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Funded by the 
Horizon 2020 Programme 
of the European Union 

STRADE is an EU-funded research project focusing on the development of dialogue-based, innovative policy 

recommendations for a European strategy on future raw materials supplies. In a series of policy briefs and 

reports the project will offer critical analysis and recommendations on EU raw materials policy.  

This policy brief is the fourth in a series of research articles and reports to be produced under STRADE. This 

brief reviews environmental impacts and ecological challenges in raw material production. 

1  Introduction and Scope 

Various forces raise the demand for raw materials and metals, including a continuously growing population, 
a steadily increasing standard-of-living especially in emerging economies, and on-going consumption in 
industrialized countries. Technological innovations, such as newer digital technologies, require an increasing 
variety of metals as well. Society’s need for metals is undisputed; in the described growth scenario, primary 
metal extraction will – despite exceptions for some metals - cover most of the world’s material demand in the 
next decades, even if ambitious recycling and resource efficiency measures are successfully implemented. 
The challenge is to ensure metal extraction that causes minimal impact to the environment. Although 
awareness of environmental issues surrounding the mineral extraction processes has significantly 
progressed over past decades, global mining 
and processing activities are still frequently 
accompanied by large environmental impacts. 
This policy brief summarises the most common 
environmental risks associated with mineral 
extraction and highlights the importance of 
international policy actions that promote 
responsible mining and processing practices. 

This paper concentrates on the environmental 
impact of ore extraction and processing directly 
occurring at mining sites. Since other refining 
activities, such as smelting, are often located in 
larger plants thousands of kilometres away, 
they shall not be addressed in this policy brief.  

2 Environmental Issues in Mining – Overview 

As an issue of increasing importance, the environmental impact of mining is being raised as a concern on 
various political agendas. In the currently revised EU’s “Best Available Techniques Reference Document for 
the Management of Waste from the Extractive Industries (MWIE-BREF)” the European Commission 
identified key environmental issues of mining waste management facilities and defined best-practice 
guidance to minimize and mitigate the environmental impacts of mineral extraction (EC 2016). The UNDP 
states in its 2016 publication “Mapping Mining to the Sustainable Development Goals: A Preliminary Atlas” 
that responsible mining and managing environmental impacts is crucial for mining companies to maintain 
their social license to operate (UNDP 2016). In line with this, during the recent DG Growth Raw Material 
Diplomacy Event in Brussels in June 2016 one day was solely dedicated to environmental issues in mining.  

Figure 1: Main process steps in mining 
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The past efforts of industry and governments have led to significant improvements in environmental 
performance. However, the severe environmental impact from many active and abandoned mines still needs 
to be addressed. Later policy briefs will address the economic and social challenges for responsible mining 
practices; this paper focuses on the main environmental mining aspects.  

If adequate technologies or management practices are applied, the following major environmental impacts 
from mining can be substantially mitigated.   

 Acid Mine Drainage (AMD): According to the UNEP, AMD poses a serious threat to water resources and 
is the mining industry’s top environmental problem (UNEP 2010). AMD occurs when sulphide minerals, 

which are part of waste rocks or mining tailings
1
, are exposed to oxygen and water, leading to a chemical 

reaction in which sulfuric acid forms. The acid dissolves heavy metals, such as arsenic, cadmium, 
mercury or lead, and can contaminate groundwater and soil if no restraining systems are installed. The 
next section provides more details.  

 Water contamination: Several factors can cause severe ground water contamination. In addition to acid 
mine drainage, as described above, mining often penetrates the earth to depths which reach the water 
table. This allows groundwater to flow into the mining pit, which may contaminate local groundwater. 
Leakages from tailing ponds if the floor and sides are not properly sealed can lead to high concentrations 
of toxic reagents and heavy metals in groundwater. Toxic components originate in applied chemical 
reagents, such as cyanide or nitrogen-compounds, as well as by-elements in ore (UNEP 2010, ELAW 
2010). Contaminated groundwater may affect the clean water supply, surface water and, via irrigation, 
agricultural soils. Toxic effluent waters from processing that are not properly treated or retained directly 
contaminate surface waters and affect ecosystems and human health, e.g. via the food-chain. 

 Dam bursts and flooding: Tailings deposits are stored in large ponds or dams known as Tailing Storage 
Facilities (TSF). In climates with heavy rainfall and in tectonically active regions, a TSF has a higher risk of 
failure. A TSF failure is the risk with the largest environmental impact. Failures can kill aquatic life and 
pollute surface and drinking water over large areas downstream. Similarly, surface flooding from heavy 
rainfall can release the toxic tailing sludge into surrounding areas. Further details on these risks are given 
in the next section.  

 Waste production: Mineral extraction is the largest global waste producer, particularly from copper, zinc, 
bauxite and nickel mining (Manhart 2016). Depending on the specific ore grades and the degree of 
overburden, the ratio of waste to metal mined is large (Dold 2014). For example, to mine seven grams of 
gold, on average one tonne of waste material must be mined, not including the overburden (Priester and 
Dolega 2015).  

 Air pollution: All mining stages can affect air quality, since fine particles and dust are often produced and 
dispersed by the wind. This can lead to a range of environmental impacts and adverse human health 
effects, particularly if the dust contains heavy metals. Dust emissions from tailings with a heavy-metal load 
and very fine grain sizes are the most critical issue if not properly managed. Volatile reagents such as 
mercury in ASM gold mining as well as VOC emissions from flotation reagents or NOx emissions from 
diesel-powered engines can pollute the air. 

 Soil erosion and contamination: Land conversion due to mining and its infrastructure destroys or 
contaminates soil cover in many cases, which constitutes a long term or even total loss of agricultural 
potential. Mining processes, such as crushing and milling, reduce soil particle sizes significantly, 
enhancing erosion by rainfall, runoff water or wind. This can have significant impact on the immediate and 
downstream ecosystems and human health. While high sediment loads in surface waters commonly lead 
to drastic changes in aquatic ecosystems, wind erosion often leads to mid and long distance transport of 
particles that might contain heavy metals or other harmful substances. Erosion can have even more 
devastating effects if coupled with processing chemical leak and/or AMD. 

 Water availability: The mining industry’s demand for water can exacerbate existing water competition 
with agriculture and consumers in regions where either water availability is low or water consumption is 

                                                           
1
  Tailings are the materials left over after wet processes used to separate the valuable fraction from the uneconomic 

fraction of an ore. The leftover slurry is referred to as tailings and consists of fine particles and chemical reagents. 
Sometimes, it has high concentrations of toxic substances. The tailings are usually stored in impoundments known as 
a Tailing Storage Facility (TSF) (compare Figure 1). 
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too high. Groundwater lowering for mining further aggravates water stress. Governments as well as 
mining industry acknowledge water usage and management as an exigent concern to address with local 
population (IM4DC 2014; ICMM 2015; Buxton 2012). 

 Ecosystem destruction: Mining, particularly large-scale open pit mining, can cause all or partial 
destruction of ecosystems and agricultural land. Impact on ecosystems is also very high for mining sites 
located in protected areas with high biodiversity or high vulnerability and low resilience. The habitats of 
many animal species may be destroyed and migratory animals’ population size and diversity can decline. 
The previously mentioned effects on water resources can further harm aquatic wildlife and destroy 
wetlands. 

 Radioactive radiation: This can arise from radioactive elements embedded in the ore that are contained 
in the tailings. Human health and ecosystems might be endangered by radioactive dusts transported by 
wind erosion and radioactive groundwater contamination from leaking TSFs.  

 Submarine / riverine tailings disposal: Mining sites close to bodies of water, e.g. in Indonesia, the 
Philippines, Papua New Guinea and Norway, often dispose of tailings directly into rivers or the sea, 
although most industries and stakeholders widely agree that riverine and shore marine disposal should be 
generally banned due to the high risk of environmental contamination (Dold 2014).  

Technologies and management practices to significantly reduce the environmental impacts are available and 
have been successfully implemented at many mining sites. Europe’s mining suppliers can particularly 
contribute to this development with sound technological solutions. However, these technologies are often not 
applied for reasons such as economic motives, lack of regulation, insufficient capacity to enforce existing 
regulations and the ongoing use of old technology. In small-scale mining in developing and emerging 
countries, low levels of education reduce local residents’ ability to adapt to technological advances 

3 Challenges and Hotspots 

Five issues in the next sections cover selected hot spots for mineral mining: acid mine drainage, tailings 
dam/TSF failures, radioactivity in tailings and waste and submarine tailing disposal. The last section 
highlights environmental impacts from decreasing ore grades. 

3.1 Acid Mine Drainage (AMD) 

Acid Mine Drainage (AMD) is one of the main problems related to mining. It is particularly an issue for 
copper, zinc and lead mining since they are often associated with sulfidic ore. AMD at iron ore or bauxite 
mines rarely occurs because the metals are usually embedded in non-sulfidic ores (Manhart et al. 2015). 
Long-lasting pollution is the most significant issue associated with AMD; the effects of acidic waters 
produced from AMD can last for hundreds or thousands of years (Widerlund et al. 2014). AMD after mine 
closure poses especially a threat. Globally, many regions face direct legacies from the ongoing 
environmental damage due to AMD at former mining sites. Often, the former mining company cannot be held 
accountable for the negative environmental impacts. As a consequence, no rehabilitation is performed or the 
rehabilitation has to be financed from public or social funds. A 2008 study revealed that nine percent of the 
rivers in England and Wales are at risk of not meeting their Water Frame Directive targets as a consequence 
of abandoned mines. In most cases acid mine drainage continues to pollute the water. (Environment Agency 
2008) 

While most abandoned mine sites and tailings ponds are hidden and do not receive the immediate attention 
of nearby inhabitants, some can still be found close to residential areas. For instance, residues from gold 
mining were deposited in sparsely populated areas outside of Johannesburg, South Africa, before the 1950s 
(Kneen 2015). Sharp population growth led to rapid urbanization that currently extends beyond the closed 
mines; tailings ponds that were remote 60 years ago now neighbour residential areas. Studies show that the 
area is largely affected by AMD (Mining Weekly 2010).  

3.2 Tailings Dam Failures 

Alongside the described possible environmental impacts of controlled mining operations, accidents may also 
lead to massive ecological problems. Tailings dam failures are one of the most devastating environmental 
accidents. In Brazil in November 2015, a tailings dam failure discharged more than 50 million cubic meters of 
sludge into the surrounding areas. The resulting mudflow interrupted the drinking water supply of at least 
260 000 people, more than 600 inhabitants lost their homes and several people died. The mudflow 
contaminated more than 600 km of the nearby river Rio Doce (Neves et al. 2016). Water samples from the 
river indicate concentrations of substances such as lead, aluminium, iron, barium, copper, boron and 
mercury by far exceed tolerable levels. The river’s toxic water composition now renders it useless for 
irrigation or consumption. Biodiversity and density of aquatic species has also sharply dropped; most of the 
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endemic biodiversity as well as the gallery forests were destroyed by the waste wave. The wave reached the 
Atlantic Ocean and contaminated the fragile coastal region. Media reports often refer to the catastrophe as 
the “Brazilian Fukushima”, pointing out the devastating environmental consequences (FAZ 2015). 

This catastrophe is not a secluded case. The history of mining is paved with TSF failures similar to Brazil’s. 
Between 2000 and 2009, twenty dam bursts were reported worldwide. Dam construction underestimated the 
risk factors for a failure, especially heavy rainfall events and snowmelt. Climate change may likely lead to 
more heavy precipitation events, resulting in more frequent accidents. Consequently, dams should be 
constructed with strong consideration for all possible atmospheric conditions or seismic activities (Azam and 
Li 2010). 

Tailing dam heights widely vary, from less than ten meters to up to hundred meters. Even for 100 m dams, 
dam bursts do occur. The higher the dam, the more content can be released during a failure (Rico et al. 
2007). Uncontrollable events such as rainfall and seismic activity are the main reasons for dam failure, 
although mistakes in management operation and structural weaknesses also cause accidents. New vacuum 
and pressure technologies developed over the last decades offer more environmentally sound possibilities 
for tailings storage. In dry tailings disposal, the deposited unsaturated tailings help mitigate dam burst risks. 
However, the technique can primarily be used for only low throughput operations; only few mining projects 
use the technique due to higher production costs (Davies 2011). 

Figure 2: Tailings dam failure distribution (count and per cent) by region (Azam and Li 2010)   

 

Tailing dam accidents do not only affect developing countries. Between 2000 and 2009, 5 dam failures 
occurred in North America and 6 in European countries. Moreover, Europe has the worst incidents-to-mines 
ratio (1:200). Different climate conditions may play a key role. Australia, for example, has three times more 
mine sites, but reports eight times fewer tailings dam failures (compare Figure 2). Many European regions 
are exposed to flooding from snow melt and heavy rainfall. The global inventory of all reported dam bursts 
over the last 100 years estimates a 1.2% failure rate (Azam and Li 2010). Incident rates could be even 
higher, particularly in Africa, South America or Asia as accidents at remote locations might be undetected by 
the public and go unreported.  

3.3 Radioactivity in Tailings 

Although tailing radioactivity mostly stems from uranium mining, the waste from extracting other metals 
associated with radioactive by-elements can also irradiate tailings sludge. Wind erosion can then transport 
the radioactive dust, and rainfall and oxygen may dissolve the radioactive particles and trigger mine 
drainage, contaminating streams, aquifers and groundwater. The radioactivity can enter the food chain and 
affect human health and wildlife.  

Rare-earths mining and processing often coincide with radioactivity leaks from thorium (Dold 2014, Walz et 
al. 2016). For example, a twenty-year follow-up study by the Chinese Healthcare Research Centre indicates 
that workers in Baotou have higher risks of dying from lung cancer (Schüler et al. 2011).   

In another example, gold production in the Witwatersrand basin in South Africa mined approximately 
800 000 tonnes of uranium, three quarters of which remains in openly exposed regional tailing dumps 
(Winde 2013). This 600 000 tonnes of radioactive mining waste represents ten times more than the world 
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uranium production in 2014. With a uranium concentration exceeding that of tailings from uranium mining, 
this incident has a strong impact on the surrounding environment (Winde 2013). 

A research project commissioned by the German Environment Agency reports that waste from mining 
uranium, thorium, tantalum, niobium and rare-earth elements imposes a high risk of enhanced radioactive 
radiation from the high uranium and thorium concentrations. German and Chinese data also suggest that 
many other non-radioactive ores can also have critical radioactive radiation levels (Manhart et al. 2016). 

3.4 Submarine tailings disposal 

In contrast with tailings disposal in on-shore impoundments, a few sites dispose of their tailings into the sea 
or other waterbodies. Tailings’ fine grain size and toxic content containing chemical reagents and heavy 
metals increase the risks for environmental damage, although AMD does not occur when the waste is 
isolated from the air. However, more studies are needed to understand the consequences of such waste 
disposal techniques on biodiversity and other ecological aspects.  

Similarly, not all risks associated with disposal of tailings in deep sea locations are entirely known. Initial 
studies already indicate deep sea disposal accompanies reduced abundance of aquatic life (Hughes et al. 
2015). Currently, 16 mines in 8 countries use deep sea tailings disposal techniques (Groß 2016). Indonesia, 
Philippines, Papua New Guinea and Norway still dispose of some of their submarine tailings close to shore. 
Submarine disposal for mines close to the coast is relatively cheaper than on-land disposal, leading to 
distorted price competition with mining sites following best-practice waste treatment standards.  

3.5 Increasing Challenges from Decreasing Ore Grades  

Over the past decades, the specific concentrations (grade) of ores have decreased for a range of 
commodities, leading to greater amounts of waste rock and tailings. Reasons for the decrease are disputed. 
One common explanation is that most rich ore deposits have already been exploited leaving only lower 
grades today (Mudd 2010). Others argue that the cost effectiveness to mine lower ore grade in already 
developed mine sites distort the grade ratings (West 2011). Both sides, however, agree that the trend 
towards lower grade ore mining will lead to larger amounts of waste, higher energy and water demand and 
could potentially increase environmental impacts such as AMD, tailing failures and water stress. These 
issues should be tackled appropriately (Dold 2014). 

4 Regional differences and challenges 

The following section discusses specific challenges in European mining, mining in non-EU industrialized 
countries and mining in developed countries. The selected examples do not claim to comprehensively 
summarize regional differences, which will be part of the later STRADE dialogue process. Instead, these 
synopses seek to raise awareness on the specific issues in different parts of the world and to acknowledge 
that challenges in mining are not only issues in developing countries but also important issues for 
industrialized countries. 

4.1 Europe  

The volume of ores mined in Europe has decreased over the last decades. In general, European metal 
mining projects are concentrated in Northern Scandinavian countries (primarily for iron ore), with a few 
exceptions on the Iberian Peninsula and in Central Europe (mainly for copper).  

After the tailings dam failures in Aznalcóllar (Spain) and Baia Mare (Romania) in 1998 and 2000, mining’s 
environmental impact gained attention in EU environmental policy and resulted in the Mining Waste Directive 
regulating new mines in 2006. In addition, extractive industries projects must undergo an Environmental 
Impact Assessment (EIA) according to the EIA Directive of the EU (EC 2013). However, the directives do not 
ex post facto cover mines in operation before enactment of the law. Since 2006, two dam failures have been 
recorded in Europe, the most recent incident was at the largest European nickel mine in Talvivaara, Finland, 
in 2012. As a consequence, the Finnish Network for Sustainable Mining, aiming at responsible practices, 
was founded. Its guidelines and auditing scheme are based on the Canadian industrial initiative ‘Towards 
Sustainable Mining’ (Yrjö-Koskinen 2016).  

In recent years, large civic protests occurred in Romania and Greece. In Romania, the protests turned 
against the plans for mountain top removal at what would have been Europe’s largest gold mine at Rosia 
Montana (Vesalon and Creţan 2013). Greeks protested against plans for an open pit gold-copper mine and 
the loss of forest areas (Trilling 2013). Public acceptance for mining projects in Scandinavian countries 
seems to be high in non-indigenous populations, particularly when located in remote areas. In Sweden, 
mining’s long history allows established companies to gain a social license to operate, while newer 
companies often meet more resistance and distrust, particularly in areas with no prior history of mining 
(Tarras-Wahlberg 2014). In contrast, the 20

th
 Saami Conference in 2013, representing the Saami council’s 
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member organisations in Scandinavia and Russia, stated that “resource extraction in the Saami territories 
today carries huge risks and little advantages”, indicating low acceptance in the indigenous community. 

In addition to its active and new mines, Europe has a huge legacy of abandoned mines. Estimates of acid 
leaks from abandoned mines across Europe range between 10 000 and 100 000 instances (Wolkersdorfer et 
al. 2006). 

4.2 Other Industrialized countries  

Europe is no longer a major player in the ore mining industry. However, some industrialized countries, such 
as Canada, Australia or the United States, and emerging economies, such as China, Brazil and South-Africa, 
play a leading role in ore extraction.  

In many mining regions in these countries, public awareness about mining practices cannot be as easily 
raised due to rather low population density and a less diverse economic situation, allowing old mining 
projects to be extended or new ones developed with less civic opposition. Nevertheless, the environmental 
impact in these regions remains the same as for areas with higher population densities.  

Mining legacies play a huge role in the US, Canada, South Africa and Australia. For example, an abandoned 
mines inventory in Canada counted over 10 000 abandoned mines, many of which are affected by acid mine 
drainage (AMD) (Mackasey 2000). Australia estimates that it has 50 000 abandoned mines (Unger et al. 
2012). Exemplifying a common problem, drinking water was contaminated in 2010 by AMD from the 
abandoned Brookstead tin mine in Tasmania (White 2013). The potential dangers of abandoned mines can 
further be seen in the United States’ Gold King Mine wastewater spill in 2015, where a TSF failed during 
rehabilitation work and released 11 million litres of contaminated water into a river (Chief et al. 2015).  

Tailing dam failures can also occur at active mines. In 2014, the open pit copper and gold mine at Mount 
Polley in Canada gained public attention after a major dam burst. The operator of the mine was an early 
stage member of the ‘Towards Sustainable Mining’ initiative. After the incident, the Initiative started to revise 
its tailings management guidelines (Mining Association of Canada 2015).  

In Australia, mineral mining is a relevant part of the economy and mineral rents account for more than 5% of 
the gross domestic product (World Bank 2016). One major sustainability issue is the water stress in many 
arid mining regions which is addressed by the National Water Initiative and regional water allocation plans. 
Minerals industry sees a secure water supply as critical business risk that represents a significant potential 
constraint on further investment and expansion (Ernst & Young 2015). In line with this, the mining industry 
highlights the importance of water recovery and re-use technologies and the development of the Water 
Accounting Framework. (MCA 2016, IM4DC 2014)  

4.3 Developing and emerging countries  

The specific challenges of responsible mining in developing and emerging countries is a complex issue. In 
this section, only two critical points will be discussed; later policy briefs will address this topic in detail.  

Large scale mining (LSM) plays an import role in many developing and emerging countries. Although the 
environmental risks for LSM are in principal the same as for industrialised countries, insufficient regulatory 
implementation and low transparency in many developing and some emerging countries hinder 
implementing responsible mining practices. Thus, export and import countries face the common challenge of 
finding strategies to enhance environmental LSM performance in regions with inadequate consideration of 
social and environmental issues. 

Another issue specific to developing countries is artisanal and small-scale mining (ASM). The metals gold, 
tantalum, tin and cobalt are in particular mined by ASM, with estimated shares at the global production of 
15% to 30% (Manhart et al. 2015). For some countries and approximately 20 to 30 million miners globally, 
ASM provides an important income source. Estimates from 2009 assume that in Mongolia, two South-
American and six African countries more than 10% of the population depend on ASM (Dorner et al. 2012). 
The environmental impact of ASM can be severe. For example, ASM mostly uses mercury instead of 
cyanide for gold extraction; it accounts for around 37% of global anthropogenic mercury emissions (UNIDO 
2013). In 2016, the Peruvian Government declared a state of emergency in the region of Madre de Dios due 
to extremely high mercury concentrations from illegal gold mining. In addition, since ASM is informal, no 
rehabilitation measures exist, leaving behind disturbed landscapes after the exploitation of a deposit. 

5 Policies and industry engagements for responsible mining 

The EU responded to the mining industry’s environmental challenges by adopting the Mining Waste Directive 
in 2006 and demanding an obligatory Environmental Impact Assessment (EIA) for new mining sites and a 
Strategic Impact Assessment (SIA) for public plans that set frameworks for future activities with relevant 
environmental impacts. Addressing the environmental problems of imported raw materials, the European 
Raw Material Initiative sees that mining can and should contribute to sustainable development. The EU’s 
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development policy also has an important role to play in Raw Materials Diplomacy, building win-win 
situations for developing countries and the EU in the area of raw materials (RMI 2013). During its dialogue 
process, STRADE will discuss to what extent this target can be achieved and how the impact can be 
improved.  

Most industrialized and developed countries have similarly adopted advanced regulations to improve 
environmental standards in mining. EU documents on best available techniques, the World Bank EHS 
Guidelines for Mining and guidelines from industrial associations such as the International Council on Metals 
and Mining (ICMM) and the Canadian ‘Towards Sustainable Mining’ program (TSM) document that 
technologies and management schemes for significantly reducing environmental impacts are available. The 
EU continues to fund various research projects on environmental technologies and policy strategies towards 
responsible mining. A deeper analysis of this EU engagement in responsible mining practice will be 
addressed in upcoming STRADE policy briefs.  

Many examples and case studies provide evidence that sound planning and management can significantly 
reduce environmental risks. Generally, many large mining companies have worked hard to improve their 
environmental standards at large-scale mines over the last decade. Nevertheless, according to a 2012 
review by the International Institute for Environment and Development (IIED), there are still difficulties in 
implementing, reporting, and ensuring consequences for non-compliance to the set of global rules for best 
practice on sustainable development and minerals that has emerged in the last decade (Buxton 2012). IIED 
concludes that capacity building is a highly relevant issue for future action, particularly in governments of 
countries with insufficient regulatory capacities and for small- and medium-sized mining companies with little 
knowledge on responsible mining practices.   

The ASM sector also reveals significant social challenges, since currently up to 30 million workers and their 
families depend on ASM as an income source. Various diverse voluntary initiatives on standards, 
certification schemes and due diligence schemes, as well as government initiatives to grant artisanal miners 
title to deposits, contribute to improvements. However, the overall impact of these activities is still very 
limited (Buxton 2012). 

A further challenge is the uneven competition; companies that invest in clean extraction technologies and 
better processing carry a financial burden for compliance due to a less favourable cost structure while others 
benefit from non-internalized external costs. The Mountain Pass Mine in the USA illustrates this very well. 
The mine produced rare earth elements until 2002, when it stopped extraction due to environmental 
concerns and competition from low-cost Chinese production. In 2011, the mine restarted production and 
opened new processing facilities to supply the domestic market and to allow the country to be less 
dependent on Chinese production. The operator of the mine invested in advanced techniques to improve the 
environmental performance according to legal requirements (Schüler et al. 2011). Through a variety of 
measures, the environmental impact of the mine was minimized. However, the investment did not pay off 
due to declining rare-earth prices in 2012 and strong Chinese competition; in January 2016 the company 
declared bankruptcy. 

From a mid-term and long-term perspective, reducing environmental risks and impacts of mining operations 
lies in mining companies’ interests, though they may have to invest significant financial resources in the short 
term. In the case of accidents, the costs of cleaning, repairs and fines may far outreach this initial investment 
– at least when operating in countries with effective governance regimes. For example, Samarco, the 
operator of a Brazilian mine that caused the catastrophe at Rio Doce in 2015, has to pay over USD 6 billion 
in reparations (Ker 2016).  
Some mining companies have also recognized that sustainable development is an essential part of 
operational risk management. Such risk mitigation goes beyond tailings management to also address factors 
like increased water and energy scarcity (Buxton 2012). In line with this, ICMM and TSM responded to 
pollution from tailing failures in Brazil in 2015 and in Mount Polley/Canada in 2014 with a revision of their 
tailing management guidelines (ICMM 2015; TSM 2015).  

A deeper analysis of governmental policies and industry’s action aimed at sustainable development will 
discussed in subsequent STRADE policy briefs and workshops. 

6 Conclusion 

Despite large improvements in national legal requirements and industry engagement and manifold examples 
of successfully implementing responsible mining practices in the last decade, mining in the 21

st
 century can 

still be greatly improved. Countries lacking governance capacities, mining companies needing more 
resources for environmental management practices and old mining sites with poor technical levels all offer 
many areas to improve mining. Since these factors play a significant role across many raw-material 
exporting countries, a significant share of Europe’s mineral imports is assumed to come from poorly 
managed mining sites that could cause detrimental environmental impacts. 
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The most relevant environmental impacts mainly occurring at poorly managed mining sites – especially 
groundwater contamination by acid mine drainage and tailing dam failures, soil contamination from dust and 
erosion, damage of ecosystems, loss of agricultural land and ecological disaster from tailing dam bursts  – 
need to be tackled by international, EU and national policies. Such environmental protections would not only 
benefit the environment but also the population most severely affected by mining.  

The EU responded to the environmental challenges from mining waste facilities within the EU by the Mining 
Waste Directive in 2006 and the obligatory Environmental Impact Assessment (EIA) for new mining 
activities. EU member states are responsible for implementing the Directives into their national laws. This 
legal framework along with EU-funded research projects on responsible mining provides a good basis for 
reducing environmental impact from mining.  

Addressing the environmental problems of imported raw materials, the European Raw Material Initiative 
promotes ‘sustainable development’ without formulating precise targets and policy instruments. STRADE will 
take up this issue in its dialogue process.  

The STRADE project investigates policy options for minimizing adverse environmental impacts and 
maximizing societal benefits from mining and seeks integrated policy measures which consider all aspects of 
sustainability: ecological, social and economic issues. Therefore, the strategies developed under STRADE 
will be derived through stakeholder dialogues that engage participants from governments, industry, science 
and CSO’s. New cooperation and business models are sought to unite economic, ecologic and social 
requirements. In this respect, following policy briefs will provide an analysis of socio-economic impacts from 
mineral mining and an analysis of voluntary initiatives and EU policies in the minerals sector aiming at 
environmental improvements.  
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