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1 9·9/¦¢L±9 {¦aa!w¸ 

The need for mineral raw materials consumption is growing and so are the concerns about planetary boundaries 

to support such need. This report presents a resource based sustainability perspective in extractive activities. 

By applying Institutional Resource Regimes as an analytical lens, the effect that extractives have on renewable 

resources is presented by making use of two case studies: Boliden Area in Sweden and Canteras La Ponderosa 

in Spain. Here, sustainability of extractive industry is assessed in terms of the extent to which it affects the ability 

of renewable resources to regenerate, such as water, biodiversity, reindeer, air, and so on. To this end, the 

institutional regime regulating such resources in relation to extractives is analysed, and areas of policy 

incoherence are identified. The main challenges identified in the two case studies constitute the contents of a 

Delphi Questionnaire conducted with 29 international experts. Findings from the Delphi questionnaire are 

combined with those of the Case Studies to 1) highlight main areas of policy incoherence, 2) discuss shared and 

contextual reasons contributing to these challenges and 3) highlighting recommendations for tackling these 

challenges and moving towards more institutional regimes that promote sustainable use of resources.   

Findings point to four renewable resources affected in Boliden Area case: Water, Land, Reindeer and Nature & 

Biodiversity protected areas, and four renewable resources affected in Canteras La Ponderosa: Water, Land, Air 

and Nature & Biodiversity protected areas. In both cases, extractives operate in mostly complex institutional 

regimes (except for water IR in Sweden). Such complexity is a result of incoherence of different types: inter-

resource policy incoherence (regulatory framework for one resource is incoherent in itself), intra-resource 

policy incoherence (regulatory framework of two or more resources are not well aligned with each other and 

provide institutional gaps) and incoherence within the property rights system. Complex institutional regimes 

can create conditions of resource misuse and thus, lead to unsustainable resource management. Findings from 

the Delphi questionnaire have highlighted instruments that can help shift these complex institutional regimes 

to integrated ones, with a focus on instruments of land use planning and land policy. These recommendations 

point to institutional changes that are necessary for ensuring sustainable use of (renewable) natural resources 

in the extraction industry. 
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{t!Lb 

2.1 EXISTING WITHIN PLANETARY BOUNDARIES 

OECD forecasts that by 2060 with a global population increase by 1.5 times and an income per capita increase 

by 2.7 times, there will be a doubling in mineral raw materials consumption (+110%) with metals consumption 

forecasted to increase by +150% (OECD, 2019). The global implementation of resource efficiency measures, the 

increased potential for a circular use of resources and the partial decoupling of materials use from economic 

growth will contribute to attenuate this growth but nevertheless, extraction will continue to be a necessity. As 

the share of renewables in energy production increases, so does the consumption of raw materials contributing 

ǘƻ ΨŎƭŜŀƴ ŜƴŜǊƎȅΩΦ hƴ ŀǾŜǊŀƎŜΣ ŀƴ ŜƭŜŎǘǊƛŎ ŎŀǊ ǊŜǉǳƛǊŜǎ ǎƛȄ ǘƛƳŜǎ ƳƻǊŜ ƳƛƴŜǊŀƭ ǊŜǎƻǳǊŎes to produce than a 

conventional car. Similarly, an onshore wind power plant consumes nine times more mineral resources than a 

gas plant. Sand consumption could soar 45% in the next four decades, straining natural resources and 

potentially creating shortages in the market of key construction materials produced by sand (concrete, glass, 

etc). The following chart shows, for example, the increase in metal consumption emerging from the rapid 

deployment of clean energy technologies: 

 
 

 
Figure 1 Mineral consumption per type of clean energy technology (Source: (International Energy Agency, 
2021)) 

Technological advancement of the last decades has largely depended on natural resources, such as raw 

materials, for its production. A similar dependency on raw materials is exacerbated by the need to implement 

energy transition measures necessary to cap CO2 emissions and halt climate change. Regardless of the capping 

effect that recycling and reuse can have on the need for new mining, meeting the future challenge of supporting 

large-scale demands for renewable energy requires steady availability of key minerals (Hund et al., 2020). 82% 

of mining areas globally target materials needed for renewable energy production (Sonter et al., 2020). The 

²ƻǊƭŘ 9ŎƻƴƻƳƛŎ CƻǊǳƳΩǎ (2015) report on Mining and Metals in a Sustainable World 2050 suggests that mining 

will not disappear and demands for cost effectiveness will continue to exist parallel to demand for 
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environmentally and socially responsible actions. EU research projects such as FORAM also foresee that global 

demand for metals remains robust in the future (Regueiro and Alonso-Jimenez, 2021), and the demand for sand 

in next decades will further grow. Sustainably supporting this demand is one of the biggest challenges society 

faces today.  

 

Earth system scientists claim that the earth has entered the Anthropocene era: an era when human activity has 

become the dominating geological force (Steffen, Crutzen and McNeill, 2007). Hence the role of anthropogenic 

pressures on the Earth System has gained momentum over the past two decades. Discussions on what 

sustainable use of natural resources looks like, including raw materials, and how to go about operationalizing it 

into measurable indicators and implementable policies, are still central. Albeit far from a silver bullet, 

discussions on sustainability and sustainable development are ever more moving towards frameworks of 

ŘŜǾŜƭƻǇƳŜƴǘ ǘƘŀǘ ŀŎŎƻƳƳƻŘŀǘŜ ŜŎƻƴƻƳƛŎ ŀƴŘ ǎƻŎƛŀƭ ǇǊƻƎǊŜǎǎ ǿƛǘƘƛƴ ά9ŀǊǘƘΩǎ ƭƛŦŜ ǎǳǇǇƻǊǘ ǎȅǎǘŜƳǎΥ ǘƘŜ 

ŦǳƴŘŀƳŜƴǘŀƭ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǇǊƻŎŜǎǎŜǎ ŀƴŘ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎ ƻƴ ǿƘƛŎƘ ƻǳǊ ƘƻǇŜǎ ŦƻǊ ǇǊƻǎǇŜǊƛǘȅ ŘŜǇŜƴŘέ 

(Matson, Clark and Andersson, 2016, p. 2)Φ /ƭŜŀǊƭȅ ŘŜŦƛƴƛƴƎ ǘƘŜ ǘƘǊŜǎƘƻƭŘ ƻŦ ŜŀǊǘƘΩǎ ƭƛŦŜ ǎǳǇǇƻǊǘ ǎȅǎǘŜƳǎ ƛǎ ŀƴ 

ongoing challenging task, especially if trying to envision what these thresholds look like at a local and regional 

scale, and how they can be taken into consideration when natural resource management, such as raw materials, 

is concerned.  

 

Lƴ ǘƘƛǎ ǎǘǳŘȅ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎ ŀǊŜ ŘŜŦƛƴŜŘ ŀǎ άnatural and man-made components of nature that are important 

to peopleέ (Varone et al., 2002, p. 78). Time necessary for the renewal of a resource indicates whether the 

resource is renewable, i.e. water, wind, or non-renewable, i.e. minerals, aggregates. Both renewable and non-

renewable resources are subject to use: direct use, such as input factors for production; indirect use, such as 

absorption for pollutants; or immaterial use, such as for aesthetic or cultural purposes (Varone et al., 2002).  

 

Articulated criticism of the last couple of decades towards traditional environmental policies implemented in 

Europe highlights a handful of limitations of such policies in succeeding to protect natural resources. First, 

traditional environmental policies focus on protection measures, hence indirect uses of resources, seeking to 

reduce emissions and protect natural environments against polluting hazards. Albeit having achieved some 

results, especially with regards to water and air protection and waste treatment, these policies have been less 

successful in terms of nature, soil and landscape protection. An emission protection approach also poses 

limitations in terms of regulating other forms of exploitation that are not necessarily accompanied with 

emissions, such as water withdrawal, land use conversion, clear cutting and so on, which is considered as 

sustainability perspective on natural resources by traditional environmental policy. Therefore, it is possible that 

the successful implementation of environmental policy that regulates emissions can pave the way to legitimate 

over-exploitation of resources (Knoepfel, Nahrath and Varone, 2007). As far as management of natural 

resources is concerned, traditional environmental policies have fallen short in providing a framework that 

safeguards the sustainable use of resources while addressing multiple, and often conflicting, uses of the 

resources. Institutional Resource Regime theoretical framework suggests a resource-based approach, which 

shifts from a pollution restriction focus to safeguarding the renewal capacity of resources, by coherently 

regulating all the uses of the resource within its environmental limits. The next section further elaborates this 

new approach to sustainability of resources. 
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2.2 ALTERNATIVE VIEW OF SUSTAINABILITY: THE INSTITUTIONAL RESOURCE REGIME 

(IRR) 

In response to such limitations, Institutional Resource Regime (IRR) has been proposed as a theoretical 

framework which offers a resource-based approach to sustainability, in which the focus shifts from pollution 

ǊŜǎǘǊƛŎǘƛƻƴ ǘƻ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǘƘŜ άǎǘƻŎƪǎέ ǳǎŜŘ ŦǊƻƳ ŀ ǊŜǎƻǳǊŎŜ ƛƴ ŀ ǿŀȅ ǘƘŀǘ ǿƛƭƭ ǎŀfeguard the renewal 

capacity of the resource systems (Varone et al., 2002; Knoepfel, Nahrath and Varone, 2007; J. D. Gerber et al., 

2009). Kneopfel et al. (2007) recognize the effort in the sustainable development discourse to coordinate 

between environmental requirements and restrictions on the one hand, and the social and economic 

requirements affected by these restrictions, on the other. Nevertheless, the underlaying assumption that it is 

possible to obtain sufficient quantity of resource units which match social and economic requirements, while 

ǎǘŀȅƛƴƎ ǿƛǘƘƛƴ ǘƘŜ ǊŜǎƻǳǊŎŜΩǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ōƻǳƴŘŀries is far from evident. The IRR theoretical framework 

builds on the suggestion that the sustainable management of natural resources is closely linked to the stocks of 

the resource and the renewal capacities of the resource systems. Hence, IRR suggests a resource-based 

sustainability framework, as an alternative to a use/user based one. From this perspective, there is scope for 

prioritizing the environment sustainability of the resource over the social and economic dimensions of 

sustainability, since the ecological sustainability of resource systems constitutes a necessary condition for the 

support of social and economic sustainability (Knoepfel, Nahrath and Varone, 2007).  

Lƴ ƭƛƴŜ ǿƛǘƘ wƻŎƪǎǘǊǀƳ Ŝǘ ŀƭΦΩǎ (Rockström et al., 2009) planetary boundaries concept, the IRR framework 

suggests that the sustainability of a resource system can only be guaranteed if all the users and beneficiaries 

jointly do not extract from a resource more than what its renewal capacities allow for (resource boundaries). 

All institutional regulations that overview the behaviour of different beneficiary groups and owners of the 

resource should jointly aim at guaranteeing that the resource boundaries are not exceeded (Varone et al., 

2002). In this sense, all the regulations and strategies aiming at guaranteeing the sustainable use of the resource 

ǎƘƻǳƭŘ ƎƻǾŜǊƴ ŀƭƭ ƻŦ ǘƘŜ ǳƴƛǘǎ όάŦǊǳƛǘǎέύ ŎƻƴǎƛŘŜǊŜŘ ŜȄǘǊŀŎǘŀōƭŜ ŦǊƻƳ ǘƘŜ ǊŜǎƻǳǊŎŜ ƻǾŜǊ ŀ ǇŜǊƛƻŘ ƻŦ ǘƛƳŜ ŀƴŘ ƛƴ ŀ 

given geography. This calls, first and foremost, for a definition of a maximum quota for the 

extraction/withdrawal of resource units, with both quantitative and qualitative criteria which take into account 

the renewal capacity of the resource. This quota is then shared between different rival users, ideally seeking to 

fulfil social and economic sustainability principles (Knoepfel, Nahrath and Varone, 2007).  
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Figure 2 Water resource and goods/services (units) extracted from it (Source: (Varone et al., 2002)) 
 
Exploiting of a natural resource often leads to use rivalries and sometimes conflicts amongst users. The long-

term solution of these conflicts involves a political process of defining rules that regulate these uses (J.-D. 

Gerber et al., 2009) . An institutional Regime (IR) in this context, refers to άŀƭƭ ǘƘŜ ŦƻǊƳŀƭ ǊǳƭŜǎ ƎƻǾŜǊƴƛƴƎ ǊŜǎƻǳǊŎŜ 

ǳǎŜǎ ƛƴ ŀ ƎƛǾŜƴ ŀǊŜŀέ (J. D. Gerber et al., 2009). In other words, an institutional regime refers to all rules and 

regulations governing the share of the resource quota amongst rival users. IRR identifies two layers of formal 

rules that regulate uses:  

¶ rules emerging from private law, such as property rights, contracts, and  

¶ rules emerging from public law, such as national, regional and municipal legislation formulated within 

public policy programs.  

Precisely due to this double foundation of use rights (in public policy and property rights) IRR framework 

combines policy analyses (including resources, actors, institutional rules) with property rights theory to enable 

the identification of the most important regulatory dimensions which can explain and help tackle the 

unsustainable uses of resources. 
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2.3 IRR FRAMEWORK FOR NON-RENEWABLE RESOURCES AND ITS APPLICATION TO 

THE EXTRACTIVES SECTOR 

In the 20th century the term (resource) also came to represent surface and subsurface productions: we speak 

ƻŦ ŀƎǊƛŎǳƭǘǳǊŜΣ ƳƛƴƛƴƎ ŀƴŘ ƻƛƭ ǊŜǎƻǳǊŎŜǎ ǘƘŀǘ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ΨƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎΩ όhȄŦƻǊŘ 5ƛŎǘƛƻƴŀǊȅύ όDŜǊōŜǊ Ŝǘ 

al., 2009). As LwwΩǎ ǇǊŜƳise for sustainable management of resources is closely linked to safeguarding their 

renewal capacity, it seems from the outset that IRR framework is only applicable to renewable resources. 

Knoepfel et al. (2007) suggest that the management of natural resources should concern itself with renewable 

resources since non-renewable resources are easier to substitute with the help of technological processes. As 

a result, only a few studies have adopted an IRR framework to analyse the sustainable use of non-renewable 

resources, such as geomorphologic sites (Reynard, 2005).  

 

Despite classifying as non-renewable resources, the discourse on sustainable mineral resource extraction can 

still unfold from a (renewable) resource sustainability perspective, since an increasing demand for minerals has 

its toll on renewable resources. Mining influences 50 million km2 ƻŦ 9ŀǊǘƘΩǎ ƭŀƴŘ ǎǳǊŦŀŎŜΣ ƻŦ ǿƘƛŎƘ у҈ ŀǊŜ 

protected areas, 7% are key biodiversity areas and 16% are remaining wilderness; all of which are considered 

crucial for halting biodiversity loss (Sonter et al., 2020). Additionally, overall extractive activity is very dependent 

on renewable natural resources such as water and land for both direct uses, as input factors for production, 

and indirect uses, in terms of absorption of pollutants. As a result, the identification of the institutional 

conditions for their sustainable management constitutes a scientific as well as policy priority.  

 

It can be reasonable to argue that sustainability of management practices of non-renewable resources largely 

depends on the impact that the latter have on the renewable resources they depend on. The new conceptual 

shift brought about by the Brundtland-Report (1987) on approaching sustainability from a reproductive capacity 

ƻŦ ǊŜǎƻǳǊŎŜǎ ǇŜǊǎǇŜŎǘƛǾŜΣ ƻƴ ǿƘƛŎƘ ǘƘŜ LwwΩǎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŦƻǊƳǳƭŀǘƛƻƴ ƭŀǊƎŜƭȅ ǊŜƭƛŜǎ (J. D. Gerber et al., 2009), 

leads to the question of how non-renewable resource use, such as mining, affect the reproduction capacity of 

renewables. This study proposes an adaptation of the IRR lens to analyse the role of mineral extraction in the 

sustainable management of the renewable resources it affects.  
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Figure 3 The impact of mineral extraction in the sustainable management of renewable resources (Source: IRR 
framework adapted by authors) 

In this study, IRR framework is applied insofar as understanding the effects that institutional rules (public 

policies and property rights) that facilitate mineral extraction have on the renewable resources they utilize. 

Note that while renewable resources such as water, biodiversity and air, are usually affected by the impact of 

many users/sectors (Figure 3) this study focuses only on the impact that mineral extraction has on the 

renewability of these resources. While analysing the cumulative effect of all such uses on each of the renewable 

resources gives a complete picture of the sustainable use of these renewable resources, this is beyond the 

scope of this study.  

  



 

 

DELIVERABLE 3.2 
 

 

SUM_WUR_D_3.2_ Draft_Report_Policy_Analysis_05          Page 14 / 147 

2.4 OPERATIONALIZATION AND DATA COLLECTION 

In this study, the sustainable management of extractives in two case studies, Spain and Sweden, in relation to 

their impact on renewable resources is assessed at the scale of the extraction ΨŦǳƴŎǘƛƻƴŀƭ ǎǇŀŎŜΩΦ CƻǊ practical 

reasons, the extraction functional space is defined as the area included within a 5km radius from the extraction 

site. Therefore, renewable resources affected by the extraction activities are identified through inventorying 

different land uses comprised within a 5km radius from the extraction site.  

 

The IRR framework proposes two concepts to evaluate the state of regulations of a resource: extent and 

coherence. Extent refers the number of uses regulated by the institutional regime in relation to the total 

number of uses that exist, throughout the whole resource exploitation lifecycle, i.e. the extent to which all uses 

of water by a user in a water basin are regulated. As explained before and illustrated in Figure 3, this study 

focuses particularly on the extent to which the uses of each renewable resource (i.e. water, land, nature and 

biodiversity) from the extractive activity are regulated, rather than comprehensively analysing every use. The 

importance of the extent of regulation is based on the idea that a lack of regulation of the behaviour of users 

can result in over-exploitation of the scarce resource (Knoepfel, Nahrath and Varone, 2007; J. D. Gerber et al., 

2009). The extent to which goods/uses of a resource are regulated is also closely linked to global resource 

quota1 and how quotas are translated into national/regional boundaries and limitations on individual use rights 

of a resource (Knoepfel, Nahrath and Varone, 2007). Therefore, here we also evaluate the existence (or lack of) 

maximum quotas that can be used from each resource (i.e. max water extraction ς total liters/month,year) and 

how these quotas affect extractive operations analysed in each case study. 

 

Coherence refers to the content and connection of different regulations of the resource. Internal coherence of 

the property rights regime establishes the degree of precision in the property rights system (an example of 

incoherence would be multiple property claims on the same parcel). Internal coherence of public policy refers 

to the degree of coordination between different policies (an example would be incoherencies between 

exploitation policies and conservation policies). External coherence refers to the mode of connection between 

public policy and property rights. It particularly depends on whether both sets of rules target the same users 

(this reflects particularly cases in which policies target groups that do not have use rights, whose subsequent 

change in behaviour will not affect the actual uses of the resource) (Gerber et al., 2009).  

 

The higher the extent to which the goods/uses of a resource are regulated, and the more coherent these 

regulations are, the more an institutional regime moves towards integration, as shown in Figure 4. The central 

hypothesis of IRR is that the closer the resource regime moves towards an Integrated Regime, the higher the 

likelihood for the creation of conditions for the sustainable use of the resource. Lack of regulation of user 

behaviour (extent), through specific use rights emerging from policies and/or property rights, leads to a higher 

risk of overexploitation. Similarly, incoherence or gaps in policies and property-rights system, as well as between 

these two components, also constitutes a major cause for over-exploitation of resources (albeit there could 

also be a case for over-regulation). 

 
 
11 Referred to as the Earth's "Rules of the game" (Rockström et al., 2009) 
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Figure 4 Four typologies of IRR according to extent and coherence, adapted from Gerber et al. (J. D. Gerber et 
al., 2009) 
 

This evaluation was conducted for each renewable resource affected by the extractive industry in focus in the 

two case studies, namely underground metal mining in Boliden Area, Sweden and open cast aggregate 

extraction in Canteras La Ponderosa, Spain. The next step was the identification of the institutional conditions 

for the sustainable management of these resources while upholding the extractive operations, without taking 

for granted that this is always possible.  

 

Data collection has been carried out making use of primary sources, such as interviews, site visits and 

observations, and secondary sources, such as reviews of key reports, legislation, strategies, digital maps and so 

on. Based on the land use inventory, a comprehensive stakeholder analysis was conducted. This analysis 

includes stakeholders relevant for each land use. Stakeholders were identified as relevant in the realm of public 

policy (local, regional, national policy makers) and in the realm of property rights (landowners, concessionaires, 

leaseholders, users). This step has informed the selection of stakeholders interviewed in both cases and the 

questions for the semi-structured interviews, with a clear focus on land use planning and relevant policy areas 

such as EIA and permitting. Table in Annex 1 summarizes the key stakeholders interviewed for Boliden Area 

case, Sweden and Canteras La Ponderosa case in Spain, together with the codes used throughout the text to 

refer to each interview: 
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2.5 DELPHI STUDY FOR FINDINGS VALIDATION AND SYSTEMATIZATION 

Findings from the two case studies were discussed and evaluated by a group of international experts through a 

Delphi Study. A Delphi Study is an iterative research process in which expert opinions are refined through 

several rounds of feedback and discussion. A Delphi Study provides clarity about consensus and dissent and 

ŘƛǎǇƭŀȅǎ ǘƘŜ ǇǊƻπ ŀƴŘ ŎƻǳƴǘŜǊπŀǊƎǳƳŜƴǘǎ ōŜƘƛƴŘ ǘƘŜƳΦ ¢ƘŜ {¦a9· Delphi Study was carried out in two rounds: 

Round 1, carried out 07th ς 30th June 2022, and Round 2, carried out 07th -18th July 2022. Several steps were 

followed in this process, as described below: 

 

The invitation for participation for SUMEX Delphi Study was guided by the following principles. The interviewees 

should (i) understand the extractive life cycle, (ii) have in-depth understanding of (at least one of the) three 

main identified SUMEX focus areas: land use planning, environmental and social impact assessment and 

permitting, (iii) have experience different commodities (i.e. metal or aggregates), (iv) cover the identified policy 

domains, (v) include different actor groups, to ensure that different knowledge types, values/mindsets, 

perspectives and interests are considered (e.g. policy makers, public administration, academics, NGOs, industry, 

and civil society). As contingency measures, reminders were sent out to actor groups ǿƘŜǊŜ ǳƴŘŜǊπ

representation in the survey was noticed. Additionally, the questionnaire was made publicly accessible, seeking 

to ensure a wide participation. 

 

The Delphi questionnaire included four main parts. The first group of questions reflect on institutional regimes 

of the main renewable resources analysed in the case studies. Here, some key findings of the IRR analysis of the 

two cases were expressed in the form of statements, which were evaluated and discussed by Delphi 

participants. The second group of questions reflect on land use planning practices. Findings of the IRR analyses 

of the two cases in relation to land use planning were again discussed by participants, by evaluating and 

commenting on several statements. The third group of questions focuses on land policy instruments that can 

facilitate access to land for extractive activities. Participants were asked to evaluate and discuss these 

instruments commenting on aspects to do with efficiency, efficacy, transparency and legitimacy. Finally, eight 

practices were selected from the Meta-Analysis and Inventory of Extractives and Related Projects (WP2) and 

evaluated by respondents in terms of how appropriate the measures presented in the cases are and how 

transferable the cases are.  

Finally, the Delphi study helped to evaluate and identify strategies and instruments in different institutional 

regimes which can support sustainable management of extractives.  
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3.1 MINING POLICY FRAMEWORK IN SWEDEN 

Sweden is one of the leading EU mining nations, and it seeks to maintain and strengthen this position in the 

next decades. 92% of iron ore production in EU comes from Sweden, ǿƘƛŎƘ ŀƭǎƻ ƛǎ 9¦Ωǎ ƭŀǊƎŜǎǘ ƭŜŀŘ ŀƴŘ ȊƛƴŎ 

producer, second largest silver producer and one of the biggest gold and copper producers in Europe. Sweden 

also plays a world-leading role in metallurgical research and development (R&D). Although the number of mines 

has decreased, with currently 12 active metal mines in the whole country, the overall production has increased 

(Geological Survey of Sweden, 2020b). In terms of their ownership, the Swedish Mineral Act (1991:45, lastly 

amended in 2018) recognizes two types of minerals: concession minerals and landowner minerals. 99% of the 

Swedish bedrock is composed of landowner minerals, which are not included in the Mineral Act (gravel, sand 

and other minerals) (Thorell, 2020). The Chief Mining Inspector is the mining permit granting institution for 

concession minerals, while the landowner minerals are extracted based on private agreements between the 

enterprise and the landowners, after establishing compliance with the relevant environmental requirements 

based on the Swedish Environmental Code and Swedish Planning and Building Act. The Swedish Land and 

Environmental Courts are the decision-making authorities on environmental permits required for any mineral 

extraction operation. The table below summarizes the main legal acts which regulate mineral extraction in the 

country: 

 
Table 1 Legislation regulating mineral extraction activity in Sweden (Source: (Svenska Kraftnät (Swedish Power 

Grid), 2015; MINLEX project, 2019b; Geological Survey of Sweden, 2020a; Mining Inspectorate of Sweden, 

2021) 

Sector Legislation  

Mining, H&S, 
Concessions 

The Minerals Act (1991:45) 

The Minerals Ordinance (1992:285) 

Act concerning Continental Shelf (1966:314) 

Continental Shelf Ordinance (1966:315) 

Environmental 
management 

Environmental Code (1988:808) 

Act concerning the Management of Natural Resources (1987:12) 

Ordinance concerning Extractive Waste (2008:722) 

Ordinance concerning Environmental Hazardous Activities and Protection of Public Health 

(1998:899) 

Ordinance concerning Notification for Consultation (1998:904) 

Ordinance concerning Environmental Impact Assessments (1998:905) 

Ordinance concerning Species Protection (2007:845) 

Work Environment Act (1977:1160) 

Ordinance concerning the Work Environment (1977:1166) 

Ordinance concerning Protection of Areas (1998:1252) 
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Sector Legislation  

Forestry Act (1979:429) 

Forestry Ordinance (1993:1096) 

Water 
management 

Ordinance concerning Water Management (2004:660) 

Ordinance on Management of the Quality of the Aquatic Environment (2004:660) 

Act on specific provisions on water operations (1998:812) 

Civil Protection Act (2003:778) (dam safety) 

Ordinance concerning Dam Safety (2014:214) 

Ordinance concerning Civil Protection (2003:789) 

Land use 
planning, 
spatial 

development 

Planning and Building Act (2010:900) 

Ordinance concerning Environmental Regulation (2013:251) 

Real Property Register Act (2000:224) 

Culture 
heritage 

Act concerning Ancient Monuments and Finds (1988:950) 

Act concerning the Cultural Heritage Management (1988:950) 

Heritage Conservation Act (1988:950) 

Heritage Conservation Ordinance (1988:1188) 

Public 
administration 

The Administrative Procedure Act (1986:223) 

Act about Land and Environmental Courts (2010:921) 

 

Since the ownership of the minerals is not clearly defined as linked to the state, no royalties are to be paid for 

mineral extraction in Sweden. Also, the ownership of minerals is separated from that of land, hence there is no 

requirement for the applicant (for an exploration/exploitation permit) to own the land. In other words, mining 

legislation allows private parties, such as mining companies, to conduct mineral extraction activity in someone 

ŜƭǎŜΩǎ ǇǊƻǇŜǊǘȅ (Thorell, 2020). The most common way of accessing these minerals is through buying the land 

or signing an agreement with the landowner. The landowner has no exclusive right to decide on minerals being 

claimed within their property (no veto). Nevertheless, the Mineral Act establishes compensation at a maximum 

of 0.2% of the estimated value of the extracted mineral brought to the surface yearly; three quarters of this 

compensation go to the landowner and the rest to the state to support R&D. No mineral compensation is 

payable to right holders such as leasees or reindeer herding right holders (Johnson and Ericsson, 2015).  

 

4 {¦{¢!Lb!.[9 aLb9w![ 9·¢w!/¢LhbΚ !b Lb{¢L¢¦¢Lhb![ w9{h¦w/9 

w9DLa9 !b![¸{L{ Chw .h[L59b !w9! ¦{9 /!{9Σ {²959b 

4.1 BOLIDEN AREA 

The Boliden Area is located in the mineral-rich Skellefte field in the county of Västerbotten, northern Sweden, 

operated by Boliden since the 1920s. The area currently comprises of the Renström, Kristineberg and Kankberg 

underground mines and the Maurliden open-pit mine. All of the mines in the area, with the exception of 

Kankberg, produce complex polymetallic ores that contain zinc, copper, lead, gold and silver. The mines supply 
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ore to the concentrator at Boliden, which is also home to leaching plants for gold and tellurium production. In 

2019, around 2,028 ktonnes of ore were processed by approximately 650 employees. 

In this area Boliden has a long history of working with different types of interest to land like landowners, hunters, 

community, reindeer herders (several Sami villages) etc. Some examples of this experience will be presented in 

this section, together with an analysis of the institutional regime regulating resources affected by the mineral 

extraction activity in Boliden Area.  

4.1.1 EXPLOITATION 

Mineral extraction in Boliden Area started around 100 years ago with the first gold deposit, Boliden mine, 

discovered in the mineral rich Skellefteå field in northern Sweden. Almost 30 mines have operated in Boliden 

Area over the years, supplying the ore treated in the Boliden Concentrator, also referred to as Boliden Area 

Operations Processing Plant (BAOPP) and supplied to the Ronnskär smelter in Skelleftehamn on the Baltic coast. 

!ŦǘŜǊ ǘƘŜ ŎƭƻǎǳǊŜ ƻŦ aŀǳǊƭƛŘŜƴ ƻǇŜƴ Ǉƛǘ ƳƛƴŜ ƛƴ нлмфΣ ǘƘŜ ŎƻƳǇŀƴȅΩǎ .ƻƭƛŘŜƴ !ǊŜŀ hǇŜǊŀǘƛƻƴǎ ό.!hύ includes 3 

underground mines: Renström, Kankberg and Kristineberg, and BAOPP (Albrecht, 2018; Boliden AB, 2021d). 

The table below gives a more comprehensive picture of the operations in these three mines: 

 
Figure 5: Illustrative map of Boliden Area (source: (Collin, 2018)) 
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Table 2: Extractive operations in Renström, Kankberg and Kristineberg Mines (Sources: (Boliden AB, 2020; 

Collin, 2020; The Kristineberg Mine and Rävliden North Technical Teams, 2020; Voigt and Bradley, 2020) 

 Renström Mine Kankberg Mine Kristineberg Mine 

Location 17 Km from BAOPP 10 Km from BAOPP 100 km from BAOPP 

Specific 
Characteristics 

Renström in the Boliden area is 
Sweden's deepest mine; in 
January 2019 it reached a 
depth of 1,500 metres 
Joined through an 
underground shaft with 
Petiknäs mine) 

Mine is accessed via a ramp 
from the historic Kankberg 
open pit mine. 
Mine depth: 620m 

Largest mine in Boliden 
area. 
Mine depth: 1,350m  

Metals mined Zinc, Silver, Gold, Copper, Lead Gold, Silver, Tellerium Gold, Silver, Copper, Zinc, 
Lead. 

Production 
rate 

479 kt/ year in 2020 535 kt/year in 2020 700 kt/year in 2020 

Mining 
Permits 

2 exploitation concessions 
(valid until 2025 and 2038) 

4 exploitation concessions 
(valid until 2025, 2026, 
2026, 2034) 

8 exploitation concessions 
(valid until 2023, 2025, 
2026, 2026, 2027, 2027, 
2032, 2043) 

Environmental 
Permits 

Up to 520 kt/year production 
rate 
Maximum concentration of 
pollutants in discharged in 
water, levels of noise, dust and 
vibration established.  

Up to 500 kt/year 
production rate (exception 
for 2020) 
Maximum concentration of 
pollutants in discharged in 
water, levels of noise, dust 
and vibration established. 
Acquisition/importation of 
additional waste rock for 
use as filling. 
Env. Monitoring 
19,2 MSEK financial 
guarantee to cover 
environmental liabilities in 
case of bankruptcy. 

Production rates. 
Placement of waste rock 
Management of water, 
water treatment 
Maximum concentration 
of pollutants in discharged 
in water, levels of noise, 
dust and vibration 
established. 
Env. Monitoring. 
Dam safety and 
management. 
Mine closure and 
rehabilitation. 
Economic security for mine 
closure. 

Land 
ownership 

Permit until 2025 is on Boliden 
AB owned land 
Permit until 2038 is on private 
land, royalties of 0.15% of 
minerals value paid to the 
landowner 
For both permits Boliden AB 
pays 0.05% of minerals value 
as royalty to the state. 

100% of the land is owned 
by Boliden AB. 
Boliden AB pays 0.05% of 
minerals value as royalty to 
the state. 

100% of the land is owned 
by Boliden AB. 
Boliden AB pays 0.05% of 
minerals value as royalty to 
the state. 

Forecast mine 
life 

 Until 2031  
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Boliden Area was established and is operated by Boliden AB; a Swedish mining and smelting company which 

produces mainly copper, lead, gold, silver and zinc. Boliden AB operates five smelters and six mines in Sweden, 

Norway, Finland and Ireland, and is engaged mainly with exploration, exploitation, smelting and metals recycling 

(Voigt and Bradley, 2020).  

 

4.1.2 TAILINGS MANAGEMENT FACILITIES 

Tailings from all the three operating mines in Boliden Area are deposited at Hötjärn Tailings Management 

Facility (TMF) next to BAOPP. (Voigt and Bradley, 2020) A potential challenge is that already the existing ore 

reserves exceeds the capacity in the TMF. (Voigt and Bradley, 2020). Hence, addressing this need through new 

future TMF is a priority to support future extractive activities in Boliden Area.  

 

Hötjärn TMF started operating in 2011. Since 2014, this TMCΩǎ ǎŀŦŜǘȅ ƛǎ ŜƴƘŀƴŎŜŘ ǿƛǘƘ ŀ ƘƛƎƘ-tech surveillance 

system which integrates fibre optic sensors in and around the dam and ponds to provide real time safety 

monitoring. When a leakage in the dam exceeding the limit values is detected, an automatic warning is sent to 

the mill. This significantly improves the ability to react quickly at any time. Data collected in real time not only 

supports quick reaction to any issues that may arise, but also provide comprehensive input for a yearly 

assessment of the dam safety (Boliden AB, 2021b).  

 

Gillervattnet TMF, a former tailings pond site close to BAOPP of 300ha, has undergone reclamation work since 

2013. Various techniques are used to stabilize the sulphur-rich sand and avoid its oxidation which can acidify 

and cause environmental damage. The pond was initially partially drained, followed by a layer of waste rock 

and another protective layer of unsorted till. Cross-project repurposing of waste rock was part of the project, 

with 1.3 million m3 of excavated soil and rock from the Hötjärn tailings pond used for this reclamation project. 

The reclamation project aims to transform part of the site, around 200ha, into a wetland habitat for wildlife. 

This site was popular for migratory birds and the reclamation project aims at enhancing the biodiversity in this 

direction (Boliden AB, 2021a).   
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Figure 6 Gillervattnet reclamation project (Source: (Boliden AB, 2021a) 

 

Kristineberg TMF is located close to Kristineberg mine. Before 1991 Kristineberg mine had its own concentrator 

to process ore from several local mines. Tailings from the concentrator was deposited in five TMFs located in 

the valley below the mine, all of which with the exception of one (Magazine 4) have been closed and reclaimed, 

or are in the process of reclamation (The Kristineberg Mine and Rävliden North Technical Teams, 2020).  

 

4.1.3 EXPLORATION 

Boliden AB has been granted a number of exploration permits in Boliden Area, some of which are adjacent to 

the three ongoing operations, namely Kankberg, Renström and Kristineberg mines. Figure 7 and 8 below 

indicate in green the areas for which Boliden AB has been granted exploration permits, which are valid for the 

next few years and are renewable by the Mining Inspectorate. Exploration are at the moment is focused in the 

surroundings of Kristineberg mine and around Boliden (Strömfors project). 
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Figure 7 Exploration permits for Boliden AB (green) and other companies(blue) in the vicinity of Kankberg and 

Renstrom mines and Boliden Concentrator (Source: (Geological Survey of Sweden, 2021)) 

 
Figure 8 Exploration permits for Boliden AB (green) and other companies(blue) in the vicinity of Kristineberg 

mine (Source: (Geological Survey of Sweden, 2021)) 

4.1.4 MINE CLOSURE AND REHABILITATION 

Reclamation of mineral extraction areas that reach the end of their lifespan is a responsibility of the concession 

permit holder; in this case Boliden AB. Hence all of currently operating mines and smelters of Boliden AB have 

closure plans approved by relevant authorities.  

The most recent reclamation works have taken place in Långdal mine, where a dam in Skellefte River has been 

demolished. The reclamation works include a number of measures that improve the environmental safety of 

the project and fosters a circularity. For instance, sheet pilings that held the dam in place have been pulled up 

and reused in other projects (WP3SV2, 2021). Concurrently, in the realm of decontamination works which will 

continue during 2022, the last remaining waste rock is to be removed from the old mine and used as fill in 

Kankberg mine (Boliden AB, 2021e). Reclamation works also include the decontamination of roads and old 
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storage areas, sowing the slopes to counteract erosion and introducing of fish in the river. During the process, 

silt curtains were used to minimize turbidity (WP3SV2). Albeit the dam has now been removed, some 

decontamination works will continue also during 2022, and at the end of the project the environment in the 

area will remain subject to monitoring to ensure that the measures have the anticipated effect.  

 

 
Figure 9 The dam in Skellefte River during the reclamation works (Source: (Boliden AB, 2021e)) 

 
Figure 10 Skellefte River after the finalization of the reclamation works (Source: (Boliden AB, 2021e)) 
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Figure 11 Section of the dam in Skellefte River during reclamation works (Source: Authors, 2021) 

Currently (2022-2023) Boliden is reclaiming an old minesite close to Kristineberg, Rävlidmyran. 

 

 

4.2 INSTITUTIONAL REGIMES REGULATING RESOURCES AFFECTED BY MINING 

EXTRACTION IN BOLIDEN AREA 

As explained in Section 3.1 Institutional Resource Regime as Methodological Framework, assessing the 

sustainability of extractive activities in Boliden Area calls for an understanding of the different institutional 

regimes that extractives affect this area. To identify these institutional regimes, first an inventory of land uses 

was carried out, based on a spatial analysis focusing on the area included and in the vicinity of the extractive 

activity, within a 5km radius. Through this mapping exercise, 4 institutional resource regimes were identified: 

 

1) Institutional Regime for Protected areas of nature and biodiversity 

2) Institutional Regime for Reindeer Herding 

3) Institutional Regime for Water protection  

4) Institutional Regime for Land 

 
































































































































































