding 

Potatoes 
0.1695 0.1477 - 0.5749 0.1092 

Source: UN Comtrade, Ecorys own calculations. 

 

The index for biomass – agricultural products is dominated by soybean, which provides more than 

56% of the index weight. Wheat, maize and rice each provide 10-17% of total index weight. 

Potatoes are only a minor component of the index, and are excluded from some calculations as the 

price series is too short. 

 

Based on FAOSTAT data, our 5 crops represent about 68% of global trade (based on import values 

2009) for cereals + oilseeds + potato, i.e. their respective families of commodities. The comparison 

relative to total food commodities trade is harder to carry out as FAOSTAT treats also processed 

food commodities that we would need to separate.  

 

Using these weights, the following figure shows the aggregated food price index. This shows a 

general trend of decreasing food prices over time in the long run, with a slight increase in the recent 

years. From around 1987, the prices have been relatively constant. This corresponds to similar 

observations of individual food sub-indices – peak around 1973 corresponding to the first oil crisis, 

stabilisation during 1990s to early 2000s, and a slight increase of food prices from around 

2007/2008. There is still uncertainty about whether recent price increases since 2000 are a 

temporary phenomenon or start of a new trend. The projections of individual food resources seem 

to suggest that there was a trend break around 2000 and that the new trend is of increasing prices. 

 

Figure 8.40 Aggregated food price index (2000=100) 

 
Source: Ecorys own calculations based on UN Comtrade data. 

Note: Dotted line is only partial price series - Rice prices (weight=11%) not included 1971-1987. Potato excluded as price series 

is only 2006-2011, cannot index to 2000. 
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Comparing our weights with the weights provided by the WB Commodity Price Index (Table 8.15), 

soybean is still the dominant commodity, maize has the highest share from the three cereal 

commodities (unlike in our calculation), followed by rice and wheat. Rice, wheat and maize cover 

96.3% of cereals group and 24.6% of oilseeds group. In total, they cover around 37.2% of food 

index, according to the World Bank weighting. 

 

Table 8.16 World Bank Commodity Price Index Weights 

Food commodity Share of sub-group indices Share of food index 

Cereals 100 28.2 

- Rice; 

- Wheat; 

- Maize; 

- Barley.  

30.2 

25.3 

40.8 

3.7 

8.5 

7.1 

11.5 

1.2 

Oilseeds  100 40.8 

- Soybeans; 

- Soybean meal; 

- Palm oil; 

- Other. 

24.6 

26.3 

30.2 

18.9 

10.1 

10.7 

12.3 

7.7 

Source: World Bank (2012). 

 

 

8.7 Forecast price index for biomass and timber  

With the data provided by GLOBIOM, a forecast price index can be provided for biomass and 

timber resources, up until 2050. An aggregation weighted either by production values or 

international trade flows values
314

 is possible for example. The averages, calculated for each time 

step, are weighted by production or European (EU27) imports values of the year 2000, the results 

are then put to a base 100 in 2000, The fact of weighting results with 2000 values (or one reference 

year’s values) enables the index to measure only price evolution with no effects from changes in 

production or import values. However, at the horizon 2050 production and trade schemes would 

have probably changed significantly so the index should not be over-interpreted. The results for the 

calculation of this index for the “No yields increases” scenario are presented on the two following 

figures: 

                                                                                                                                                               
314  The values of international trade flows correspond to the sum of all exports and to the sum of all imports observed on the 

global scale for a given commodity.  



 

 

303 Mapping resource prices: the past and the future 

 

 

 The first graph presents price indices for the world and for the EU27 weighted by production 

values (2000) for each crop and for sawnwood and pulpwood: 

 

Figure 8.41 Aggregated food and timber price indices for world and EU27 weighted by production value 

 
Source: GLOBIOM Output. 

 

 The second graph presents the price index for the world weighted by the EU27 imports values 

(both intra and extra EU) of crop commodities, sawnwood and pulp wood: 

 

Figure 8.42 Aggregated food and timber price indices for world and EU27 weighted by import value 

 
Source: GLOBIOM price projections, FAOSTAT trade data. 

NB: In order to weight world prices, it would be better to use global imports values. However, the use of European values 

enables the comparison of the two series of indices. 

 

Figure 8.43 presents a price index series calculated from the World Bank price projections 

(weighted by FAOSTAT Import data). World Bank prices are presented in nominal terms so this 

index is also to be considered in nominal terms whereas GLOBIOM considers real prices. 

Considering this precision, it seems that World Bank projections tend to predict decreasing real 

prices (if we suppose for example a 2% inflation rate for the USD, which seems to be a reasonable 

assumption) after 2011, which is quite different from the projections given by GLOBIOM. 
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Figure 8.43 World Bank forecast of food and timber price index 

 

Source: World Bank Commodity Price Forecast, FAOSTAT Import trade data. 

 

Such divergences may be explained by the difficulty to forecast productivity changes and to a 

lesser extent macroeconomic conditions. Indeed, productivity changes are enabled by technical 

and technological changes that can hardly be predicted. 
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9 Land  

Comparable information across space and time on land rents is scarce. At the same time, it is 

generally acknowledged that land rents contain huge amounts of information on the attractiveness 

of locations. This notion goes back to David Ricardo who already stated that corn is not high where 

rents are high, but that rents are high where corn is high. This simple statement reflects the idea 

that land rents reflect the productivity of land. 

 

Eurostat proposes a data set of land prices (and not land rents) from surveys based on national 

(mainly administrative) data gathering transaction prices. The table below presents land prices (in 

nominal euros/ha) for different European countries from 2000 to 2009 as well as an average over 

countries. Averages have been weighted by national production areas. 

 

 



 

 

 

Mapping resource prices: the past and the future 

 

306 

Table 9.1 Land prices for different European countries, 2000-2009 

Land prices  
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 

(Euros/ha) 

Belgium 21069 20372 16795 20273 23155 22053 27190 
   

Czech Rep. 1556 1403 1528 1522 1561 1621 1625 1867 2375 2250 

Denmark 10330 12211 12920 14669 15995 18787 22791 27112 31652 25919 

Germany 9081 9427 9465 9184 9233 8692 8909 
   

Ireland 12816 13897 13574 14397 16258 16230  
   

Spain 7292 7553 8026 8553 9024 9714 10402 11070 10974 10465 

Italy 13654 14266 
        

Latvia 
  

546 526 1001 2183 3786 3552 1940 1015 

Lithuania 294 321 468 390 406 536 734 831 1075 971 

Luxembourg 
   

15195 15837 14874 17047 16920 17853 20003 

Malta 
     

129819 130000 130000 130000 130000 

Netherlands 35713 37150 40150 34160 31432 30235 31276 34969 40916 47051 

Romania 351 308 278 237 284 879 
    

Slovakia 895 878 888 912 946 981 1017 1121 1211 1256 

Finland 3933 4039 4246 4700 5197 5377 5979 6250 7000 
 

Sweden 1989 1988 2019 2126 2455 3351 3706 3957 4181 3748 

UK 11620 11909 10955 10178 11128 12975 13382 16036 17773  

Average 8167 8484 6671 6683 7055 7562 7334 6484 6922 4144 

Source: Eurostat (2010). 
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Another approach to determine land rents and prices may consist in using “shadow prices” 

calculated in some quantitative economic models. These shadow prices corresponds to the values 

taken by the Lagrangian multipliers (as defined by William Rowan Hamilton) that are calculated 

when during the resolution of the model. The shadow prices reflect the relative scarcity of a given 

resource (land in this case) and as a consequence give an indication of the land prices that would 

be determined by an efficient land market. 

 

More precisely, quantitative models include some constraints equations including equations that 

limit the use of resources (e.g. land) to the maximum amount available. Each constrained resource 

is related to a Lagrangian multiplier (included in the objective function) that takes a certain value to 

enable the system to be solved. This value is equal to the quantitative variation of the objective 

function if the given constraint is increased by one unit. In GLOBIOM, the shadow price of land 

corresponds to the increase in producer and consumer surplus due the increase of 1ha of the 

quantity of land available for agriculture. This value is then a reflection of the marginal economic 

value of land, that is theoretically reflected as well in the land market price. 

 

The next table presents results for the shadow prices (in USD/ha/year) calculated with GLOBIOM 

for different regions and different time steps. Note that the scenario assumptions are different from 

the ones used for the previous GLOBIOM outputs previously presented in this report (for these 

scenarios, land shadow prices were not compiled in the output file). The scenario used here 

features exogenous increases in yields (cf. section 2.1.3 and appendix D) as the scenarios 

“Historical Trends” and “IMPACT Yields”. 

 

Table 9.2 GLOBIOM forecast of land prices, USD/ha/year, 2000-2050 

  2000 2010 2020 2030 2040 2050 

ANZ 163.3486 165.0891 167.9377 185.5807 197.6761 214.2271 

Brazil 71.02778 71.12083 71.69535 78.77508 83.22141 86.76425 

Canada 272.1248 272.1248 276.4207 278.7365 283.3354 286.2546 

China 112.083 112.1591 140.3252 196.139 202.1834 203.4262 

Congo Basin 53.91623 60.30125 66.48003 80.41024 88.59382 91.71014 

EU Baltic 192.4968 205.7329 212.8266 225.3266 249.5493 273.1244 

EU CentralEast 114.8106 114.8106 130.3687 137.9814 141.5467 151.5255 

EU MidWest 455.0824 499.3152 494.8214 489.2634 481.3639 480.9077 

EU North 457.1768 457.1768 457.294 457.4384 458.0462 458.0604 

EU South 456.7476 460.3474 484.8961 515.0986 535.9726 558.1626 

Former USSR 154.5492 163.8984 179.7847 200.0049 215.5389 228.6964 

India 101.4094 101.7401 135.9281 157.2006 173.8624 194.3022 

Japan 198.7337 208.3505 221.9201 242.3929 244.7477 248.2103 

Mexico 54.38863 62.12879 89.54804 124.6374 135.9189 141.5567 

Middle, East and Northern Africa 128.8809 138.7191 178.5605 217.5864 253.1446 280.1639 

Pacific Islands 169.0958 150.7609 135.6959 130.4534 132.0669 134.7057 

RCAM 55.05896 78.94618 97.39169 120.568 126.557 144.9855 

RCEU 141.0016 141.0184 141.5955 167.4018 162.0893 157.8779 

ROWE 483.466 484.0694 526.9014 510.0307 526.3752 466.5609 

RSAM 83.28209 83.71466 87.76511 92.69201 97.72286 100.1083 

RSAS 87.13834 94.31361 138.539 169.8084 202.2921 237.4977 
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  2000 2010 2020 2030 2040 2050 

RSEA_OPA 155.7885 160.9276 169.3203 178.4928 183.1469 190.0113 

RSEA_PAC 126.5026 130.9373 171.5466 196.852 196.2949 205.3974 

South Africa 93.28604 103.6201 143.7218 162.7305 174.9153 186.5683 

South Korea 161.3589 166.9813 205.9235 233.5513 243.892 253.6612 

Sub-Saharan Africa 114.4635 135.121 164.9414 199.2987 224.7758 241.7876 

Turkey 453.4521 454.5713 458.2987 472.8064 489.5895 497.4037 

USA 260.1412 260.1412 273.4061 299.3386 297.6136 304.3008 

Source: GLOBIOM Output.  

 

It seems that in all cases, land shadow prices are increasing, which makes sense knowing that 

shadow prices represents here the capacity of generating welfare and that yields are exogenously 

increasing. Yields increases are indeed increasing the production capacities in the agricultural 

sector and in the end the production, which in turns generates welfare. 

 

The second remark we can make from this table is that land prices are differing importantly from 

one place to another. The explanation is similar to the previous one, as yields are differing from one 

region to another, so is the capacity of one hectare of land to generate social welfare.  
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10 Water 

10.1 Resource sub-category water 

As compared to most of the resources included in this study, water resources present some specific 

characteristics which do not allow the application of a similar methodology to the analysis of prices 

over time. Water is in fact a fundamental, non-substitutable resource for human beings, as human 

health, well-being and nutrition (when used in agriculture or other production processes) rely on the 

availability of clean water. Looking more in detail at water supply and sanitation, water services 

have a strong “general interest”, as consumption benefits both the individual and the community as 

a whole. It is perhaps not surprising, therefore, that in 2002 the Committee on Economic, Social 

and Cultural Rights of the UN formally recognized the right to water as a human right (OECD, 

2010a). Finally, there is no functioning “global water market” which would have prices resulting from 

a certain level of confrontation between demand and supply.  

 

For this reason, the determination of water prices is generally not left to the market: it is the object 

of specific water pricing policies that combine the establishment of a) tariffs for given services (be it 

to supply water to end-users or to treat water) and b) abstraction charges/taxes that aim at 

capturing (although very imperfectly) the value/cost of the (water) resource itself. Water pricing 

policies, in fact, must address the trade-offs between the multiple objectives involved in water 

pricing policies (OECD, 2010a): 

 Ecological sustainability of water uses; 

 Economic efficiency, including the optimal allocation of water resources across users; 

 Financial sustainability, aimed at ensuring sustainable cost recovery of water services; 

 Social concerns: affordability of water bills for citizen as a whole and for lower-income groups. 

 

As a result, tariffs for water services are often the subject of public intervention and control, and 

widely subsidized. And abstraction charges/taxes in many European countries are set at levels that 

result in no economic efficiency and ecological sustainability achievement (with exemptions often 

applied to the most intensive water abstractors), their role being limited to raising financial 

revenues.  

 

In addition, water policies and, in turn, price-setting mechanisms vary considerably between 

countries but also within countries. In many places, different prices (be it tariffs for water services or 

abstraction charges/taxes) are set for different sectors (in particular domestic water supply, 

agriculture and industry). While this can be partly explained by the fundamentally local character of 

water resources and the wide spatial diversity of water availability across regions, it is also the 

result of different policy approaches towards water management chosen by the different countries 

and water managers. 

 

In other words, water price signals are inadequate to reflect the confrontation between supply and 

demand, as well as differences in water scarcity and the environmental costs (third party effect) of 

water use.  

 

The review and assessment of water prices is further complicated by the limited availability of data 

on current water prices in EU member states, including their evolution over time.  
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The resource analysis will therefore start from the assessment of freshwater abstraction over time 

in the EU27. It will then review drinking water tariffs, comparing tariff levels with the level of water 

stress in EU27 river basin districts. Finally, a preliminary analysis of key drivers of water prices will 

be presented focusing on selected case studies. 

 

 

10.1.1 Key facts 

Key facts  

Description   Water resources coming from different renewable and non-renewable sources, i.e. 

groundwater aquifers (confined or not confined) and surface water; 

 Requiring significant high cost infrastructure to protect, abstract, store and deliver 

water to end-users; 

 A bulky resource with low value/marginal value/opportunity cost per cubic meter; 

 Transfers of water limited by the natural and man-made water infrastructures, 

leading to constraints to (potential/actual) water markets that are usually of a “spot 

market” (localized and temporary) nature. 

Price definition What one defines as the “price of water” usually combines different components: a) the 

tariff for water services (drinking water sometimes aggregated with sewage/treatment); 

and b) the (environmental) abstraction charge/tax that is expected to capture part of the 

resource cost. There are few occasions (i.e. in Spain within and between irrigation 

districts and/or river basins, in Mediterranean countries between individual farmers) 

where prices are established as part of a “transaction agreement” (market transaction) 

between different water uses.  

Locally traded (or at 

river-basin level) 

The water tariff component is defined at the water service area scale (with significant 

differences in water price at short distances independent of the scarcity level in a given 

basin), while abstraction charges are usually defined at the MS, or more seldom river 

basin (France, Spain) levels. As mentioned above, prices derived from transaction 

between users (trading quotas or water use rights) are usually of a local nature, 

although some inter-basin transfers exist in Spain. 

Trade flows There is no “trade flow” between countries – because of its bulky character and heavy 

investments required for transferring water, trade is rather limited. Trading between 

countries is limited to a few (highly sensitive politically) instances/cases, e.g. when a) 

water transfer from the Rhône to the city of Barcelona was an option considered and b) 

the city of Barcelona imported water from France (via tankers that transported water 

from the city of Marseille) to respond to water scarcity (partly because of the explosion 

in water demand of the city and its neighbouring urban areas) and to delays in the 

launching of a new desalination plant.  

Global volumes Total water abstraction in Europe is around 350 km
3
/year, with approximately 10 % of 

Europe’s total freshwater resource being abstracted annually (EEA, 2008). There are 

however large differences between countries and river basins, both in terms of global 

water abstraction and in terms of water stress/scarcity: annual water stress (when the 

Water Exploitation Index which is equal to total water abstraction per year as 

percentage of long-term freshwater resources is above 20%) being reported for Italy, 

Malta, Spain, Bulgaria but also England & Wales, with Cyprus being severely water 

stressed (WEI around 50%). Hardly any of these volumes are traded.  

Key sectors Key sectors depending on water abstraction include energy (thermal & nuclear for 

cooling, hydropower), (irrigated) agriculture, households and industry (in particular in the 

paper and agro-food sectors). However, agriculture is the main net water consumer as 

some of the other sectors (e.g. energy) discharge a significant share of the water they 

abstract back to water sources.  
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Key facts  

Environmental 

impact 

Water abstraction can have severe environmental impacts: it can lead to over-

abstraction of aquifers, and reduced river flows impacting both (competing) uses and 

the aquatic ecosystem. Significant gaps between natural river flows (in terms of overall 

quantity and time distribution) can lead to severe and potentially irreversible ecological 

damages (e.g. kill-offs of fish species, damages to river fauna, etc.) included for 

wetlands connected to river ecosystems.  

Data source used Patchy data sources from different member states and local situations (e.g. where 

trading water has taken place in Spain), complemented by data on abstraction 

charges/taxes from the EEA/OECD database. Some information on the marginal 

value/cost of water might be found in (hydro-economic) modelling studies.  

Data coverage Trends in water prices are available for individual cities or water supply areas. But they 

are not recorded and stored in a systematic manner nor in a common central (“internet”) 

database.  

Additional data 

sources 

Additional data on water tariffs and taxes/charges can be found in the first River Basin 

Management Plans of the Water Framework Directive (section on the economic 

analysis/assessments undertaken in line with the requirements of Article 9 of the WFD). 

However, this information is incomplete, does not cover all river basins, and is not 

reported in a coherent manner (if reported at all).  

Unit Euros per cubic meter. 

Selection criteria Water remains a key resource to economic development. And its scarcity is increasing 

overall as a result of combined economic and urban development and climate change. 

Evidence shows that new resources are increasingly expensive (see for example the 

increasing use of desalination in coastal areas in Spain). But capturing the true value or 

price of the resource at European scale remains a clear methodological challenge.  

 

Water pricing policy in the EU 

As seen above, water prices in the EU are normally regulated by public policies rather than by the 

market. Therefore, before discussing water prices at the EU level, it is useful to give a quick 

overview of existing EU policies.  

 

European water pricing policies are an integral part of the Water Framework Directive (WFD – 

2000/60/EC) which introduced a single system of water management embracing all quality and 

quantity aspects, and defining hydrological river basins as the geographical unit of intervention. In 

particular, the provision of adequate incentives for an efficient water use through the application of 

adequate water pricing is addressed by Articles 9 and 11. Water pricing can be adapted in 

coherence with the requirements of the WFD, in particular when it proves to be a cost-effective 

measure for achieving its ecological objectives. Proposed changes in water pricing needs to be 

reported in the River Basin management Plans according to the provisions given by Article 11. 

More specifically, the fundamental principles upon which economic instruments for water 

management should build upon are listed in detail by Article 9: 

 Water prices must allow for the (adequate) cost recovery of water services, including 

environmental and resource costs; 

 Polluter-pays principle: the different water users (household, industry and agriculture) must 

adequately contribute to the recovery of costs of water services, proportionally to their role in 

causing these costs; 

 Water pricing policies must “provide adequate incentives for users to use water resources 

efficiently, and thereby contribute to the environmental objectives” of the WFD. 
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The Commission’s Communication on Water Scarcity and Drought (EC, 2007) reported that, in 

spite of the provisions included in the WFD, existing water pricing policies are generally ineffective 

in allocating water resource efficiently. They rarely reflect the level of sensitivity of water resources 

at local level, ultimately being inadequate in addressing water scarcity and drought situation across 

the EU. In light of this situation, the Communication establishes that, by 2010, MS should have set 

water tariffs in line with WFD requirements, thus allowing for (adequate) cost recovery, satisfying 

the polluter-pays principle and providing adequate incentives for an efficient use of water resources 

(EC, 2007). 

 

The assessment of whether MS actually implemented water pricing policies as required by the 

WFD and the 2007 communication will be part of the analysis of past, present and future price 

trends in the EU that is presented in the following paragraphs. 

 

 

10.1.2 Past trends in resource prices 

Evolution of water abstraction levels in the EU27 

Two different sources of data on water abstraction over time are available, namely: 

 OECD, 2010
315

: time series on (ground-) water abstraction
316

 for selected OECD countries over 

the period 1985-2009, with a data interval of 5 years. For some countries, however, complete 

time series are not available, and abstraction data are provided for a few years only; 

 EUROSTAT, 2012
317

: time series on surface water, groundwater and total water abstraction for 

the EU27 over the period 2000-2009, with a data interval of 1 year. For some countries, the time 

series are also not complete, as abstraction data for some years is missing. 

 

The differences in the two data time series make any merging or comparison of both data sources 

challenging or impossible, although both data sources present advantages and disadvantages. On 

the one hand, the OECD dataset provide a longer time span, but it refers to groundwater 

abstraction only with data interval of 5 years. The EUROSTAT dataset, on the other hand, refer to a 

shorter time period but is more complete (especially as more EU27 countries are included). 

Furthermore, it provides data on a yearly basis. In light of these constraints, data will be presented 

as follows: 

 The OECD time series are presented in a graph illustrating total groundwater abstraction in 

Europe over the selected periods. Due to the unavailability of data for some years in some 

countries, total water abstraction is not fully representative of the general trend for water 

abstractions. Thus, the graph of total abstraction is complemented with the trend in total 

abstraction for countries with complete time series (OECD 2012); 

 The EUROSTAT time series have received greater attention as they are more complete. They 

are presented with a series of graphs that focus on: 

- Total water abstraction (surface water and groundwater) over time. Similar to the OECD 

dataset, both total water abstraction for the EU27 and total abstraction for countries with 

complete time series are presented. In addition, countries with complete data series over the 

period 2000-2007 (as this allowed to include more countries) is presented (Figure 10.2); 

                                                                                                                                                               
315

  OECD, 2012. Environment: Key tables from OECD. http://www.oecd-ilibrary.org/environment/water-

abstractions_2075826x-table2.  
316

  The data sheet does not indicate whether data refer to surface or groundwater abstraction. OECD and EUROSTAT data 

do not match; however, the comparison of the magnitude of given abstracted quantities in OECD and EUROSTAT 

datasheets led to the conclusion that OECD data probably refer to groundwater abstraction. 
317

  EUROSTAT, 2012. Annual water abstraction by source and by sector. 

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=env_watq2&lang=en.  

http://www.oecd-ilibrary.org/environment/water-abstractions_2075826x-table2
http://www.oecd-ilibrary.org/environment/water-abstractions_2075826x-table2
http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=env_watq2&lang=en
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- Total water abstraction over the selected time period by country, including only those 

countries with complete time series over the period 2000-2007, as this choice allows to 

provide the most complete information for the highest number of EU countries (Figure 10.3); 

- Average yearly water abstraction by country (Figure 10.4), as this information will be 

compared with water tariffs and water stress indexes (see below). 

 

Figure 10.1 OECD dataset - Total (ground) water abstraction over the period 1985-2009 for (i) all EU 

countries for which (some) information was available; and (ii) countries for which complete time series 

were available 
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Figure 10.2 EUROSTAT dataset – Total water abstraction (surface+groundwater) in the EU27 over the 

period 2000-2009. Three trends are provided: (i) Total abstraction for all countries for which (some) 

information was available; (ii) Total abstraction including only those countries for which complete time 

series were available; and (iii) Total abstraction including only those countries for which complete time 

series were available over the period 2000-2007 
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Figure 10.3 EUROSTAT dataset - Total water abstraction over the selected time period by country, 

including only those countries with complete time series over the period 2000-2007 
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Figure 10.4 EUROSTAT dataset - Yearly average abstraction per capita by country 

 

 

The total water abstraction trend for those countries with complete time series gives a “flavour” of 

how water abstraction has evolved over time in the EU. Both dataset indicate a quite stable, 

constant trend in water abstraction. However, while the OECD dataset suggests a gradual 

reduction over time of total (ground) water abstraction, the EUROSTAT time series present a rather 

constant trend. A stable overall abstraction in OECD countries since the 1990’s was observed also 

in OECD (2010a), and explained by: 

 The implementation of policies favouring more efficient water use and the decoupling between 

water use and economic and population growth; 

 Drought events in some countries that forced water demand to shrink. 

 

It must also be kept in mind, however, that abstraction data at national level hide significant spatial 

and sectoral heterogeneity and diversity, thus possibly hiding increase in water abstraction at the 

local level. 
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The stable trend observed for total water abstraction at the EU scale is also valid to some extent at 

the country level: most countries present rather constant abstraction curves, characterized by mild 

oscillations (e.g. Poland, Sweden, Latvia, Bulgaria), or slight decrease in water abstraction in recent 

years (e.g. Spain, France, UK). In one case only, i.e. Greece, water abstraction levels were 

drastically reduced one year to get back to their “normal” levels the following years.  

 

Water prices in the EU 

When talking about water prices, and as highlighted above, two main economic instruments which 

concur in compounding the final price paid by water user need to be analysed, namely (Lago and 

Möller-Gulland, 2011): 

 Environmental charges and taxes: although this category includes several instruments (e.g. 

pollution taxes and abstraction taxes), it is only water abstraction charges and taxes, imposed 

by the competent authorities to cover for water’s Environmental and Resource Costs (ERCs), 

that are relevant to this study. While both charges and taxes are compulsory payments, the 

revenues from taxes are allocated to the central budget with no return to the water system, 

while the revenues from charges are transferred back to the water system (usually for 

supporting projects and changes of practices that are beneficial to the sustainability of water 

services and to the ecological status of aquatic ecosystems). As indicated above, water 

abstraction taxes and charges have in practice primarily a financial/revenue raising role; 

 Water tariff: price to be paid for a given quantity and quality of water (or sanitation) service, 

either by households, irrigators, retailers, industry or other end users. Water tariffs have 

primarily a financial revenue role, collecting the necessary financial resources for operating and 

providing a given water service. In some cases, and in line with the requirements of the WFD 

described above, they can also contribute to the sustainable management of water resources, 

as they can provide incentives for better water efficiency. 

 

Abstraction charges and taxes in the EU 

This economic instrument is in place in most EU countries, targeting in particular households and 

industry, as agriculture often benefits from lower rates (ECOTEC, 2001; in ACTeon, 2009). In most 

cases, volumetric charging is applied, abstraction charges per hectare or per household being 

applied in the absence of water metering. Exemptions from abstraction charges and taxes are also 

common, for example: in regions or water bodies with a positive water balance and no stress on 

water resources; for small water abstractors (ACTeon, 2009). Table 10.1 provides an overview of 

the most recent data on water abstraction charges by sector and source in some selected EU 

countries in 2008 (OECD, 2010a). 

 

Table 10.1 Water abstraction charges by sector and origin in selected EU countries in 2008 

 
Source: OECD, 2010a. 
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Water tariffs 

Tariffs for domestic supply, industrial supply and irrigation water often present significant 

differences; as shown in Figure 10.5, irrigation water prices are often much lower than prices for 

domestic and industrial supply (with the exception of the Netherlands and Austria), while domestic 

water is supplied at often considerably higher prices in the Netherlands, France, UK, Greece and 

Austria. 

 

Figure 10.5 Comparison of agricultural, industrial and household water prices in late 1990’s (Median values are 

shown in each category and should be considered as indicative only) 

 
Source: OECD 1999, 2000, 2001; in EEA, 2003.  

 

Domestic users are often charged for drinking water supply and sanitation services at the same 

time. The unitary tariff levels for these two services sin selected OECD countries (including 

environmental taxes) are presented in Figure 10.6 (OECD, 2010a). 

 

Figure 10.6. Unitary tariffs for drinking water supply and sanitation services (including taxes) in OECD 

countries in 2008) 

 
Source: OECD, 2010a.  

 

While the figure above provides data at the national level, it is important to stress that tariffs 

charged for domestic drinking water supply and sanitation services can vary significantly within 
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countries. The variation levels of local prices for such services within selected OECD countries are 

presented in Figure 10.7 (OECD, 2010a). 

 

Figure 10.7. Variation of local tariffs for water supply and sanitation services in OECD countries in 2008  

 
Source: OECD, 2010a.  

 

When water prices are analysed, agriculture is a key sector to focus on, as this sector is currently 

the largest water consumer in the EU (but also worldwide): irrigation accounts for approximately 

70% of total abstraction on average (Molle and Berkoff, 2007). In Europe, different types of tariffs 

are applied to irrigation water, namely: (i) constant volumetric charges; (ii) volumetric block tariffs 

(tariffs increasing/decreasing according to fixed consumption thresholds); (iii) area-based tariffs (de-

linked from water consumption); and (iv) mixed tariffs (Arcadis, 2012). Retrieving homogeneous 

information on irrigation water tariffs across Europe is a challenging task, as prices are set at the 

river basin if not local scale and available data do not cover the whole of the EU 27. The available 

information on irrigation water tariffs to date is summarized in Table 10.2 (data source: Arcadis et 

al, 2012). 

 

Table 10.2 Agricultural sector - Type of pricing mechanisms and tariff levels for the provision of 

irrigation water across the EU 

Type of mechanisms Countries where it is applied Water tariff (€/m
3
) 

(Flat) Volumetric charges CY, LU CY: 0.15 – 0.17 €/m
3
  

(associations and individual 

irrigators respectively) 

MT – Non-potable water from public 

boreholes 

0.093 €/m
3
 

IT 0.04 – 0.07 €/m
3
 

SP, GR Not available 

Mixed tariffs 

(Combination of an area- or 

crop-based flat-rate with a 

volumetric element 

FR Example charges from Adour-Garonne 

RBD: 

157 €/ha + 0.082 €/m
3 

51 €/m
3
/hour (capacity charge) + 0.0568 

€/m
3
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Type of mechanisms Countries where it is applied Water tariff (€/m
3
) 

AU, CZ, FI, DE, IE, PO, SP Not available 

Volumetric block tariffs BE (Flanders) Small abstractions: 0.087-2.62 €/m
3 

Larger abstractions: 1.05-1.58 €/m
3
 

Area-based charges 

Widely applied system; 

Southern European 

countries, in particular, still 

rely on this mechanism 

GR 73-210 €/ha 

FR 39-50 €/ha (gravity-fed systems) 

158 €/ha (for some non-gravity fed 

systems in Adour Garonne) 

IT 50-150 €/ha (North) 

100 €/ha (South) 

SP, MT, CY Not available 

Source: Arcadis et al, 2012. 

 

In contrast, much less information could be found with respect to water tariffs for industrial supply. 

The only information at hand is provided by OECD (2010), which is summarized in the table below. 

However, only the types of tariff structures are described, and no quantitative information is 

provided. 

 

Table 10.3 Tariff structures for industrial water services from the public system, 2008 

Country Connection fees Fixed element base Types of tariff structure 

Austria … … Constant volumetric* 

Belgium Yes … Decreasing block tariffs (all states) 

Increasing block tariff (Wallonia only) 

Czech 

Republic 

No  Flat fee 

Denmark Yes …. Flat rate 

Constant volumetric 

Finland Yes Meter size Constant volumetric 

France Yes … Decreasing block tariffs 

Germany Yes Meter size Constant volumetric 

Greece Yes … Constant volumetric* 

Hungary … … Constant volumetric * 

Ireland Yes* … Constant volumetric* 

Italy Yes … Increasing block tariffs 

Netherlands Yes* Meter size Constant volumetric* 

Portugal Yes Meter size Increasing block tariffs 

Spain Yes Meter size Increasing block tariffs 

Sweden Yes Property / meter size Constant volumetric 

*When the 2008 information was not available, the 1999 data was used, as this was also provided by OECD as a term of 

comparison. 

 

Different tariff levels across sectors in one country, or even differences within one sector such as 

water and sanitation services, can sometimes be the result of the so-called cross-subsidization. 

This type of subsidization can take different forms, as described by Reckon (2009): 

 Pricing below avoidable cost: one group of customers or a particular service is charged less 

than the money the provider would save by not providing that service or not serving that 

customer group; low prices are possible because they are financed by revenues from the 

company’s other customers;* 

 Subsidized activity: when a provider undertakes different activities, one activity may finance the 

operation of another; 
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 Price differentiation not justified by costs: two customers groups are charged different prices for 

similar services, without an objective difference in the supply costs. Also in this case, lower 

revenues coming from one group are compensated by higher revenues from the second group; 

 Lack of price differentiation according to cost differences: charges applied to different customers 

are not differentiated on the basis of the differences in the costs of supplying them –or the price 

differential is smaller than such difference. 

 

In the case of water and sanitation services, cross subsidies are often used to ensure that such 

services are affordable for lower income groups: a well-known example of this is charging for 

wastewater collection via a local taxes, making this service more expensive for owners of large 

houses (Barraqué, 2003). In this sense, cross-subsidization in the domestic sector is a way of 

achieving universal provision of water services which is included, in a way or another, in all national 

legislation in EU countries (Cunha Marques, 2010).  

 

Moreover, in the domestic sector cross-subsidization can be applied as a form of geographic 

solidarity between rural and urban areas: although extending the water supply network to rural 

areas often require expensive investment, rural and urban users are charged the same tariffs, 

meaning that rural users are aided by urban users. In France, for example, rural water supply is 

funded through a fund financed by a tax on horse gambling and a tax on water consumption 

(OECD, 2002). 

 

Cross-subsidisation often happens also across sectors. For example, a survey carried out in the 

Seine-Normandie RBD (FR) by the water agency (2004) and aimed at assessing cost recovery for 

water services in all sectors, managed to quantify the magnitude of financial transfers across 

domestic, industrial and agricultural water supply/ the table below summarizes the results of the 

cost-recovery analysis, highlighting the transfers from one sector to the other. 

 

Table 10.4 Cost recovery for water services and cross-subsidies across sectors in the Seine-Normandie 

RBD, France Agence de l’eau, 2004 

(In M€/year) 

Total 

payments 

for water 

services 

Payments 

due to 

water 

pollution 

from other 

users 

groups 

The sector should pay more in the 

absence of… 
Amount the 

sector should 

pay in 

addition not 

to have a 

strong 

environmental 

impact 

Public 

subsidies 

Cross-

sectoral 

transfers 

through 

the charge-

support 

system 

Transfers 

from 

agriculture 

through 

agricultural 

mud sewage 

Households 2851 -266 +125 -16 +15 95 

Artisans 680 -37 +31 -4 +1 24 

Industrial 

firms 
1 110 -35 +27 +14 +1.5 31 

Agriculture 86 0 +9 +6 -7.5 1 100 

 

In many cases, agriculture will also pay significantly less than other sectors (be it in terms of tariffs 

for water services or abstraction taxes) with a resulting cross-subsidy from households (and to a 

lesser extent industry) to agriculture: it was observed, in fact, that in many OECD countries most of 

the costs of investment in irrigation are still charged to other water users (Malik, 2008); for example, 

cross-subsidies in favour of irrigation developments were reported in Spain and France (Gomez-

Limon & Riesgo, 2004, Tardieu & Prefol, 2002; in Ward, 2010). 
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In Malta, for example, an analysis of tariffs and revenues across sectors revealed that revenues 

rose through water tariffs in the industrial and commercial sectors are partly used to cover supply 

costs in the agricultural and domestic sectors, where lower tariffs are applied (Delia, 2004). 

 

Another common type of cross-subsidy can occur when power buyers and irrigators benefit from 

the same reservoir and dam, and thus investment and O&M costs of the dam are shared by both 

user groups: often, irrigators are charged a smaller part of the costs than it would occur under 

efficient pricing principles, and the remaining costs are charged on power buyers (Ward, 2010). 

 

Cross-subsidization, however, is only one type of subsidy with respect to irrigation water. As 

observed by OECD (2010), in fact, very often charges paid by farmers are the sum of different 

components that are levied by different institutions (e.g. ministries, basin agencies, irrigation 

districts, water user associations), giving rise to several types of possible subsidies: 

 Very narrowly defined subsidies: direct O&M costs incurred by Ministries or agencies which are 

not covered by farmers (e.g. energy costs, personnel costs); 

 Narrowly defined subsidies: preferential financing schemes to create new, or improve existing, 

irrigation districts (e.g. low interest rates, inadequate calculations of annualised costs); 

 Broadly defined subsidies: cross-subsidisation between sectors or state intervention to bridge 

the gap between costs and financial revenues; 

 Very broadly defined subsidies: cross subsidisation with nil or low returns to capital investments; 

 Economic inefficiency: use of water for irrigation that has a higher economic value for other 

users with access to the same water.  

 

Current key drivers of prices 

As noted by OECD (2010a), the full economic cost of water is made of several components: 

 Full supply cost, including O&M costs, capital cost and the cost of servicing debt; 

 Opportunity or resource cost, reflecting the scarcity value of the resource and taking in 

consideration the value of water in conflicting uses; 

 Positive and negative externalities (in environmental and economic terms); 

 Other costs (administrative and governance costs, costs associated with water resource 

management activities needed for the stewardship of the water resource base). 

 

Among these cost components, the resource cost deserves particular attention, as the common 

logic would expect water scarcity to be a fundamental driver of water prices. Water scarcity 

situations, in fact, are raising growing concerns in the EU, as their occurrence and length is 

increasing and the magnitude of the problem is expected to increase in the coming decades, due in 

particular to the expected impact of climate change (Garzon and Strosser, 2012). 

 

To understand whether water tariffs in Europe actually reflect water scarcity and water stress 

situations, it is useful to compare water tariffs across European cities with the distribution of water 

scarce basins in Europe. 

 

Water scarce basins were identified by using the ClimWatAdapt model (Garzon and Strosser, 

2012), which takes into account a calculated WEI indicator and using similar thresholds indicating 

water scarcity. The model led to the representation of the basins subject to water stress all year 

round and during the summer season, thus capturing the seasonal character of water scarcity; the 

results are presented in Figure 10.8. 
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Figure 10.8 Localisation of the water scarce basins in Europe all year round and in the summer period, 

obtained through the ClimWatAdapt model (Garzon and Strosser, 2012) 

 

 

Perhaps not surprisingly, most of the basins suffering from water stress are located in the 

Mediterranean countries (SP, IT, GR), while fewer basins are identified in the UK, BE, DE. As 

expected, during summer months water scarce basins increase, so that a large part of PT, SP, IT 

and GR are touched by the issue, together with a few more basins in the UK and one more in DE. 

 

While looking at water tariffs applied to households in some major European cities, the common 

sense would suggest tariffs to be higher in areas identified as experiencing water scarcity problems. 

The analysis of available data, however, provides a different pictures: Figure 10.9 below presents 

the difference to the EU average for water tariffs of major cities: it clearly stresses that 

Mediterranean countries (Italy, Spain, Greece, Turkey) that record high water scarcity generally 

apply much lower water tariffs than the EU average, higher prices being found for Denmark, 

Switzerland, France, Austria and the Netherlands.  
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Figure 10.9 Percentage departure from average in domestic water prices for major cities in 1996 

 
Source: OECD 1999; in EEA, 2003. 

 

Thus, and as indicated already before, water tariffs have limited to no link to the resource itself: they 

mainly reflect the costs of the service itself (order of magnitude of investments, level of O&M costs, 

etc.), and also affordability concerns and social considerations that are often translated into 

subsidies to water services. 

 

It is possible, however, to get an idea of water prices that could be formed in free market settings by 

looking at the functioning of local water markets which have been developing in Spain for 

exchanges of irrigation water among users or water right holders (as described by Garrido et al in 

press)
318

. Indeed, the Spanish national Water Law allows for trading of private water rights and, 

since 1999, for the exchange of public water rights among holders, who can lease out temporarily 

or till maturity their concessions. Water trading, however, found very little application until the 

drought of 2005-2008, when water market exchanges supported by the Spanish government 

became a viable way of alleviating water scarcity conditions in the most intensely hit basins and 

became more frequent (although trading still represent less than 1% of all annual consumptive 

uses).  

 

Water trading takes places under different forms, namely:  

 Informal exchanges;  

 Trading of private water rights;  

 Formal lease contract and trading of public concessions; 

 Purchases of land upstream to transfer the water to other downstream areas; 

 Inter-basin temporary trading; 

 Water exchange centres (for environmental and urban uses). 

 

Table 10.5 presents the salient features of the different types of water markets in Spain (from 

Garrido et al, 2012). 

 

                                                                                                                                                               
318

  All information on water markets in Spain is drawn from Garrido et al (2012). 
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Table 10.5 Summary of all relevant typologies of markets for irrigation water in Spain  

Type of exchange Case study description Water price 

(€/m3) 

Total volume exchanged Additional relevant information 

Leasing-out of 

farmers’ water right 

for one year 

Jucar basin exchange centre. The exchange 

centre had the objective of increasing water 

table levels during the drought of 2005-2008, 

by reducing groundwater abstractions by 100 

Mm3. 

0.13 – 0.19 €/m3 77.9 Mm3  

(the bidders were not enough to 

cover the entire budget and 

target volume). 

The prices paid to farmers depended on the 

distance of the seller’s location to the 

associated wetland or to the river alluvial 

plain. 

Temporary lease of 

surface water rights 

Segura basin exchange centre. Two public 

offers (2007 and 2008) targeted at rice farmers 

and aimed at reducing consumption in the 

most water-scarce basin of Spain. 

0.168 €/m3 

(average price – 

maximum price in 

public offers was set 

at 1.8 €/m3). 

≈ 6 Mm3  

Purchased volumes proved to be 

sufficient to maintain 

environmental flows, but only 

once they could satisfy the 

domestic demand. 

_ 

Formal lease 

contracts 

Tagus river (2002). Exchanges between two 

irrigation districts and one large urban retailer. 

(In general, only a few documented 

experiences, as users are reluctant to formal 

exchange their water or concessions). 

Fixed price of 38,000 

€/year + 

0.04 €/m3 for the first 

4 Mm3 and 0.2 €/m3 

for the rest of the 

total volume. 

20 Mm3 _ 

Inter-basin 

exchanges 

Tagus and Segura river basins. The 

Mancommunidad de Canales de Taibilla (, 

urban water supplier, Segura) signed and 

agreement with farmers in the over-supplied 

Canal de las Aves irrigation district (upper 

Tago RB).  

0.28 €/m3 (2006) 

0.23 €/m3 (2007). 

40 Mm3 (2006) 

36.9 Mm3 (2007). 

The exchanging parties were exempted from 

paying the fees applicable to all aqueduct 

beneficiaries, because of the exceptional 

drought situation. (Fees: 0.15 €/m3 for 

irrigators and 0.21 €/m3 for water agencies 

supplying municipalities). The price in 2006 

was higher because at the moment of signing 

the agreement farmers had already incurred 

in some cultivation costs. 

Tagus and Segura river basins. Contract 

between the Canal de Estremera irrigation 

district (Tago RB) and the Sindicato Central de 

Regantes del Acueducto Tago-Segura, which 

0.19 €/m3 (2006) 

0.22 €/m3 (2008). 

31 Mm3/year. The exchanging parties were exempted from 

paying the fees applicable to all aqueduct 

beneficiaries, because of the exceptional 

drought situation. (Fees: 0.15 €/m3 for 
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Type of exchange Case study description Water price 

(€/m3) 

Total volume exchanged Additional relevant information 

has been in place for 45 years. irrigators and 0.21 €/m3 for water agencies 

supplying municipalities). 

Guadalquivir and Segura river basins. Aguas 

del Amanzora (Segura RB) established a 5-

years agreement for concessions from the 

Negratin reservoir (Guadalquivir RB). 

0.19 €/m3.  The exchanging parties were exempted from 

paying the fees applicable to all aqueduct 

beneficiaries, because of the exceptional 

drought situation. (Fees: 0.15 €/m3 for 

irrigators and 0.21 €/m3 for water agencies 

supplying municipalities). 
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The data above highlight how two important components of water cost can actually have an 

influence in the formation of price: 

 Opportunity (resource) cost: in the case of the Jucar basin exchange centre, the price paid to 

farmers varied depending on the land proximity to wetlands or the river flood plain, two 

environmental components which play a major role in regulating and maintaining both surface 

and ground water flows. Water abstraction close to these two components, in fact, is likely to 

have a stronger negative impact on water availability in the river basin, especially in terms of 

water available for the natural environment, thus raising the opportunity cost of extracting water 

in nearby areas. In the case of the Jucar basin, the final price paid to nearby farmers for not 

abstracting part of their water right includes a higher opportunity cost. Furthermore, in quite a 

few cases, water trading tool place from irrigation districts to urban suppliers: indeed, domestic 

water supply becomes a priority at the expenses of irrigation during drought spells. And the 

price applied to the water transaction might be considered as the opportunity cost of ensuring 

water to households rather than for agricultural purposes; 

 Supply (service) cost: as indicated by the table above, the cost of supplying water can also 

influence its price. In the case of inter-basin water transfer, the transaction price is generally 

higher than for transaction that took place within a given basin. Clearly, inter-basin transfers 

obviously require that water is supplied through long-distance inter-basin aqueducts, thus 

increasing supply cost. 

 

In brief, the analysis of the Spanish case study has allowed to better clarify the role that resource 

costs (water scarcity and co-existence of conflicting water uses) and supply cost can have in the 

formation of water prices. In addition, as efforts towards the implementation of Article 9 of the WFD 

are now required, one could assume that supply and resource costs are increasingly considered in 

defining water prices
319

.  

 

Before looking more in detail at the expected future trends in water prices, therefore, it is useful to 

summarize their key drivers both in terms of environmental conditions and policy actions, which are 

now only partly reflected in the price message but which are expected to gain an increasingly 

crucial role in water price mechanisms. The relationships between water availability, water policies 

(in terms of demand and supply management) and existing water uses and users groups are 

summarized in Figure 10.10, although the graph clearly simplifies the complex cause-effects 

relationship embedded in water management and price mechanisms. It is important to stress that 

the pollution of available freshwater resources that impact on the availability of water of adequate 

quality might not lead to the need for tapping new resources: in many instances (and as indicated 

by today’s practices of many water suppliers), this result in additional drinking water treatment (and 

thus costs of water services)
320

.  
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  This remains to be seen – indeed, the progress made so far with the implementation of Article 9 of the WFD has been 

limited in most MS to the assessment and reporting of current water pricing, with little to no policy initiative in effectively 

adapting water pricing to account for the principles promoted by the WFD. 
320

  There is however an increasing interest in the development of voluntary agreements between water supply companies and 

economic operators (farmers) at the origin of the pollution. Indeed, in a context of significant increases in water tariffs and 

affordability concerns, voluntary agreements leading to pollution reduction at the source is a clear cost-effective alternative 

(as compared to investing in de-pollution treatment technology) for the water supply company (and thus households and 

other drinking water service users).  
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Figure 10.10 Relationships between water availability, water policies and existing water uses and users 

groups and their role in the formation mechanisms of water prices 

 

 

 

10.1.3 Future trends in resource prices 

Building future scenarios: key driver of prices, environmental conditions and water 

management policies 

The predictions of future trends in resource prices presented in the following section are based on 

three possible scenarios of water management in the EU, which were developed in the context of 

EU Flagship Initiative titled “A resource-efficient Europe – Flagship initiative under the Europe 2020 

Strategy“. Before illustrating these scenarios, however, it is useful to spend a few words on the 

context in which they were developed, including key assumptions and projections for future trends 

in overall environmental conditions. 

 

From the graph presented above, some crucial factors influencing water prices can be identified:  

 The effects of climate change; 

 Pollution of available freshwater resources; 

 Water demand management, which includes allocation choices among conflicting uses and has 

a mutual influence relationship with water supply management choices. 

 

Among these three factors, the effects of climate change are the ones which cannot be influenced 

at the policy level, and not even determined beforehand with sufficient precision: it is only possible, 

in fact, to develop projections on the expected effects of climate change on freshwater resources, 

and take it as a underlying assumption while building future scenarios and developing possible 

future trends for water management and, ultimately, water prices. As a main impact of climate 

change on water resources, not only water scarcity magnitude and frequency are expected to 

increase, but without modifications to the water policy measures currently implemented this 

phenomenon could affect a higher number of river basins in the EU, according to the projections for 

2030 obtained through the ClimWatAdapt model shown below (Garzon and Strosser, 2012). 
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Figure 10.11 Expected localisation of the water scarce basins in Europe by 2030 all year round and in 

the summer period, obtained through the ClimWatAdapt model Garzon and Strosser, 2012 

 

 

The impact of climate change on water resources and its ultimate effects on water prices, however, 

is the only factor which cannot be controlled through policy instruments: as shown in Figure 10.12, 

all other factors influencing water prices can be considered as key areas of intervention in water 

management policies, and at the EU level they are in fact addressed within the Water Framework 

Directive. 

 

Figure 10.12 Drivers of water prices and key areas of policy interventions 

 

 

The three future scenarios defined by the European Commission with respect to water resources 

are therefore based on the common assumption of increased future water stress in EU river basin. 

But they differ for the type of expected policy response in terms of supply and demand 

management and the level of implementation of the WFD. The three scenarios, which will be used 
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in this study as basic assumptions for predicting future trends in water prices, are presented in 

Table 10.6, together with the factors which are expected to be the key drivers of prices in each 

scenario –obviously, all the drivers of prices identified above will play some role in the 

determination of prices, but in each scenario two factors are expected to play a predominant role. 

 

Table 10.6 Policy scenarios against which future trends of water prices were assessed 

Scenario Reference scenario 

(Current trends and 

policies) 

Low-end variation High-end variation 

Description An increasing share of the 

EU is water-stressed and 

droughts are more frequent 

and widespread. Larger 

energy footprint of water use 

as a larger share will have to 

come from alternative water 

supplies such as 

desalination. Water 

Framework Directive 

requirements are 

implemented and good 

ecological status is obtained 

in most of the basin. 

A large share of the EU is 

water stressed and 

droughts are more 

frequent and widespread 

(aggravated by climate 

change). Floods are also 

more frequent and/or 

intensive. High energy 

footprint of water use. 

Water Framework 

Directive requirements 

are only partly 

implemented and good 

ecological status is not 

obtained in all the river 

basins. 

Water demand 

management is in place 

to ensure a proper 

allocation of available 

resources to water users 

and the environment. 

The energy footprint of 

water consumption is low 

as water is being 

managed in a 

sustainable way. 

Expected key drivers 

of prices 

The resource cost 

determined by increased 

water scarcity due to climate 

change will be mainly 

reflected by increased 

supply costs (alternative 

water supplies). 

The resource cost 

determined by increased 

water scarcity due to 

climate change will be 

mainly reflected by 

increased supply costs 

(alternative water 

supplies) and by 

increasing costs of de-

polluting water. 

In an optimal allocation 

scenario, the effects of 

increased water scarcity 

will be buffered by 

effective demand 

management. Water will 

be allocated to the most 

efficient uses, 

maximizing the social 

and environmental 

benefits of water use. 

 

The following paragraphs will thus attempt at providing some indications on possible price trends in 

the three scenarios, based on existing literature and case studies.  

 

Expected trends in water prices in the reference scenario (current trends and policies) 

In the reference scenario the following main points of attention can be identified with respect to 

water prices: 

 Full implementation of the WFD will imply that in the majority of EU river basins water prices will 

be set accordingly to the principle stated in Article 9 (cost recovery, polluter-pays principle and 

incentiveness for a more efficient water use); 

 The challenge posed to the EU by increasing water stress will be mainly addressed through 

supply management policies implementing alternative supplies, often requiring high amounts of 

energy. As a consequence, the costs of these alternative water supplies can be looked at as the 

main driver of future water prices. 
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As water prices in the EU are generally too low to satisfy the principles stated by Article 9 of the 

WFD, its full implementation is likely to generally lead to increased water prices. As shown in Figure 

10.13, water costs have increased in recent years, sometimes even considerably, in almost all EU 

countries for which data are available -with the exception of Germany (NUS, 2006). The increase in 

water cost in most of the selected countries suggests that efforts are being made in the 

implementation of Article 9. 

 

Figure 10.13 Growth factors over the period 2001-2006 in the selected EU countries. Although not 

specified in the source document, these figures are likely to be based on drinking water prices  
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Source: Nus Consulting Group, 2006. 

 

While in some countries (e.g. Denmark, Germany) water prices are already sufficiently high to 

ensure sustainable cost recovery, in other countries (e.g. Mediterranean countries) water prices are 

still low as compared to the EU average: it can be therefore expected that, in these countries, water 

prices are still not sufficiently high to allow for a sustainable cost recovery, so the general trend 

towards further increase can be expected to continue, at least on the short-medium term.  

 

This variability across MS implies that it is not possible to forecast the evolution of water prices at 

the EU level, as such variations will show a different magnitude in different countries. It is possible, 

however, to estimate the expected increases in water prices at the MS level following the 

implementation of the WFD, by looking at current prices and current cost recovery levels, and 

assuming that full cost recovery will be attained by 2015 (end of the first planning cycle of the 

WFD).  

 

For the agricultural sector, this estimate was conducted based on the data provided in Arcadis 

(2012) -for those countries for which such information was available- as it is the major water user 

and it is likely to be impacted by increases in irrigation water prices. Such estimates are 

summarized in Table 10.7. Overall, and despite the absence of complete dataset, the application of 

full cost-recovery for the irrigation sector could lead to significant water tariff increases of at least 

50% on average.  
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Table 10.7 Expected price increases of irrigation water in the EU assuming that full cost recovery is 

reached as a result of the implementation of Article 9 of the WFD; the table includes only those country 

for which this type of information was available  

O&M 

costs

Capital 

costs
Increase factor

€/m3 €/ha % % % €/m3 €/ha

AT na na 100 100 0 na na

CY 0.15 - 0.17 49 0.22 - 0.25

DK na na 100 100 0 na na

FI na na 100 100 0 na na

FR 0.082* 157* 100
15-95                 

Average: 55

0 (O&M costs)                

45 (capital costs)              
N/A N/A

EL 0.02 - 0.7 73 - 210 46 0.03 - 1.02 75.13 - 424.62

HU na na 100 100 0 na na

IT 0.04 - 0.25 30 - 150 50 0.06 - 0.38 31.8 - 203.3

LV na na 100 100 0 na na

NL na na 100 100 0 na na

PL na na 95.2 na na

PT 0.02** 120** 77 0.04 124.25

ES 0.262*** 262.6*** 90
not 

specified

10 (O&M costs) + 

unknown %
N/A N/A

UK na na 100 100 0 na na

4.8 (average)

23

Current price range

54

20 - 30 (South)              

50 - 80 (North)                      

Average: 50

51

Expected unitary rates

Expected price increase

Country

Current cost recovery 

level

 
Source: Arcadis, 2012. 

 
General notes: 

 Current price levels normally refer to water tariffs applied for water provided; 

 When the current average level of cost recovery had to be estimated (in many countries cost recovery varies across basin / 

local units), the increase factor was estimated based on such average cost recovery level; 

 na: information not available. The countries for which information on tariffs was not available, but for which total cost 

recovery was reported, were included in the table; 

 N/A: not applicable (see explanations below). 

 

Specific notes: 

*Only tariffs in Adour Garonne RBD were available. Recovery rates of capital costs are extremely variable across RBDs. As 

tariff levels refer to one RBD, and average recovery rates of capital costs refer to France as a whole, in was not appropriate to 

estimate the expected unitary rates using such heterogeneous data. 

** Tariffs and average cost recovery rate refer to collective irrigation schemes. 

*** Tariff refer to the Guadalquivir RBD, where average area-based tariff is the highest in Spain, while the same does not apply 

to volumetric tariffs. The expected rates were not estimated for two reason: first of all, prices in one RBDs might not be 

representative of the whole country; secondly, the recovery rate of capital costs is not known. 

 

A synthesis of the expected price increases for irrigation water in those countries for which 

information is available can be derived from the table above, as presented in Figure 10.14. 
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Figure 10.14 Expected increases of irrigation water in the EU assuming that full cost recovery is 

reached as a result of the implementation of Article 9 of the WFD; the table includes only those country 

for which this type of information was available 

 
Source: Arcadis, 2012.  

 

Unfortunately, the same estimate could not be developed for the domestic and industrial sector, as 

comprehensive figures on cost recovery rates could not be found. For the domestic sector, cost 

recovery rate figures (OECD, 2010) only take into account O&M costs (and no investment costs) 

and are thus not sufficient to predict potential price increases. For many Central & Eastern 

European countries that had the practice to recover O&M costs only in water tariffs, sizeable water 

tariff increases for households might still arise in coming years in particular in rural areas that have 

not been the focus of EU-funded rehabilitation and modernization projects.  

 

In the case of cost recovery rates for industrial water supply, only qualitative information indicating 

whether the cost recovery principle is applied in individual countries could be found (OECD, 2010). 

Thus, no subsequent analysis could be carried out. 

 

Additional price increase might occur to cover the costs associated with additional water supply 

sources, such as for example water desalination plants. Over the last 50 years, there has been a 

steady growth of desalination plants, in particular in those Mediterranean countries facing water 

scarcity situations such as, for example, Spain. 

 

IEEP et al (2008) proposed a methodology to estimate expected increases in water prices by 2030 

due to the additional supply costs resulting from desalination activities. Several price components 

were taken into account in the estimate: 

 The average cost of Reverse Osmosis desalination process (the most common desalination 

technology) which, according to several sources (Zhou & Tol 2004, Chaudhry 2003, Miller 2003, 

50% 

49% 46% 

0% 

0% 

0% 

10% 
(O&M) + 

Unknown 
% 

77% 

0% (O&M) 
+ 45 % 

(Capital) 

0% 

0% 
95.2% 

0% 
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World Bank 2004, Fritzmann et al. 2006; in IEEP et al, 2008) range between 0.35 and 0.74 

€/m
3
); 

 Water distribution costs, estimated at 0.037 and 0.043 €/m
3
/100km; 

 Projected water price in 2030 without additional desalination (but including the level of 

desalination today); 

 The estimated future additional share of desalinated water on the total water supply. 

 

This exercise identified a rather small effect of desalination on water prices in 2030, which at the 

EU level would result in an average increase of water prices of around 1 €/m
3
. Of course, such 

increase is likely to concern coastal areas in those RBDs facing water scarcity situations (i.e. 

Mediterranean countries) rather than countries with no water availability issues (e.g. Netherlands, 

Denmark). 

 

It must be kept in mind, however, that these estimations take in consideration only capital and O&M 

costs, thus leaving out administrative, opportunity and possible extra transportation costs
321

. 

Furthermore, the financial figures do not take into account other issues such as, for example, 

environmental impact or energy consumption, neither do they reflect the fact that these alternative 

sources can only provide limited quantities of water.  

 

In conclusion, the data presented here suggest that under this scenario, as a combined effect of full 

implementation of Article 9 of the WFD and the implementation of supply-oriented policy, water 

prices are expected to increase, although it is not possible to determine the exact magnitude of this 

increase Europe-wide due to the lack of a comprehensive data set on current water tariffs and cost-

recovery levels. The increase is likely to be significant for: 

 The agriculture (irrigation) sector in all countries where irrigation is significant; 

 Households in (Southern and Eastern European) countries where cost-recovery is limited today 

to the recovery of O&M costs.  

 

Expected trends in water prices in the low-end variation scenario  

In the low-end variation scenario the following main points of attention can be identified with respect 

to water prices: 

 Partial implementation of the WFD will imply that water prices will be partially set accordingly to 

the principle stated in Article 9 (cost recovery, polluter-pays principle and incentiveness for a 

more efficient water use), or in some European river basins only; 

 Partial implementation of the WFD will also mean that good ecological status will be reached in 

some European river basins only, leaving a share of European freshwaters in polluted 

conditions. Increased pollution, in turn, will imply on the other that less clean freshwater 

resources will be available for human beings and the environment, thus aggravating already 

increasing water stress situations. In many cases, it will be possible to obtain additional usable 

water only through de-polluting treatment, which becomes the main drivers to water tariffs and 

implies additional supply costs; 

 The challenge posed by increasing water stress in the EU, via the combination of climate 

change and pollution of existing resources, is likely to be addressed through supply 

management policies implementing alternative supplies. As a consequence, the costs of these 

alternative water supplies can be looked at as another driver of future water prices. 
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  Hence, the final total costs of these supply sources could eventually be higher than the cost of conventional sources.  



 

 

333 Mapping resource prices: the past and the future 

 

Partial implementation of the WFD will mean that water pricing policies in some countries or river 

basins will be adjusted in order to comply partially with the principles stated in Article 9. Excluding 

those countries in which water prices are already high and where full cost-recovery is already taking 

place, an increase in water prices is expected under this scenario, but to a lower extent as 

compared to the reference scenario. However, as it is not possible to predict how many countries or 

river basins will implement Article 9, nor whether they will fully implement it: therefore, it is not 

possible to foresee the magnitude of the expected effect on water prices. 

 

The factor which is expected to have the largest influence on water prices, and which is also 

connected to a partial implementation of the WFD in MS, is the expected increased pollution of 

freshwater resources as compared to the reference scenario. Increased water pollution from 

various sources, in fact, contributes to reducing water availability for human consumption or even 

for irrigation, so that additional water can be only made available through de-pollution processes 

which increase supply costs and, ultimately, water prices paid by users. 

 

Some indications of these costs are given in Bommelaer and Devaux (2011), who attempted a 

preliminary, partial valuation of the extra direct costs linked to the degradation of the quality of water 

resources and aquatic ecosystems caused by nitrates and pesticides used in agriculture in France. 

The main results are summarized in Table 10.8. 

 

Table 10.8 Costs of water degradation due to non-point agricultural sources in France  

 Lower value 

M€ / year 

Higher value 

M€ / year 

Total yearly expenditures due to non-point agricultural pollution,  

of which: 
1 110 680 

Extra expenditures for households in locations affected by this type of pollution 370 390 

Extra expenditures for water and sanitation services reflected on households’ 

water bills 

640 1 140 

Market losses due to eutrophication (partial valuation for fishing and tourism) 100 150 

Other expenditures   

Yearly treatment cost for surface and coastal waters 0.054 0.091 

Yearly cost of ground water restoration 0.522 0.847 

Yearly cost of compliance to the Groundwater Directive 1 100 3 800 

Total 2210.576 5480.938 

Source: Bommelaer and Devaux, 2011.  

 

This valuation exercise, although admittedly not exhaustive, stresses the significant economic and 

financial impact of diffuse pollution–in particular the additional expenditures that are imposed on 

households and water services. Additional household spending for water de-pollution was in fact 

estimated between 1,000 and 1,500 M€, of which from 640 to 1,140 M€ are charged through the 

water bills, representing 7 to 12% of the average water and wastewater bill.  

 

In terms of unitary costs of treatment, in the context of a study conducted in eastern France, 

Reinaudo (2003) indicated average values ranging between 0.15 and 0.3 €/m
3
, range which 

embraces all existing treatment technologies (ion exchange resin technology for nitrates removal, 

active coal filters for pesticides removal, and reverse osmosis / combined systems for the removal 

of both pollutants). In conditions of full recovery of supply costs, such additional treatment costs 

would be fully charged on consumers through increased water tariffs, so these values can be seen 

as the maximum increase which could take place in case all water needed treatment. It must be 

stressed, however, that these figures only take into account O & M costs, and are therefore 

underestimated. 
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Furthermore, as water scarcity is expected to increase in magnitude in the coming years, de-

pollution of water resources can potentially acquire a more significant role in ensuring water supply 

of adequate quality across Europe. This will therefore contribute to additional service costs and 

increasing water prices. 

 

This scenario is therefore characterized by a higher level of water stress across the EU as 

compared to the reference scenario, as the availability of water resources is affected both by the 

climate change and by increased pollution or, in other words, by man-made pressures causing 

water scarcity). In this context, it can be expected that water provision will be ensured also through 

supply management policies aimed at promoting alternative water supply sources, as in the 

reference scenario: the costs of alternative supply sources will thus play a role in the future trends 

for water prices also within this scenario, and the effect on water prices will be similar to the effects 

described in the previous paragraph on the reference scenario. 

 

Expected trends in water prices in the high-end variation scenario 

In the high-end variation scenario the following main points of attention can be identified with 

respect to water prices: 

 Full implementation of the WFD will imply that in the majority of EU river basins water prices will 

be set accordingly to the principle stated in Article 9 (cost recovery, polluter-pays principle and 

incentiveness for a more efficient water use) – in line with what has been estimated in the 

reference scenario; 

 The challenge posed to the EU by increasing water stress will be addressed through demand 

management policies, reducing consumption and allocating water to the most efficient water 

uses, including domestic consumption, and the environment, thus avoiding major conflicts 

among water users. Optimal allocation and efficiency will therefore play a major role in price 

mechanisms. 

 

As illustrated in the reference scenario, the full implementation of Article 9 of the WFD will imply an 

increase in water prices across the EU aimed at satisfying cost recovery, polluter-pays principle and 

incentiveness for a more efficient water use. The price increase will concern only a part of 

European river basins, as in some countries (e.g. DK, DE) water price levels are already sufficiently 

high to comply with Article 9 provisions. 

 

The implementation of water demand policies will allow EU countries to face the threats of 

increased water stress by decreasing consumption and allocating water to the most efficient uses, 

thus maximizing the social and economic benefits of water use. This type of allocation will 

determine an increase in water prices because they will be likely to reflect the true economic value 

of water, which is currently not reflected in the price message due to subsidies. This price increase, 

however, is expected to be lower as compared to the other scenarios, as no additional supply costs 

will be involved, and conflicts over water use might be minimized too. 

 

Expected trends in water prices in the three scenarios: a synthesis 

The three policy scenarios under consideration are all expected to imply different levels of price 

increase across the EU. Although it has not been possible to determine the exact magnitude of 

price increase, the identification of the key drivers of water prices in the three scenarios allows a 

qualitative, comparative assessment of price changes, as summarized in Table 10.9. 
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Table 10.9 Qualitative assessment of the expected price changes under the three scenarios under 

consideration 

Scenario Drivers of prices Expected effect 

on prices 

Overall expected 

effect on prices 

Reference scenario Implementation of Article 9 + ++ 

Costs of alternative supplies ++ 

Low-end variation 

scenario 

Implementation of Article 9 0/+ +++ 

(*) De-pollution costs +++ 

Costs of alternative supplies +++ 

High-end variation 

scenario 

Implementation of Article 9 + + 

Allocation of water resources to the 

most efficient uses 

+ 

* The overall final score was kept higher than average to highlight the fact that the low-end variation scenario implies an 

additional price increase (de-pollution costs) as compared to the other two scenarios. 

 

Legend:         +++  Very high price increase 

++    High price increase 

+      Modest price increase 

0     No effect on price 

-       Modest price decrease 

--      Significant price decrease 

---     Very significant price decrease 

 

This qualitative assessment highlights that all three scenarios are expected to cause an increase in 

water prices, although the different policies are likely to prompt a different price responses: in this 

respect, the high end variation scenario appears the most efficient water management approach, 

addressing the threats of increased water stress through an efficient allocation of water resources 

at the least cost for users. The reference scenario will be effective in addressing increased water 

scarcity, but this will be done by finding alternative water supplies which often require high energy 

use, thus implying additional supply costs for users. The low-end variation scenario, in contrast, 

appears to be the least efficient approach to tackle increasing water scarcity: in the absence of 

demand management policies, alternative water supplies will have to be put in place at additional 

costs, and the failure in reaching good ecological status in part of the EU will increase the costs of 

de-polluting available freshwater resources. 

 

As it has not been possible to provide accurate estimates of expected price increases for all 

countries in the three scenarios, the following paragraph will assess the impact on competitiveness 

of generally higher water prices, attempting at providing an overview of available projections and 

case studies. 

 

 

10.1.4 Competitiveness analysis 

The assessment of the completeness of the price message and the completeness analysis will be 

carried out focusing on the agricultural sector, as it is currently the largest water consumer in the 

EU. As indicated above, irrigation accounts for approximately 70% of total water abstraction on 

average (Molle and Berkoff, 2007). And achieving more efficient water use in this sector has 

therefore a key role in ensuring the sustainability of water resource management in the EU. 

Moreover, agriculture is a crucial sector for the implementation of water pricing policies because 

irrigation water prices are normally much lower than water prices applied to the domestic and 

industrial sector, as shown earlier (EEA, 2003).  
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Although water cannot be considered a market good, as its ownership and prices are subject to 

different public policies, it is a fundamental, non-substitutable production factor in the agricultural 

sector: the current study will therefore assess, at first, the effects of increased water prices of the 

agriculture sector and, subsequently, the effects of increasing prices on the global competitiveness 

of this sector, considering import and export trade flows. 

 

With the aim of providing a more complete picture, however (e.g. while discussing the price 

elasticity of demand), some information will be also provided for the domestic and industrial sectors. 

 

In order to assess the impact on competitiveness of the agricultural sector of the predicted changes 

in water prices, the potential for competitiveness needs to be assessed and, in particular, the 

following parameters will be investigated: 

 Water availability across the EU; 

 Total water demand in the EU; 

 Water consumption by the agricultural sector, including: the distribution of water use for 

irrigation purposes and reliance on irrigation across the EU and water consumption for different 

crop types; 

 Trade flows, including: the share of the agricultural products in total EU trade flows, the trade 

balance of the EU agricultural sector and trade of agricultural products in and out the EU by 

type of product. 

 

This assessment will be followed by a preliminary exploration of the impact of price changes on 

consumption and (agricultural production). This will help assessing the possible competitiveness 

implications of such changes. 

 

Water availability 

Although overall Europe abstracts a relatively small proportion of its renewable freshwater 

resources, water scarcity problems arise in several river basins as a result of the uneven 

distribution of water resource over time and the mismatch between water availability and water 

demand. As a result, there is imbalance between water availability and water abstraction locally, 

excessive abstraction rates in some locations exacerbating water scarcity and threatening the 

ecological status of water resources (EEA, 2009). 

 

The distribution of available freshwater resources in the EU is illustrated in the figure below (source: 

De Roo et al, 2012). 
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Figure 10.15 Annual freshwater availability in Europe (mm/year), average 1990-2010 

 
Source: De Roo et al, 2012; also available at 

http://ec.europa.eu/dgs/jrc/index.cfm?id=1410&obj_id=14650&dt_code=NWS&lang=en. 

 

Water stress in a river basin is measured by the Water Exploitation Index (WEI), which is calculated 

annually as the ratio of total abstraction to the total availability of freshwater resources; a WEI 

superior to 20% indicates water stress situations, while a WEI higher than 40% indicates severe 

water stress (EEA, 2009). As shown in Figure 10.8, water stressed basins are currently located 

mainly in PT, ES, IT, EL and BG, although a few water stressed basins can also be found in UK, 

BE, FR and DE. According to projections, this situation is expected to worsen by 2030 (Figure 

10.11), with more water stressed basin in PT, ES, IT, EL, BG, FR, BE, UK and DE, and new water 

scarcity situations in RBDs located in NL and RO (Garzon and Strosser, 2012). 

 

Some data on water-stress for selected European river basins were also provided by the EEA 

(2009), which are presented in Figure 10.16. 

 

http://ec.europa.eu/dgs/jrc/index.cfm?id=1410&obj_id=14650&dt_code=NWS&lang=en
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Figure 10.16 Water-Exploitation Index in selected European river basins in 2007  

 
Source: EEA, 2009. 

 

In addition, water stress can also be measured as the number of days per year in which there is not 

sufficient water for vegetation growth, an indicator taken as a proxy of soil moisture stress. The 

distribution of water stress in the EU according to this parameter is presented in figure (source: De 

Roo et al, 2012). Also according to this indicator, it can be seen that water stress is mostly 

concentrated in Mediterranean countries. 

 

Figure 10.17 Water stress in the EU: Number of days per year in which there is not sufficient water for 

vegetation growth (≈ soil moisture stress), average 1990-2012  

 
Source: De Roo et al, 2012; also available at 

http://ec.europa.eu/dgs/jrc/index.cfm?id=1410&obj_id=14650&dt_code=NWS&lang=en. 

http://ec.europa.eu/dgs/jrc/index.cfm?id=1410&obj_id=14650&dt_code=NWS&lang=en
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Water consumption 

Water demand across the EU 

The distribution of total water demand, thus including irrigation, livestock, industry and energy, 

households, was recently estimated by JRC (De Roo, 2012); the results are presented in the figure 

below. 

 

Figure 10.18 Distribution across Europe of water demand for all sectors (irrigation, livestock, industry 

and energy, households) in the year 2005 (mm/year)  

 
Source: De Roo et al, 2012; also available at 

http://ec.europa.eu/dgs/jrc/index.cfm?id=1410&obj_id=14650&dt_code=NWS&lang=en.  

 

Water use for irrigation purposes across the EU 

This parameter is particularly important because different countries will be differently affected by an 

increase in irrigation water prices.  

 

Irrigation does not play a prominent role in the agricultural sector of all EU countries: in fact, 

irrigation is the main source of water for agriculture only in the Mediterranean area (GR, SP, IT, 

PT), while in the other EU countries agriculture relies mostly on rain-fed agricultural systems 

(OECD, 2010b). As mentioned above, water prices in Mediterranean countries are expected to rise 

more than elsewhere in the EU in the coming years. The agricultural sectors of Mediterranean 

countries are thus expected to be the most impacted.  

 

Trade flows for the agricultural sector in the EU 

To assess the impact on competitiveness of increased water prices for the agricultural sector, it is 

important to have a look also at the related trade flows. The aim here is to understand which 

products are traded and what is the magnitude of trade flows: different product categories have in 

fact different water-use profiles –or, in other words, a different water footprint- and will therefore be 

impacted differently by increasing water prices. 

 

http://ec.europa.eu/dgs/jrc/index.cfm?id=1410&obj_id=14650&dt_code=NWS&lang=en
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Trade in both raw and processed agricultural products is only a limited share of total EU trade in 

goods with non-EU countries: in 2007, for example, this share amounted only to 6% (Figure 10.19; 

EC, 2007a). 

 

Figure 10.19 Trend in EU trade in main categories of goods in the period 1995-2007 

 
Source: European Commission, DG TRADE, 2007.  

 

Nevertheless, the EU has gained a leading exporter position in agricultural products, as it is shown 

by the comparison with the US and Brazil, the other two global major exporters of agricultural 

products (Figure 10.20; EC, 2007b). 

 

Figure 10.20 Comparison of EU, US and Brazil’s agricultural exports for the periods 1993-1995 and 2003-

2005) 

Source: EC, 2007b.  

 

Although being also a leading importer of agricultural products, in recent years the EU has become 

a net exporter, as shown in Figure 10.21 (EC, 2007b). 
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Figure 10.21 EU 15, EU 25 and EU 27 agricultural trade balance in the years 2004, 2005 and 2006 

 
Source: EC, 2007b.  

 

A better insight in the nature of agricultural exchanges outside the EU is obtained by looking at the 

type of products which are traded, as illustrated by Figure 10.22 that shows that final (processed) 

products have a predominant position in total trade.  

 

Figure 10.22 Developments in the level and composition of EU trade in agricultural products in the 

period 1993-2005 

 
Source: EC, 2007b.  

 

Figure 10.23 shows the relative shares of the top 15 agricultural products exported by the EU in 

2006 (EC, 2007b): spirits, wine and beer are the most important products, followed by other 

processed products such as animal feeding, food preparations and aromas; wheat, on the other 

hand, falls within the top 15 products but the volumes traded make up for a small part of total 

exports. This also confirms the general trend illustrated above which sees final products having a 

much larger share of total export as compared to raw commodities such as wheat. Looking at 

imports, Figure 10.24 shows that the top 2 imports are soya beans (a commodity) and soya meal 
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(an intermediate product), followed by several commodities coming mostly from developed 

countries (e.g. coffee, bananas, cocoa beans). 

 

In addition, exports are primarily directed towards developed countries, while import products are 

mainly coming from developing countries. 

 

Figure 10.23 Relative shares of the top 15 agricultural products exported by the EU in 2006 

 
Source: EC, 2007b. 

 

Figure 10.24 Relative shares of the top 15 agricultural products imported by the EU in 2006  

 
Source: EC, 2007b. 

 

The connections between these figures and the effects of rising water prices on the 

competitiveness of the EU agricultural sector will be made clearer afterwards, when such effect will 

be analysed in detail. Before that, however, it is crucial to provide an assessment of the expected 
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effects of rising water prices on the European agricultural sector, which will be the object of the 

following section. 

 

The impacts of price changes on consumption and production 

The elasticity of water demand in the agricultural sector 

As agriculture is the main focus of this competitiveness analysis, T it is crucial to get an 

understanding of the type of impact that rising water prices can have on European farmers. In this 

respect one of the main questions to be answered is whether and how price changes affect farmers 

income and, in turn, water demand. 

 

The question of whether demand for irrigation water is reactive to price changes is complex and, to 

some extent, controversial, as authors do not always agree on the matter. According to some 

authors (OECD, 1999; Rieu, 2006; in OECD, 2010b; de Fraiture and Perry, 2007), elasticity largely 

depends on price ranges: at low prices, demand is unresponsive to prices, which hence are not the 

determining factor influencing application techniques or water application technology choices. After 

a certain threshold, however, demand becomes elastic. However if the water price keeps increasing 

above a certain thresholds, it will turn inelastic again, as water quantities applied to crops get closer 

to the minimum water needed for plant growth (Figure 10.25). 

 

Figure 10.25 Agricultural water demand curve  

  
Source: de Fraiture and Perry, 2007.  

 

Besides price ranges, however, there are other conditions at which the elasticity of demand is 

generally low: for example, when the water bill accounts only for a small part of farmers’ total 

production costs or income, or when alternative crops or irrigation techniques are not available due 

to technical, social or economic constraints (Rieu, 2006, in EEA, 2009). In systems where water 

efficiency is already high, as it is often the case with high-value crops, there is no possibility of 

reducing water use, so higher prices will only affect farmers’ income (Berbel et al, 2007) – or be 

translated into increase in agricultural product prices when farmers can adapt their prices (mainly 

for products that are not the focus of a CAP-regime and are sold locally).  

 

In general, the elasticity of demand for irrigation water at current rates is low or marginal (de 

Fraiture and Perry, 2007). A study by Bos and Wolters (1990, in Molle and Merkoff, 2007) reviewed 

irrigation projects where water charges amounted to less than 10% of net farm income, and were 

found to be ‘too low to have a significant impact’. In the Duero region in Spain, where limited crop 

types are available, it was found that price increases can have an impact on water demand only if 

farmers’ income decreases by 25% to 40% (Gomez-Limon et al, 2007, in EEA, 2009). In contrast, 

in two case studies mentioned earlier, namely the Adour-Garonne RBD and Cyprus, the current 

pricing policies were not reported to have an impact on farmers’ income (Arcadis, 2011). 
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In any case, although different basins and farming systems will react differently to price increases, 

several studies predicted a severe impact of a price increase–and hence of the strict application of 

the WFD cost-recovery principle - on the European agricultural sector at a global level, especially 

for small and family farms. It was observed that, if price levels would reflect the true cost of water 

(i.e., thus including historical capital costs and external costs), the agricultural sector as a whole 

would be severely impacted (Hellegers and Perry, 2006, in Arcadis et al, 2012). For tariff increases 

ranging from 0.03 to 0.1 €/m3 considered as insufficient to achieve full cost recovery, different 

studies predicted reductions in farm income between 10% and 50% (Garrido and Calatrava, 2005, 

in Berbel et al, 2007). 

 

Moreover, as mentioned earlier, higher water prices are likely to affect farmers’ income more 

severely for crops already equipped with highly efficient irrigation systems (Berbel et al, 2007). 

 

The same author provides also two practical examples of the different effects of water prices 

depending on the type of crops grown. In the Foggia region, in Italy, farmers grow mainly high-

valued fruits and vegetables, for which excellent market channels exist. As efficient irrigation 

systems are already in place in the area, resulting in lower levels of water consumption, and the 

cultivated crops are highly profitable, the water demand curve is much more rigid, and rising 

irrigation water prices would have almost no effects on consumption but rather on farmers’ income. 

In the Duero region of Spain, in contrast, the extreme climatic conditions determined a situation 

where irrigation is used mainly to grow low-value and heavily subsidized crops: under this 

conditions, increased water prices would probably lead to a drastic reduction of water use because 

of crop shift (Berbel and Gutierrez, 2005; in Berbel et al, 2007). The behaviour of the demand curve 

in the two cases is summarized in Table 10.10. 

 

Table 10.10 Water demand characteristics in the Duero and Foggia regions () 

Duero (Northern Spain) Foggia (Southeast Italy) 

Demand disappears at 0.15 €/m
3
 Demand varies from 0 to 1.00 €/m3 

Elastic demand Inelastic demand up to 0.23 €/m3. Then, elastic 

High response to water price Low response to water price 

Source: Berbel and Gutierrez, 2005; in Berbel et al, 2007. 

 

Another way of looking at the potential impact of increasing water prices on the agricultural sector is 

to investigate the magnitude of such costs and, more significantly, the share of these costs on the 

total production costs. In this respect, the available figures at the EU27 level for cereal production 

are provided in the table below (Source: EC, 2011, based on FADN data). 

 

Table 10.11 Share of water costs in total production costs of the four main cereals produced in Europe – 

Average figures for the EU27 in the year 2010  

Cereal Water costs 

€/ha 

Total operating costs 

€/ha 

% of water costs over 

total costs 

Common wheat 1 643 0.16% 

Durum wheat 2 501 0.40% 

Barley 3 334 0.90% 

Grain Maize 41 1025 4.00% 

Source: EC, 2011, based on FADN data.  

 

At least in the cases of common wheat, durum wheat and barley, water costs are a minimum share 

of the total production costs: in these circumstances, even a 100% increase in water prices is 

unlikely to have an impact on both water demand and consumption. Maize production, in contrast, 
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relies to a much greater extent on irrigation water as a production factor, and it is therefore much 

likely to be impacted by increasing water prices. 

 

In general, however, it is extremely difficult to assess the overall potential impact of increasing 

water prices in agriculture at the broad EU level. In fact, these impacts should be better assessed 

and analysed at the scale of the individual farming region or river basin scale, so that all relevant 

local and regional circumstances can be taken into account (e.g. water use, water availability, farm 

sizes and crops grown, possible alternative crops and marketing channels, alternative water saving 

technologies or the possibility to switch to more efficient irrigation techniques - Arcadis et al, 2012). 

 

A further look: elasticity of domestic and industrial water demand 

Additional information on price elasticities of industrial and domestic demand help providing a more 

complete overview of the subject. 

 

With respect to price elasticity in the industrial sector, very few empirical studies have so far been 

conducted worldwide, often quite dated, and the variability of results often reflects diversity in price 

specifications; moreover, discontinuous tariff structures (e.g. some include a fixed access charge, 

with or without an Increasing/decreasing volumetric charge, etc.) do not lend themselves to classic 

econometric modelling techniques (Worthington, 2010). In Europe, a study conducted in south-

western France (Reynaud, 2003) showed that industrial firms are indeed responsive to water price 

inputs, and price elasticity for network water (i.e. provided) was estimated at -0.29, varying from -

0.10 and -0.79 according to the type of industry; in contrast, self-provided water price elasticity is 

not significant. The lack of extensive and recent data on price elasticities, as well as the lack of 

information on current prices and expected price increases, do not allow however for any analysis 

of the impacts of rising water prices on EU industries and their competitiveness. 

 

Although changes in domestic water prices are not expected to impact on the competitiveness of 

EU firms –they are not directed to an economic sector, but to households only- it is nevertheless 

worth mentioning domestic water price elasticities in order to provide a full picture. In this respect, 

studies conducted across Europe in the last 35 years consistently report a low responsiveness of 

demand to marginal price changes: overall, most studies estimated elasticity ranges of -0.1 / 0.25 

for yearly average demands, values which are much lower than the values reported for the 

industrial sector. In contrast, tariff structure changes (e.g. from flat to volumetric rates) seem to 

have much larger effects on water demand (OECD, 2009). 

 

At a general level, it was observed that price elasticity of demand for industrial water is significantly 

higher than domestic demand (see below), indicating a greater responsiveness of industrial 

demand for water (Worthington, 2010). This can be explained by the fact that industrial and 

domestic water demand curves are indeed quite different, as follows: 

 In the industrial sector, water is a factor input, and therefore water demand is inextricably linked 

to output and output prices, as well as the relative prices of complementary and substitutable 

factor inputs, including recycling and efficiency-improving technology; in other words, industrial 

water demand is a derived demand tied with cost minimization and factor input substitutability. 

Higher price elasticity of industrial water demand as compared to domestic demand suggests 

that in the industrial sector opportunities for substitutability (e.g. recycling) do in fact exist; 

 Among various factors which might have an effect on household water demand (e.g. price, 

income, household size, share of wells, environmental attitudes) in Germany it was observed 

that differences in prices and income alone largely explain existing gaps in water consumption 

observed in two regions (Schleich and Hillebrand, 2007). In case of increasing water prices, 

limited substitution possibilities exist (e.g. water re-use, only to some extent), and water use 
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reduction is possible only to some extent, as it might be the case with water use for gardening. 

In such a context, use reduction will largely depend on household income levels. 

 

Competitiveness impacts 

The relevant factors to be taken into account for evaluating the impacts on competitiveness can be 

summarized as follows: 

 Reliance on irrigation across the EU: Irrigation is the main source of water mainly in 

Mediterranean countries (GR, SP, IT, PT); 

 Top export products in the EU: Wine, spirits, beer, food preparations, animal feeding, aromas; 

 Top import products in the EU: Soy bean, soy meal, coffee, bananas, wine, cocoa beans; 

 Impact of rising water prices on EU farming: In the case of high-value crops (fruits and 

veggies) increased water prices are not expected to lead to a production decrease or to a shift 

to other products, as these crops are highly profitable and water use is already highly efficient; 

therefore, increased prices will mainly affect farmers’ income. In the case of low-value (and 

often subsidized) crops, higher water prices are likely to cause a shift towards other, more 

profitable crops, where investment in efficient irrigation water system can be compensated by 

higher revenues.  

 

The combination of available information on these different aspects can help drawing some 

conclusions on competitiveness.  

 

Increased water prices are likely to affect mostly the Mediterranean countries, with a much lighter 

impact on the rest of the EU. In this light, the impacts of higher prices at the overall EU levels can 

be expected to be limited. Looking at the major exported products, it can be observed that the high-

value crops needed to produce the top export goods (wine, spirits and beers) are unlikely to be 

influenced by increased water prices: the cultivation of these crops (mainly vineyards), in fact, is 

unlikely to be responsive to price changes (although the increase of irrigation water price might 

accelerate the reduction of the area of irrigated vineyards producing low quality wine), as seen 

above. Due to the high quality of European wines and spirits, however, and the limited importance 

of the costs of the raw agricultural products in the total value of these products, it is unlikely that 

their export of these products will be affected by a slight price increase. The same might also apply 

to food products, although the category is too wide to allow for specific considerations. Animal feed 

production, in contrast, might be affected by higher water price when these products are based on 

low-maize as this crop requires large volumes of water- as increased water prices might cause a 

shift from these crops to other crops used for animal feeds as well. In contrast, the production of 

some cereals, namely wheat and barley, is unlikely to be impacted, as currently water costs 

account for shares ranging between 0.16 and 0.9 % of total production costs. 

 

On the import side, most of the top import products (e.g. soy bean and meal, coffee, fruits) are not 

grown in Europe, so their trading is likely to be independent from changes in the European 

agricultural sector. In contrast, rising water prices in Europe might determine an increase in bulk 

products such as wheat, maize and rice, as their production levels can indeed be influenced by 

water prices. 

 

In general, the effects of increased water prices on competitiveness of the European agricultural 

sector at large are expected to be limited. Competitiveness issues might be limited to: 

 The production of some fruits and vegetables (competition between strawberries produced in 

Spain and in Morocco for example) when these products reach European markets at the same 

time of the year; 

 The reduction of competitiveness of some products of European Mediterranean countries 

(versus other European countries) likely to be more affected by increased irrigation water 
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prices, mainly when there is no market origin-based differentiation and products reach 

European markets at the same time of the year.  

 

Overall, and although some elements of “competitiveness issues” are listed above, it is clearly not 

possible to perform any quantitative analysis of the likely impact of water price changes on 

competitiveness. This would require a more detailed assessment (clearly out of the scope of the 

present study) accounting for the spatial location of crops/agricultural production, the existing crop 

choices of different farming systems, the existing irrigation technologies and water tariffs in different 

basins (in absolute terms and in relative terms as compared to total production costs), the existing 

competition between agricultural products in terms of origin and time periods of the year, etc.  

 

Completeness of price message 

The analysis conducted so far provided many useful elements to get an understanding of whether 

current water prices convey a complete price message or, in other words, of whether they 

adequately reflect resource scarcity and supply costs. The main messages in this respect can be 

summarized as follows: 

 Water scarcity: current water prices in the EU do not reflect water scarcity situations, as in 

most water-stressed river basins (e.g. Mediterranean countries; see Figure 10.8) water prices 

are among the lowest in Europe; 

 Supply costs: with respect to drinking water supply, it was shown that full cost recovery is 

achieved only in some EU countries (e.g. DK and DE), while in many MS this is not the case yet 

(e.g. Mediterranean countries). With respect to irrigation water provision, more detailed data 

(see Table 10.7) show that the situation varies considerably across MS: while in some countries 

(e.g. AT, DK, LV, NL, FI, UK) full cost recovery is already reached, in other countries cost 

recovery levels are variable, ranging from 4.8% in Poland to 54% in Greece; in Spain, 90% of 

O&M costs are recovered, but no information was found with respect to capital costs. 

 

Another aspect to be looked at when testing the completeness of the price message is whether 

externalities of water use are taken into account. The externalities of water use are reflected either 

in two cost components: 

 Opportunity cost (or resource cost) involved in water allocation choices, which could be 

reflected in water abstraction charges. As previously shown, such abstraction charges (or taxes) 

are set at very low absolute levels and in as percentage of the total water price, this suggests 

that resource costs are clearly not adequately represented in the overall price; 

 Polluting activities (e.g. pesticides and fertilizers in agriculture) implies additional although 

often “hidden” costs, which can be represented as the costs of de-pollution. In Europe, this type 

of costs are often “internalized” through pollution taxes and charges, existing in most EU 

countries. In some cases, such charges are already included in water tariffs (e.g. DK, FR, ES), 

while in other cases they are levied separately; they can be associated with fines for non-

compliance, when charges are associated to permits and/or thresholds (OECD, 2010a). The 

existing pollution charges and taxes, however, are clearly not high enough in particular for 

agriculture (that is often exempted from such charges/taxes for diffuse pollution) that remains a 

significant (diffuse) polluter.  

 

 





 

 

349 Mapping resource prices: the past and the future 

 

References 

 ACTeon (2009) Which role for economic instruments in the management of water resources in 

Europe? In search of innovative ideas for application in the Netherlands. Final Report – Study 

undertaken for the Ministry of Transport, Public Works and Water Management, the 

Netherlands; 

 Agence de l’Eau Seine-Normandie, 2004. Mise à jour de la récupération des coûts. Document 

d’accompagnement n°2 du SDAGE Bassin Seine et cours d’eau côtiers normands; 

 Aker Solutions Australia (2010) Mindoro Nickel definite feasibility study - Section 17: Market and 

Marketing, http://www.intexresources.com/_upl/6_-_market_&_marketing_-_february_2010.pdf;  

 AluminiumLeader (2012) Construction Sector, 

http://www.aluminiumleader.com/en/around/construction/;  

 Arcadis, InterSus, Fresh Thoughts, Ecologic, Typsa (2012) The role of water pricing and water 

allocation in agriculture in delivering sustainable water use in Europe – Final Report, 

commissioned by the European Commission, Directorate-General Environment; 

 AT Kearney (2010) Steel’s Challenge, http://www.atkearney.com/documents/10192/769de382-

6ffe-49a6-aad5-ac2e7ae5da3d;  

 Australian Aluminium Council Ltd (2010) Transport, http://aluminium.org.au/transport; 

 Author unknown (2011) Concerns grow over fluorspar shortage, Sealing Technology 7, 5-6; 

 Badkar, M. (2012) China's Rare Earth Export Restrictions Might Be Violating International Trade 

Rules, Business Insider, 13th March 2012, http://articles.businessinsider.com/2012-03-

13/markets/31158511_1_rare-earths-wto-export; 

 Barraqué, B. 2003. “Past and future of water policies in Europe”. Natural Resource Forum 27 

(2003) 200-211; 

 Berbel, J., J. Calatrava and A. Garrido (2007) Water pricing and irrigation: a review of the 

European experience, in: Molle, F. and J. Berkoff (eds.) Irrigation Water Pricing, Chapter 13 - 

CAB International; 

 Berezowsky, T. (2012) Graphite Supply - All Set to Go the Way of Rare Earths?, MetalMiner 

25th June 2012, http://agmetalminer.com/2012/06/25/graphite-supply-all-set-to-go-the-way-of-

rare-earths/; 

 Bialik, C. (2011) How Do You Get to 7 Billion People? The Wall Street Journal, 22nd October, 

2011, http://online.wsj.com/article/SB10001424052970204485304576643013762503654.html;  

 Bielitza and Lingstädt (2011) Prospects for the 2020 iron ore market: how Europe should 

prepare, Center for Strategic Business Wargaming, University Karlsruhe, 

http://wargaming.ibu.uni-karlsruhe.de/sites/default/files/publications/111201_qism_12_2011_-

_prospects_for_the_2020_iron_ore_market_2.pdf;  

 Blodgett, S. (2004) Environmental Impacts of Aggregate and Stone Mining New Mexico, Case 

study prepared by Center for Science in Public Participation, 

http://www.csp2.org/reports/Environmental%20Impacts%20of%20Aggregate%20and%20Stone

%20Mining%20in%20New%20Mexico%20-%20Jan04.pdf;  

 Bloomberg (2010) China Cuts Rare Earth Export Quota 72%, May Spark Trade Dispute With 

U.S., Bloomberg News, 9th July 2010, http://www.bloomberg.com/news/2010-07-09/china-

reduces-rare-earth-export-quota-by-72-in-second-half-lynas-says.html;  

 Bloomsbury Mineral Economics (2010) BME nickel market case study: using mathematical 

models to sharpen thinking and to de‐personalise debate on metal prices, 

http://www.bloomsburyminerals.com/presentations/NiPresentation.pdf;  

http://www.intexresources.com/_upl/6_-_market_&_marketing_-_february_2010.pdf
http://www.aluminiumleader.com/en/around/construction/
http://www.atkearney.com/documents/10192/769de382-6ffe-49a6-aad5-ac2e7ae5da3d
http://www.atkearney.com/documents/10192/769de382-6ffe-49a6-aad5-ac2e7ae5da3d
http://online.wsj.com/article/SB10001424052970204485304576643013762503654.html
http://wargaming.ibu.uni-karlsruhe.de/sites/default/files/publications/111201_qism_12_2011_-_prospects_for_the_2020_iron_ore_market_2.pdf
http://wargaming.ibu.uni-karlsruhe.de/sites/default/files/publications/111201_qism_12_2011_-_prospects_for_the_2020_iron_ore_market_2.pdf
http://www.csp2.org/reports/Environmental%20Impacts%20of%20Aggregate%20and%20Stone%20Mining%20in%20New%20Mexico%20-%20Jan04.pdf
http://www.csp2.org/reports/Environmental%20Impacts%20of%20Aggregate%20and%20Stone%20Mining%20in%20New%20Mexico%20-%20Jan04.pdf
http://www.bloomberg.com/news/2010-07-09/china-reduces-rare-earth-export-quota-by-72-in-second-half-lynas-says.html
http://www.bloomberg.com/news/2010-07-09/china-reduces-rare-earth-export-quota-by-72-in-second-half-lynas-says.html
http://www.bloomsburyminerals.com/presentations/NiPresentation.pdf


 

 

350 Mapping resource prices: the past and the future 

 

 

 Bolinger, M. and R. Wiser (2011) Understanding Trends in wind turbine prices over the past 

decade, Lawrence Berkeley National Laboratory, Environmental Energy Technologies Division, 

http://eetd.lbl.gov/ea/ems/reports/lbnl-5119e.pdf;  

 Bommelaer, O. and J. Devaux (2011) Etudes et documents – Coûts des principales pollutions 

agricoles de l’eau, Commissariat général au développement durable – Economie et évaluation, 

n° 52, Septembre 2011; 

 Bostock, J., B. McAndrew, R. Richards, K. Jauncey, T. Telfer, K. Lorenzen, D. Little, L. Ross, N. 

Handisyde, I. Gatward, and R. Corner (2010) Aquaculture: global status and trends, 

Philosophical Transactions of the Royal Society B 365, 2897-2912; 

 Boston Consulting Group (2009) Sustainable Steelmaking: Meeting today’s challenges, forging 

tomorrow’s solutions, http://www.thebostonconsultinggroup.es/documents/file23237.pdf;  

 Bradsher, K. (2010) China Restarts Rare Earth Shipments to Japan, The New York Times, 19th 

November 2010, http://www.nytimes.com/2010/11/20/business/global/20rare.html;  

 British Columbia Geological Survey (2009) World fluorspar resources, market and deposit 

examples from British Columbia, Information circular 2009-4, 

http://www.empr.gov.bc.ca/Mining/Geoscience/PublicationsCatalogue/InformationCirculars/Doc

uments/IC2009-4.pdf;  

 British Environment Agency (2011) Study into the feasibility of protecting and recovering critical 

raw materials through infrastructure development in the south east of England, 

http://www.environment-agency.gov.uk/static/documents/Business/EPOW-recovering-critical-

raw-materials-T5v2.pdf;  

 British Geological Survey (2007) Copper Profile, www.bgs.ac.uk/downloads/start.cfm?id=1410;  

 British Geological Survey (2009) Cobalt Profile, www.bgs.ac.uk/downloads/start.cfm?id=1400;  

 British Geological Survey (2011) European Mineral Statistics 2005-2009, 

http://www.bgs.ac.uk/mineralsuk/statistics/europeanStatistics.html;  

 British Geological Survey (2011) Fluorspar, www.bgs.ac.uk/downloads/start.cfm?id=1357;  

 British Geological Survey (2011) Rare Earth Elements Profile, 

www.bgs.ac.uk/downloads/start.cfm?id=1638;  

 British Geological Survey (2011) Risk List 2011, www.bgs.ac.uk/downloads/start.cfm?id=2063;  

 British Geological Survey (2012) European Mineral Statistics 2006-2010, 

http://www.bgs.ac.uk/mineralsuk/statistics/europeanStatistics.html;  

 British Geological Survey (2012) World Mineral Production 2006-2010, 

http://www.bgs.ac.uk/mineralsuk/statistics/worldStatistics.html;  

 British Houses of Parliament (2011) Rare Earth Metals, Postnote No. 368;  

 Brunazzo, B. (2010) Demand for Lithium-Ion Batteries in Europe Will Reach 490,000 Units in 

2015 - What are the Opportunities and Challenges for Manufacturers in Europe?, Frost & 

Sullivan, 27th January 2010, http://www.frost.com/prod/servlet/market-insight-

top.pag?docid=190743205;  

 Brunetti, C. and C.L. Gilbert (1995) Metals price volatility, 1972-95, Resources Policy 21, 237-

254;  

 Burns, S. (2009) Cost Build Up Model for Primary Aluminum Ingot Production, MetalMiner: 

Sourcing & Trading Intelligence for Global Metals Markets, 27th February 2009, 

http://agmetalminer.com/2009/02/27/cost-build-up-model-for-primary-aluminum-ingot-

production/;  

 Canada Fluorspar Inc. (2011) Canada Fluorspar Announces Positive Preliminary Feasibility 

Study for its St. Lawrence, Newfoundland Fluorspar Project, 

http://www.canadafluorspar.com/pdf/Canada_Fluorspar_Final_Copy_of_Press_Release_May_1

1_2011_CLEAN.pdf;  

 Chinese Ministry of Commerce (2011) China will continue to improve regulation of rare earth 

exports, 

http://eetd.lbl.gov/ea/ems/reports/lbnl-5119e.pdf
http://www.thebostonconsultinggroup.es/documents/file23237.pdf
http://www.nytimes.com/2010/11/20/business/global/20rare.html
http://www.empr.gov.bc.ca/Mining/Geoscience/PublicationsCatalogue/InformationCirculars/Documents/IC2009-4.pdf
http://www.empr.gov.bc.ca/Mining/Geoscience/PublicationsCatalogue/InformationCirculars/Documents/IC2009-4.pdf
http://www.environment-agency.gov.uk/static/documents/Business/EPOW-recovering-critical-raw-materials-T5v2.pdf
http://www.environment-agency.gov.uk/static/documents/Business/EPOW-recovering-critical-raw-materials-T5v2.pdf
http://www.bgs.ac.uk/downloads/start.cfm?id=1410
http://www.bgs.ac.uk/downloads/start.cfm?id=1400
http://www.bgs.ac.uk/mineralsuk/statistics/europeanStatistics.html
http://www.bgs.ac.uk/downloads/start.cfm?id=1357
http://www.bgs.ac.uk/downloads/start.cfm?id=1638
http://www.bgs.ac.uk/downloads/start.cfm?id=2063
http://www.bgs.ac.uk/mineralsuk/statistics/europeanStatistics.html
http://www.bgs.ac.uk/mineralsuk/statistics/worldStatistics.html
http://www.frost.com/prod/servlet/market-insight-top.pag?docid=190743205
http://www.frost.com/prod/servlet/market-insight-top.pag?docid=190743205
http://agmetalminer.com/2009/02/27/cost-build-up-model-for-primary-aluminum-ingot-production/
http://agmetalminer.com/2009/02/27/cost-build-up-model-for-primary-aluminum-ingot-production/
http://www.canadafluorspar.com/pdf/Canada_Fluorspar_Final_Copy_of_Press_Release_May_11_2011_CLEAN.pdf
http://www.canadafluorspar.com/pdf/Canada_Fluorspar_Final_Copy_of_Press_Release_May_11_2011_CLEAN.pdf


 

 

351 Mapping resource prices: the past and the future 

 

http://english.mofcom.gov.cn/aarticle/counselorsreport/europereport/201107/20110707636529.h

tml;  

 Committee for Climate Change (2011) Costs of low-carbon generation technologies, 

http://hmccc.s3.amazonaws.com/Renewables%20Review/MML%20final%20report%20for%20C

CC%209%20may%202011.pdf;  

 Cooper, C. (2011) at the Graphite 2011 conference in London, seen in: The Critical Metals 

Report (2012) Graphite and rare earth metals for the 21st Century: Jack Lifton, 7th February, 

2012, http://www.mining.com/graphite-and-rare-earth-metals-for-the-21st-century-jack-lifton/;  

 Cordell, D. (2008) The Story of Phosphorus: 8 reasons why we need to rethink the management 

of phosphorus resources in the global food system, http://phosphorusfutures.net/why-

phosphorus;  

 Cordell, D. and S. White (2011) Peak Phosphorus: Clarifying the Key Issues of a Vigorous 

Debate about Long-Term Phosphorus Security, Sustainability 3, 2027-2049;  

 Council of the European Union (2011) Conclusions on a competitive European economy: 

Industrial competitiveness in the light of resource efficiency. 3113th COMPETITIVENESS 

(Internal Market, Industry, Research and Space), Council meeting Brussels, 29th September 

2011;  

 Crowson, P. (2006) Mineral Markets, Prices and the Recent Performance of the Minerals and 

Energy Sector, in: Maxwell, P. (ed.) Australian Mineral Economics, A Survey of Important 

Issues, Monograph 24, Carlton, Victoria: Australasian Institute of Mining and Metallurgy, 59-74; 

 Cunha Marques, R., 2010. “Regulation of water and wastewater services – An international 

comparison”. IWA Publishing, UK; 

 Davis, G. (2009) Trade in Mineral Resources. Background Paper to the 2010 World Trade 

Report, http://www.wto.org/english/res_e/reser_e/ersd201001_e.pdf;  

 Dawson, C.J. and Hilton, J. (2011) Fertiliser availability in a resource- limited world: production 

and recycling of nitrogen and phosphorus. Food Policy, 36, S14-S22;  

 de Fraiture, C. and C.J. Perry (2007) Why is agricultural water demand unresponsive at low 

price ranges?, in: Molle, F. and J. Berkoff (eds.) Irrigation Water Pricing, Chapter 3 - CAB 

International; 

 De Roo, A., F. Bouraoui, P.A. Burek, B. Bisselink, I. Vandecasteele, S. Mubareka, P. Salamon, 

M. Pastori, H. Zambrano, V. Thiemig, A. Bianchi and C. Lavalle (2012) Current water resources 

in Europe and Africa – Matching water supply and water demand, Publication office of the 

European Union, Publication No. JRC69423, 

http://publications.jrc.ec.europa.eu/repository/handle/111111111/23129 - Figures also available 

at http://ec.europa.eu/dgs/jrc/index.cfm?id=1410&obj_id=14650&dt_code=NWS&lang=en;  

 Delaney, K. (2011) Challenges facing the rare earth industry 2011 – 2020. Presentation at the 

26th Rare Earth Research conference, 19th June, 2011, Santa Fee;  

 Delgado, C.L., N. Wada, M.W. Rosegrant, S. Meijer and A. Mahfuzuddin (2003) Fish to 2020: 

supply and demand in global changing markets, The World Fish Center;  

 Economist (2010) Dirty Business, 30th September 2010, 

http://www.economist.com/node/17155730;  

 Ecorys (2009) Competitiveness of the EU Aerospace industry, commissioned by the European 

Commission, Directorate-General Enterprise & Industry;  

 Ecorys (2010) Non-ferrous metals study, commissioned by the European Commission, 

Directorate-General Enterprise & Industry; 

 Ecorys (2011) Competitiveness of the EU non-ferrous metals industries, commissioned by the 

European Commission, Directorate-General Enterprise & Industry; 

 Ecorys (2011) Study on the competitiveness of the European Companies and Resource 

Efficiency, commissioned by the European Commission, Directorate-General Enterprise & 

Industry; 

http://english.mofcom.gov.cn/aarticle/counselorsreport/europereport/201107/20110707636529.html
http://english.mofcom.gov.cn/aarticle/counselorsreport/europereport/201107/20110707636529.html
http://hmccc.s3.amazonaws.com/Renewables%20Review/MML%20final%20report%20for%20CCC%209%20may%202011.pdf
http://hmccc.s3.amazonaws.com/Renewables%20Review/MML%20final%20report%20for%20CCC%209%20may%202011.pdf
http://www.mining.com/graphite-and-rare-earth-metals-for-the-21st-century-jack-lifton/
http://phosphorusfutures.net/why-phosphorus
http://phosphorusfutures.net/why-phosphorus
http://www.wto.org/english/res_e/reser_e/ersd201001_e.pdf
http://ec.europa.eu/dgs/jrc/index.cfm?id=1410&obj_id=14650&dt_code=NWS&lang=en
http://www.economist.com/node/17155730


 

 

352 Mapping resource prices: the past and the future 

 

 

 Ecorys (2011) The role of market based instruments in achieving a resource efficient economy, 

commissioned by the European Commission, Directorate-General Environment; 

 Ecorys (2012) Current State and Future Challenges of Europe’s waters, commissioned by the 

European Parliament; 

 Ernst & Young (2010) Rare Earth Elements: Opportunities and challenges; 

 EurActiv (2009) Biofuels, Trade and Sustainability, http://www.euractiv.com/trade/biofuels-trade-

sustainability-linksdossier-188459;  

 European Automobile Manufacturers Association (2010) Auto industry concerned by price hike 

in iron ore, http://www.acea.be/images/uploads/files/20100331_PR_PDF.pdf;  

 European Central Bank (2012) Oil price, 

http://sdw.ecb.europa.eu/browseTable.do?node=2120782&start=&end=&trans=N&vf=&q=&type

=&dvfreq=M;  

 European Commission (2001) Commission fines eight companies in graphite electrode cartel, 

IP/01/1010. Brussels, 18 July, 2001, 

http://europa.eu/rapid/pressReleasesAction.do?reference=IP/01/1010&format=HTML&aged=0&l

anguage=EN&guiLanguage=en;  

 European Commission (2007a) EU Trade in Agriculture, DG AGRI Report, 

http://trade.ec.europa.eu/doclib/docs/2006/june/tradoc_129093.pdf;  

 European Commission (2007b) MAP - Monitoring Agri-trade Policy, DG AGRI Newsletter; 

 European Commission (2008) An EU energy security and solidarity action plan, COM(2008) 

781 final; 

 European Commission (2008) The raw materials initiative - meeting our critical needs for growth 

and jobs in Europe, SEC(2008) 2741; 

 European Commission (2010) Annex V to the Report of the Ad-hoc Working Group on defining 

critical raw materials; 

 European Commission (2010) Fisheries Statistics, http://ec.europa.eu/trade/creating-

opportunities/economic-sectors/fisheries/statistics/ (Last update December 2010, last visit 

15/6/2012); 

 European Commission (2010) Report of the Ad-hoc Working Group on defining critical raw 

materials; 

 European Commission (2011) Agricultural commodity markets outlook 2011-2020, 

http://ec.europa.eu/agriculture/analysis/tradepol/worldmarkets/outlook/2011_2020_en.pdf;  

 European Commission (2011) Analysis associated with the Roadmap to a Resource Efficient 

Europe: Part I. SEC(2011) 1067 final;  

 European Commission (2011) EU cereal farms report 2011 based on FADN data, European 

Union, Agriculture and Rural Development; 

 European Commission (2011) European Competitiveness Report, Ch4 Access to non-energy 

raw materials and the competitiveness of EU industry; 

 European Commission (2011) Tackling the challenges in commodity markets and on raw 

materials; 

 European Commission (2012) Facts and figures on the Common Fisheries Policy – Basic 

statistical data; 

 European Confederation of Iron and Steel Industries (2012) Transport, 

http://www.eurofer.org/index.php/eng/Issues-Positions/Transport;  

 European Environment Agency (2003) Indicator Fact Sheet – (WQ05) Water Prices, 

http://www.eea.europa.eu/data-and-maps/indicators/water-prices;  

 European Environment Agency (2008) Effectiveness of environmental taxes and charges for 

managing sand, gravel and rock extraction in selected EU countries;  

 European Environment Agency (2009) Water resources across Europe: confronting water 

scarcity and drought, EEA Report No. 2/2009;  

http://www.euractiv.com/trade/biofuels-trade-sustainability-linksdossier-188459
http://www.euractiv.com/trade/biofuels-trade-sustainability-linksdossier-188459
http://www.acea.be/images/uploads/files/20100331_PR_PDF.pdf
http://sdw.ecb.europa.eu/browseTable.do?node=2120782&start=&end=&trans=N&vf=&q=&type=&dvfreq=M
http://sdw.ecb.europa.eu/browseTable.do?node=2120782&start=&end=&trans=N&vf=&q=&type=&dvfreq=M
http://europa.eu/rapid/pressReleasesAction.do?reference=IP/01/1010&format=HTML&aged=0&language=EN&guiLanguage=en
http://europa.eu/rapid/pressReleasesAction.do?reference=IP/01/1010&format=HTML&aged=0&language=EN&guiLanguage=en
http://trade.ec.europa.eu/doclib/docs/2006/june/tradoc_129093.pdf
http://ec.europa.eu/agriculture/analysis/tradepol/worldmarkets/outlook/2011_2020_en.pdf
http://www.eurofer.org/index.php/eng/Issues-Positions/Transport
http://www.eea.europa.eu/data-and-maps/indicators/water-prices


 

 

353 Mapping resource prices: the past and the future 

 

 European Photovoltaic Industry Association (2012) Global Market Outlook for Solar 

Photovoltaics to 2016, http://files.epia.org/files/Global-Market-Outlook-2016.pdf;  

 European Wind Energy Association (2009) Pure power: wind power targets for 2020 and 2030, 

http://www.ewea.org/fileadmin/ewea_documents/documents/publications/reports/Pure_Power_

Full_Report.pdf;  

 European Wind Energy Association (2009) The economics of wind energy, 

http://www.ewea.org/fileadmin/ewea_documents/documents/00_POLICY_document/Economics

_of_Wind_Energy__March_2009_.pdf;  

 Eurostat (2011) Fertiliser consumption and nutrient balance statistics, 

http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Fertiliser_consumption_and_nut

rient_balance_statistics;  

 Evenett S.J. and Jenny F. (2011) Trade, competition, and the pricing of commodities. 

Washington D.C.: Center for Economic Policy Research, 

www.iadb.org/intal/intalcdi/PE/2012/09736.pdf;  

 Farchy, J. (2011) LME rule disappoints aluminium consumers, Financial Times, 15th July 2011, 

http://www.ft.com/intl/cms/s/0/6ffc3174-af02-11e0-bb89-00144feabdc0.html#axzz1pZyHy4rs;  

 Figuerola-Ferreti, I. and C.L. Gilbert (2001) Has futures trading affected the volatility of 

aluminium transaction prices?, Working Paper No. 432, Department of Economics, University of 

London; 

 Fishmeal Information Network (FIN) (2010) Fishmeal and fish oil facts and figures, 

http://www.gafta.com/fin/index.php?pge_id=8 (Last update September 2010; last visit 

15/6/2012);  

 Fleming, N.R. (2011) Metal Price Volatility: A Study of Informative Metrics and the Volatility 

Mitigating Effects of Recycling, Master Thesis at Massachusetts Institute of Technology, 

http://msl.mit.edu/theses/Fleming_N-thesis.pdf;  

 Food and Agriculture Organization of the United Nations (2009) Impact of rising feed ingredient 

prices on aquafeeds and aquaculture production, FAO Fisheries and Aquaculture Technical 

Paper No. 541;  

 Food and Agriculture Organization of the United Nations (2010) Fact sheet: The international 

fish trade and world fisheries; 

 Food and Agriculture Organization of the United Nations (2007) Future prospects for fish and 

fishery products – 4. Fish consumption in the European Union in 2015 and 2030 – Part 1. 

European overview, FAO Fisheries circular No. 972/4, Part 1; 

 Food and Agriculture Organization of the United Nations (2008) The State of Food and 

Agriculture 2008: Biofuels: prospects, risks and opportunities; 

 Forest Stewardship Council (2012), http://www.fsc.org/;  

 Fraunhofer Institute for Systems and Innovation Research ISI and Institute for Futures Studies 

and Technology Assessment IZT (2009) Raw materials for emerging Technologies; Final report, 

commissioned by the German Federal Ministry of Economics and Technology; 

 Garrido, A., D. Rey and J. Calatrava (2012) Water trading in Spain, in: de Stefano, L. and M.R. 

Llamas (eds.) Water, Agriculture and the Environment in Spain: can we square the circle? 

Taylor and Francis; 

 Garzon, A. and P. Strosser (2012) Water Scarcity and Drought Policy in the EU: Gap Analysis – 

Inception report, ACTeon and partners for the European Commission, Directorate-General 

Environment; 

 Gil, L. (2009) China to cut export tax to zero as part of stimulus, DailyFX Research, 9th March 

2009; 

 Globefish (2010) Fishmeal market reports: January 2010 and March 2010, 

http://www.globefish.org/fishmeal-january-2010.html and http://www.globefish.org/fishmeal-

market-report-march-2010.html;  

http://files.epia.org/files/Global-Market-Outlook-2016.pdf
http://www.ewea.org/fileadmin/ewea_documents/documents/publications/reports/Pure_Power_Full_Report.pdf
http://www.ewea.org/fileadmin/ewea_documents/documents/publications/reports/Pure_Power_Full_Report.pdf
http://www.ewea.org/fileadmin/ewea_documents/documents/00_POLICY_document/Economics_of_Wind_Energy__March_2009_.pdf
http://www.ewea.org/fileadmin/ewea_documents/documents/00_POLICY_document/Economics_of_Wind_Energy__March_2009_.pdf
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Fertiliser_consumption_and_nutrient_balance_statistics
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Fertiliser_consumption_and_nutrient_balance_statistics
http://www.iadb.org/intal/intalcdi/PE/2012/09736.pdf
http://www.ft.com/intl/cms/s/0/6ffc3174-af02-11e0-bb89-00144feabdc0.html#axzz1pZyHy4rs
http://msl.mit.edu/theses/Fleming_N-thesis.pdf
http://www.fsc.org/
http://www.globefish.org/fishmeal-market-report-march-2010.html
http://www.globefish.org/fishmeal-market-report-march-2010.html


 

 

354 Mapping resource prices: the past and the future 

 

 

 Golden Gate Weather Services (2012) El Niño and La Niña Years and Intensities, 

http://ggweather.com/enso/oni.htm (Last update 7/6/2012; last visit 14/6/2012); 

 Graphite One Resources (2012) Graphite 101, 

http://graphiteoneresources.com/investors/graphite_101/;  

 Hart, C.E. (2005)Ethanol Revisited, Iowa Agricultural Review 11, 6-7; 

 Heffer, P., M. Prud’homme, B. Muirhead, and K. Isherwood (2006) Phosphorus fertilisation: 

issues and outlook, Proceedings International Fertiliser Society 586; 

 Henniges, O. and J. Zeddies (2006) Bioenergy in Europe: Experiences and Prospects in 

Bioenergy and Agriculture: Promises and Challenges, International Food Policy Research 

Institute, Focus 14, Brief 9; 

 Higgins, L.M., H.L. Bryant, J.L. Outlaw, and J.W. (2006) Ethanol Pricing: Explanations and 

Interrelationships, Selected Paper prepared for presentation at the Southern Agricultural 

Economics Association Annual Meetings Orlando, Florida, 5th-8th February, 2006; 

 IEEP et al. (2007) Reforming environmentally harmful subsidies. Final report to the European 

Commission’s DG Environment, March 2007; 

 IHS (2012) Emerging Energy Research, http://www.emerging-energy.com/;  

 IIEP, Ecologic Institute, ACTeon (2008) Potential impacts of desalination development on 

energy consumption, DG Environment Study Contract #0737/2007/486641/EUT/D2;  

 Industrial Minerals (2012) Graphite, 

http://www.indmin.com/MarketTracker/197195/Graphite.html?id=GT-C;  

 International Aluminium Institute (2012) Transport Improving Sustainability in the Transport 

Sector Through Weight Reduction and the Application of Aluminium, http://www.world-

aluminium.org/cache/fl0000172.pdf;  

 International Aluminium Institute, European Aluminium Association and Organisation of 

European Aluminium Refiners and Remelters (2009) Global Aluminium Recycling: A 

Cornerstone of Sustainable Development, http://www.world-

aluminium.org/media/filer/2012/06/12/fl0000181.pdf;  

 International Copper Study Group (2010) Recyclables Survey; 

 International Copper Study Group (2012) World refined copper production and usage trends, 

http://www.icsg.org/images/stories/table1.pdf;  

 International Energy Agency (2011) Technology Roadmap: Biofuels for Transport;  

 International Fertilizer Development Center (2010) World Phosphate Rock Reserves and 

Resources; 

 International Fertilizer Industry Association (2012) Statistics, 

statistics.http://www.fertilizer.org/ifa/HomePage/STATISTICS/Production-and-trade; 

 Jackson, A. (2011) The future of fishmeal and fish oil in aquaculture diets, International 

Fishmeal and Fish Oil Organization, Presentation at the Institute of Aquaculture, September 

2011; 

 Jacobs Securities Inc. (2011) Rare Earth Economic War, 

http://research.jacobsecurities.com/wp-content/uploads/2011/10/Rare-Earths-Economic-War-

Oct-17-2011-JSI.pdf;  

 Kolesnikova, M. and A. Troszkiewicz (2012) Aluminum Warehouse Orders, Premiums Signal 

Scarcity of Metal, Bloomberg News, 16th April 2012, http://www.businessweek.com/news/2012-

04-16/aluminum-warehouse-orders-premiums-signal-scarcity-of-metal;  

 Larsen, K. (2009) End-of-life PV: then what? - Recycling solar PV panels, Renewable Energy 

Focus, 3rd August, 2009, http://www.renewableenergyfocus.com/view/3005/end-of-life-pv-then-

what-recycling-solar-pv-panels/;  

 Macdonald, A. (2011) Rio Tinto forecasts surge in world demand for refined copper, The 

Australian, 9th September, 2011, http://www.theaustralian.com.au/business/mining-energy/rio-

tinto-forecasts-surge-in-world-demand-for-refined-copper/story-e6frg9df-1226132964025;  

http://graphiteoneresources.com/investors/graphite_101/
http://www.emerging-energy.com/
http://www.indmin.com/MarketTracker/197195/Graphite.html?id=GT-C
http://www.world-aluminium.org/cache/fl0000172.pdf
http://www.world-aluminium.org/cache/fl0000172.pdf
http://www.world-aluminium.org/media/filer/2012/06/12/fl0000181.pdf
http://www.world-aluminium.org/media/filer/2012/06/12/fl0000181.pdf
http://www.icsg.org/images/stories/table1.pdf
http://research.jacobsecurities.com/wp-content/uploads/2011/10/Rare-Earths-Economic-War-Oct-17-2011-JSI.pdf
http://research.jacobsecurities.com/wp-content/uploads/2011/10/Rare-Earths-Economic-War-Oct-17-2011-JSI.pdf
http://www.businessweek.com/news/2012-04-16/aluminum-warehouse-orders-premiums-signal-scarcity-of-metal
http://www.businessweek.com/news/2012-04-16/aluminum-warehouse-orders-premiums-signal-scarcity-of-metal
http://www.renewableenergyfocus.com/view/3005/end-of-life-pv-then-what-recycling-solar-pv-panels/
http://www.renewableenergyfocus.com/view/3005/end-of-life-pv-then-what-recycling-solar-pv-panels/
http://www.theaustralian.com.au/business/mining-energy/rio-tinto-forecasts-surge-in-world-demand-for-refined-copper/story-e6frg9df-1226132964025
http://www.theaustralian.com.au/business/mining-energy/rio-tinto-forecasts-surge-in-world-demand-for-refined-copper/story-e6frg9df-1226132964025


 

 

355 Mapping resource prices: the past and the future 

 

 Mackie Research (2011) 2011 Rare earth industry update: we remain bullish, 

http://www.ggg.gl/userfiles/file/Broker_Research_Reports/Rare_Earth_Mackie_Industry_Update

.pdf; 

 Malik, R.P.S., 2008. “Towards a common methodology for measuring irrigation subsidies – 

Discussion paper”. Prepared for the Global Subsidies Initiative of the International Institute for 

Sustainable Development; 

 Martin, R. (2011) Why current population growth is costing us the Earth. The Guardian, 23rd 

October, http://www.guardian.co.uk/environment/2011/oct/23/why-population-growth-costs-the-

earth-roger; 

 McKinsey Resource Revolution (2011) Meeting the world’s energy, materials, food, and water 

needs; 

 Metalprices.com (2012) http://www.metalprices.com/;  

 Molle, F. and J. Berkoff (2007) Water pricing in irrigation: mapping the debate in the light of 

experience, in: Molle, F. and J. Berkoff (eds.) Irrigation Water Pricing, Chapter 2 - CAB 

International; 

 Möller-Gulland, M. and M. Lago (2011) WP3 Ex-post Case Studies – Water abstraction charges 

and compensation payments in Baden-Württemberg (Germany), EPI-Water Deliverable No. 

D3.1 – Review report. Prepared under contract from the European Commission, Grant 

Agreement No. 265213 – FP7 Environment; 

 Moores, S. (2007) China draws in the West, Industrial Minerals 481, 38-51; 

 National Research Council of the National Academies (2007) Minerals, critical minerals, and the 

U.S. economy, http://www.nma.org/pdf/101606_nrc_study.pdf;  

 NUS Consulting Group (2006) 2005-2006 International Water Report and Cost survey, 

http://www.vewin.nl/SiteCollectionDocuments/Nieuws%202007/2006WaterSurvey-NUS.pdf;  

 OECD, 2002. “Social protection in urban water sector in OECD countries”. Report by Smet, H., 

in the context of: Consumer protection and public participation in the reforms of the urban water 

supply and sanitation in the NIS – Expert workshop;  

 OECD (2009) Managing water for all, OECD Publishing; 

 OECD (2010) Materials Case Study 2: Aluminium, OECD Global Forum on Environment 

focusing on Sustainable Materials Management, 25th -27th October 2010, Mechelen, Belgium;  

 OECD (2010a) Pricing water resources and water and sanitation services, OECD Publishing; 

 OECD (2010b) Sustainable management of water resources in agriculture, OECD Publishing;  

 OECD, 2010. “Agricultural Water Pricing: EU and Mexico”. OECD Publishing; 

 OECD-FAO (2011) OECD-FAO Agricultural Outlook 2011-2020, 

http://dx.doi.org/10.1787/agr_outlook-2011-en;  

 OECD-FAO (2012) Agricultural outlook 2012-2021, http://www.oecd-ilibrary.org/agriculture-and-

food/oecd-fao-agricultural-outlook-2012_agr_outlook-2012-en;  

 Open PV Project (2012) Database, http://openpv.nrel.gov/search; 

 Pires, A. and R. Schechtman (2010) International Biofuels Policies, 

http://sugarcane.org/resource-library/books/International%20Biofuels%20Policy.pdf;  

 Pirrong, C. (2011) Commodity Price Dynamics: A Structural Approach, New York: Cambridge 

University Press; 

 POLINARES Consortium (2012) Fact Sheet: Indium, POLINARES working paper n. 39; 

 Poly Fluoro Ltd.(2011) The various forms of Sliding Bearings, 24th May, 2011, 

http://polyfluoroltd.blogspot.nl/2011_05_01_archive.html;  

 PR Newswire (2012) SMG Indium Resources Ltd. Marks One Year Anniversary, 

http://www.prnewswire.com/news-releases/smg-indium-resources-ltd-marks-one-year-

anniversary-150590115.html;  

 Prud’homme, M. and P. Heffer (2010) Fertilizer Outlook 2010 - 2014, International Fertilizer 

Industry Association, http://www.fertilizer.org/ifa/content/view/full/8873/(offset)/10;  

http://www.ggg.gl/userfiles/file/Broker_Research_Reports/Rare_Earth_Mackie_Industry_Update.pdf
http://www.ggg.gl/userfiles/file/Broker_Research_Reports/Rare_Earth_Mackie_Industry_Update.pdf
http://www.guardian.co.uk/environment/2011/oct/23/why-population-growth-costs-the-earth-roger
http://www.guardian.co.uk/environment/2011/oct/23/why-population-growth-costs-the-earth-roger
http://www.metalprices.com/
http://www.nma.org/pdf/101606_nrc_study.pdf
http://www.vewin.nl/SiteCollectionDocuments/Nieuws%202007/2006WaterSurvey-NUS.pdf
http://dx.doi.org/10.1787/agr_outlook-2011-en
http://www.oecd-ilibrary.org/agriculture-and-food/oecd-fao-agricultural-outlook-2012_agr_outlook-2012-en
http://www.oecd-ilibrary.org/agriculture-and-food/oecd-fao-agricultural-outlook-2012_agr_outlook-2012-en
http://sugarcane.org/resource-library/books/International%20Biofuels%20Policy.pdf
http://polyfluoroltd.blogspot.nl/2011_05_01_archive.html
http://www.prnewswire.com/news-releases/smg-indium-resources-ltd-marks-one-year-anniversary-150590115.html
http://www.prnewswire.com/news-releases/smg-indium-resources-ltd-marks-one-year-anniversary-150590115.html
http://www.fertilizer.org/ifa/content/view/full/8873/(offset)/10


 

 

356 Mapping resource prices: the past and the future 

 

 

 Radetzki, M. (2006) The anatomy of three commodity booms, Resources Policy 31, 56-64, 

http://www.radetzki.biz/rapporter/ThreeBooms_71.pdf;  

 Rawashdeh, R.a. and P. Maxwell (2011) The evolution and prospects of the phosphate 

industry, Mineral Economics 24, 15-27;  

 Raymond James Ltd (2012) Iron Ore - Exploration & Development, Industry Report, 

http://www.andrewjohns.ca/sites/default/files/Mining_20120202%20-

%20Iron%20Ore%20Reaching%20for%20the%20Peak%20in%20the%20Labrador%20Trough.

pdf;  

 Reckon, 2009. “Cross subsidies, price structures and competition in the England and Wales 

water industry”. Report for DEFRA;  

 Refractories Institute (2008) About Refractories, 

http://www.refractoriesinstitute.org/aboutrefractories.htm;  

 Reinaudo, 2003. “Economic assessment of groundwater protection – Impact of groundwater 

diffuse pollution of the upper Rhine valley aquifer – Case study Report No. 2”: Project financed 

by the European Commission No. ENV.A.1/2002/0019;  

 Renner, M. (2009) World metal production surges, WorldWatch Institute, 3rd September 2009; 

 Reppert-Bismarck, J.v. (2011) Analysis: China unlikely to yield on rare earths despite WTO, 

Reuters, 11th July 2011, http://www.reuters.com/article/2011/07/11/us-trade-rawmaterials-

china-idUSTRE76A2TE20110711; 

 Reynaud, A. (2003) An econometric estimation of industrial water demand in France, 

Environmental and Resource Economics 25, 213-232;  

 Roskill (2010) Indium: Global industry markets and outlook, 9th edition; 

 Schleich, J., Hillenbrand, T., 2007. “Determinants of Residential Water Demand in Germany”. 

Working Paper Sustainability and Innovation No. S 3/2007 – Fraunhofer Institute Systems and 

Innovation Research; 

 Scottish Environment Protection Agency (2011) Raw Materials Critical to the Scottish Economy; 

 Shamshak, G.L. and J.L. Anderson (2010) Protein production advantages in the face of 

increasing feed costs: identifying opportunities within the aquaculture industry, Bull. Fish. Res. 

Agen. No. 55-62; 

 Shepherd, J. (2010) The future of fishmeal and fish oil, International Fishmeal and Fish Oil 

Organization, Presentation for the 2nd International Congress on Seafood Technology; 

Anchorage, Alaska, US; 

 Sibley, S.F. (1978-79) Cobalt, Minerals yearbook metals and minerals 1978-79, vol. 1, 249-258; 

 Smit, A.L., P.S. Bindraban, J.J. Schröder, J.G. Conijn, H.G. van der Meer (2009) Phosphorus in 

Agriculture: Global Resources, Trends and Developments, Report to the Steering Committee 

Technology Assessment of the (Dutch) Ministry of Agriculture, Nature and Food Quality, Report 

282, Plant Research International, Wageningen; 

 Strosser, P., M. Kossida, J. Berbel, S. Kolberg, J.A. Rodriguez-Diaz, J. Joyce, T. Dworak, M. 

Berglund and C. Laaser (2007) EU Water saving potential (Part 2 – Case studies), 

ENV.D.2/ETU/2007/0001r; 

 Tertiary Minerals (2012) Storuman, http://www.tertiaryminerals.com/storuman.html;  

 The Critical Metals Report (2012) Investments worth their weight in graphite: Glen Jones, 26th 

June, 2012, http://www.mining.com/2012/06/26/investments-worth-their-weight-in-graphite-glen-

jones/;  

 The Critical Metals Report (2012) Tap profits in the growing graphite market: Simon Moores, 

18th April 2012, http://www.mining.com/2012/04/18/tap-profits-in-the-growing-graphite-market-

simon-moores/;  

 Trucost (2011) FTSE Commodity exposure index; 

 Tveteras, S. (2010) Forecasting commodity prices with switching regimes: the case of fishmeal 

prices, Journal of Centrum Cathedra; 

http://www.radetzki.biz/rapporter/ThreeBooms_71.pdf
http://www.andrewjohns.ca/sites/default/files/Mining_20120202%20-%20Iron%20Ore%20Reaching%20for%20the%20Peak%20in%20the%20Labrador%20Trough.pdf
http://www.andrewjohns.ca/sites/default/files/Mining_20120202%20-%20Iron%20Ore%20Reaching%20for%20the%20Peak%20in%20the%20Labrador%20Trough.pdf
http://www.andrewjohns.ca/sites/default/files/Mining_20120202%20-%20Iron%20Ore%20Reaching%20for%20the%20Peak%20in%20the%20Labrador%20Trough.pdf
http://www.refractoriesinstitute.org/aboutrefractories.htm
http://www.tertiaryminerals.com/storuman.html
http://www.mining.com/2012/06/26/investments-worth-their-weight-in-graphite-glen-jones/
http://www.mining.com/2012/06/26/investments-worth-their-weight-in-graphite-glen-jones/
http://www.mining.com/2012/04/18/tap-profits-in-the-growing-graphite-market-simon-moores/
http://www.mining.com/2012/04/18/tap-profits-in-the-growing-graphite-market-simon-moores/


 

 

357 Mapping resource prices: the past and the future 

 

 United Nations (2011) Global population to pass 10 billion by 2100, UN projections indicate. UN 

News Centre, http://www.un.org/apps/news/story.asp?NewsID=38253&Cr=Population&Cr1=;  

 United Nations Environment Programme (2009) Critical metals for future sustainable 

technologies and their recycling potential, 

http://www.unep.fr/shared/publications/pdf/DTIx1202xPA-

Critical%20Metals%20and%20their%20Recycling%20Potential.pdf;  

 United Nations Environment Programme (2011) Decoupling natural resource use and 

environmental impacts from economic growth, A Report of the Working Group on Decoupling to 

the International Resource Panel; 

 United Nations Environment Programme (2011) UNEP Year Book 2011: emerging issues in our 

global environment; 

 United Nations Population Fund (2011) 7 billion actions, http://7billionactions.org/;  

 US Department of Energy (2010) Critical materials strategy, 

http://energy.gov/sites/prod/files/edg/news/documents/criticalmaterialsstrategy.pdf;  

 US Environmental Protection Agency (2011) Newport Sand and Gravel Co., Inc., and Carroll 

Concrete Co. Inc., Settlement, 

http://www.epa.gov/compliance/resources/cases/civil/cwa/newportsandgravel.html;  

 US Geological Survey (2011) Mineral commodity summaries 2011, 

http://minerals.usgs.gov/minerals/pubs/mcs/2011/mcs2011.pdf;  

 US Geological Survey (1999) Metal Prices in the United States Through 1998, 

http://minerals.usgs.gov/minerals/pubs/metal_prices/metal_prices1998.pdf; 

 US Geological Survey (2004) Indium commodity profile, 

http://minerals.usgs.gov/minerals/pubs/commodity/indium/indiumyb04.pdf;  

 US Geological Survey (2006) Fluorspar, 

http://minerals.usgs.gov/minerals/pubs/commodity/fluorspar/fluormcs06.pdf;  

 US Geological Survey (2008) 2008 Minerals Yearbook: Fluorspar, 

http://minerals.usgs.gov/minerals/pubs/commodity/fluorspar/myb1-2008-fluor.pdf; 

 US Geological Survey (2009) 2009 Minerals Yearbook: Graphite, 

http://minerals.usgs.gov/minerals/pubs/commodity/graphite/myb1-2009-graph.pdf;  

 US Geological Survey (2010) Construction Sand and Gravel Statistical Compendium, 

http://minerals.usgs.gov/minerals/pubs/commodity/sand_&_gravel_construction/stat/;  

 US Geological Survey (2010) Copper Statistical Compendium, 

http://minerals.usgs.gov/minerals/pubs/commodity/copper/stat/;  

 US Geological Survey (2010) Phosphate Rock, 

http://minerals.usgs.gov/minerals/pubs/commodity/phosphate_rock/mcs-2010-phosp.pdf;  

 US Geological Survey (2011) Indium, 

http://minerals.usgs.gov/minerals/pubs/commodity/indium/mcs-2011-indiu.pdf;  

 US Geological Survey (2012) Cobalt, 

http://minerals.usgs.gov/minerals/pubs/commodity/cobalt/mcs-2012-cobal.pdf;  

 US Geological Survey (2012) Iron and Steel Scrap Statistics and Information, 

http://minerals.usgs.gov/minerals/pubs/commodity/iron_&_steel_scrap/;  

 US International Trade Commission (2002) Industry & Trade Summary: Wood Pulp and Waste 

Paper, http://www.usitc.gov/publications/332/pub3490.pdf;  

 Vansteenkiste, I. (2011) What is driving oil futures prices? Fundamental versus speculation. 

European Central Bank, Working Paper Series No. 1371; 

 Venmyn Rand (2009) Competent persons’ report and validation of the Dinokeng Fluorspar 

project for Sephaku Holding Limited, http://www.jse.co.za/Libraries/JSE_-_Listed_Companies_-

_CPRs/20090504_-_Sephaku_Report.sflb.ashx;  

 Venmynd Rand (2009) Definite feasibility study on the Nokeng Fluorspar mine Limited’s Nokeng 

Fluorspar Project in the form of a competent persons’ report and valuation for Sephaku 

Holdings Limited, http://www.sephakuholdings.co.za/b/files/CPR_fluorspar_dec09.pdf;  

http://www.un.org/apps/news/story.asp?NewsID=38253&Cr=Population&Cr1
http://www.unep.fr/shared/publications/pdf/DTIx1202xPA-Critical%20Metals%20and%20their%20Recycling%20Potential.pdf
http://www.unep.fr/shared/publications/pdf/DTIx1202xPA-Critical%20Metals%20and%20their%20Recycling%20Potential.pdf
http://7billionactions.org/
http://energy.gov/sites/prod/files/edg/news/documents/criticalmaterialsstrategy.pdf
http://www.epa.gov/compliance/resources/cases/civil/cwa/newportsandgravel.html
http://minerals.usgs.gov/minerals/pubs/mcs/2011/mcs2011.pdf
http://minerals.usgs.gov/minerals/pubs/metal_prices/metal_prices1998.pdf
http://minerals.usgs.gov/minerals/pubs/commodity/indium/indiumyb04.pdf
http://minerals.usgs.gov/minerals/pubs/commodity/fluorspar/fluormcs06.pdf
http://minerals.usgs.gov/minerals/pubs/commodity/graphite/myb1-2009-graph.pdf
http://minerals.usgs.gov/minerals/pubs/commodity/sand_&_gravel_construction/stat/
http://minerals.usgs.gov/minerals/pubs/commodity/copper/stat/
http://minerals.usgs.gov/minerals/pubs/commodity/phosphate_rock/mcs-2010-phosp.pdf
http://minerals.usgs.gov/minerals/pubs/commodity/indium/mcs-2011-indiu.pdf
http://minerals.usgs.gov/minerals/pubs/commodity/cobalt/mcs-2012-cobal.pdf
http://minerals.usgs.gov/minerals/pubs/commodity/iron_&_steel_scrap/
http://www.usitc.gov/publications/332/pub3490.pdf
http://www.jse.co.za/Libraries/JSE_-_Listed_Companies_-_CPRs/20090504_-_Sephaku_Report.sflb.ashx
http://www.jse.co.za/Libraries/JSE_-_Listed_Companies_-_CPRs/20090504_-_Sephaku_Report.sflb.ashx
http://www.sephakuholdings.co.za/b/files/CPR_fluorspar_dec09.pdf


 

 

358 Mapping resource prices: the past and the future 

 

 

 Vopel, C. (2011) Resource efficiency and sustainability The policy approach of Europe 2020 

Strategy. Presentation for DG Environment, European Commission, Szentendre, 28th June 

2011, http://www.sd-network.eu/pdf/doc_szentendre/presentations/Vopel.pdf;  

 Watkins, C. and M. McAleer (2008) How has volatility in metals markets changed?, 

Mathematics and Computers in Simulation 78, 237-249;  

 Wiser, R., E. Lantz, M. Bolinger, and M. Hand (2012) Recent Developments in the Levelised 

Cost of Energy from U.S. Wind Power Projects, Lawrence Berkeley National Laboratory, 

Environmental Energy Technologies Division, http://eetd.lbl.gov/ea/ems/reports/wind-energy-

costs-2-2012.pdf;  

 Word, A., 2010. “Financing irrigation water management and infrastructure: a review”. Water 

Resource Development Vol. 26, No. 3, 321-349;  

 Word Steel Association (2012) Construction, http://www.worldsteel.org/steel-by-

topic/construction.html;  

 World Auto Steel (2012) Why steel?, http://www.worldautosteel.org/why-steel/;  

 World Bank (2010) Liquid Biofuels: Background Brief for the World Bank Group Energy Sector 

Strategy;  

 World Bank (2011) Pink sheets on commodity markets; 

 World Bank (2011) Prospects for the Global Economy - Metals: overview and outlook; 

 World Bank (2012) Commodity Markets, 

http://econ.worldbank.org/WBSITE/EXTERNAL/EXTDEC/EXTDECPROSPECTS/0,,contentMD

K:21574907~menuPK:7859231~pagePK:64165401~piPK:64165026~theSitePK:476883,00.html 

 World Trade Organization (2012) China - Measures Related to the Exportation of Various Raw 

Materials, http://wto.org/english/tratop_e/dispu_e/cases_e/ds394_e.htm#bkmk394r;  

 Worthington, A.C. (2010) Commercial and Industrial Water Demand Estimation: Theoretical and 

Methodological Guidelines for Applied Economics Research, Estudios de Economia Aplicada 

28, 237-258. 

 

 

http://www.sd-network.eu/pdf/doc_szentendre/presentations/Vopel.pdf
http://eetd.lbl.gov/ea/ems/reports/wind-energy-costs-2-2012.pdf
http://eetd.lbl.gov/ea/ems/reports/wind-energy-costs-2-2012.pdf
http://www.worldsteel.org/steel-by-topic/construction.html
http://www.worldsteel.org/steel-by-topic/construction.html
http://www.worldautosteel.org/why-steel/
http://wto.org/english/tratop_e/dispu_e/cases_e/ds394_e.htm#bkmk394r




 

BELGIUM – BULGARIA – HUNGARY – INDIA – THE NETHERLANDS – POLAND – RUSSIAN FEDERATION – SOUTH AFRICA – SPAIN – TURKEY – UNITED KINGDOM 

Sound analysis, inspiring ideas 

 

P.O. Box 4175 

3006 AD Rotterdam 

The Netherlands 

 

Watermanweg 44 

3067 GG Rotterdam 

The Netherlands 

 

T +31 (0)10 453 88 00 

F +31 (0)10 453 07 68 

E netherlands@ecorys.com 

 

W www.ecorys.nl 


