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The need for minerahw materials consumption is growiaigd so are the concerns about planetary boundaries
to support such need. This repgmesentsa resource basesustainabilityperspectivein extractive activities

By applying Institutional Resource Regimes as an analyticdhepffect that extractives have on renewable
resources is presented by making use of two case studies: Boliden Area in Sweden and Canteras La Ponderos
in SpainHere, sustainability ofx¢ractive industry is assessederms of the extent to which it affects the ability

of renewable resources to regenerate, such as water, biodiversity, reindeer, air, andTsotlois. end, the
institutional regime regulating such resources in relationextractives is analysed, and areas of policy
incoherenceaare identified.The main challenges identified in the two case stuthestitute the contents of a
Delphi Questionnaire conducted with 29 international expédftadings from the Delphi questiommaare
combined with those of the Case Studies to 1) hightigtim areas of policy incoherence, 2) discuss shared and
contextual reasonsontributing to these challenges and 3) highlighting recommendatinsckling these
challenges and moving towana®re institutional regimes that promote sustainable use of resources.

Findinggoint tofour renewable resources affected in Boliden Area case: Water, Land, Reindeer an&Nature
Biodiversityprotected areas, and four renewable resources affected iteGenlLa Ponderos#ater, Land, Air

and Nature& Biodiversity protected areas. In both cases, extractives operate in roostplex institutional
regimes(except for water IR in Sweden). Such complexity is a resottobference of different types: inter
resource policy incoherence (regulatory framework for one resource is incoherent in itseHjesotrece
policy incoherencerégulatory framework of two or more resources are not well aligned with each other and
provide institutional gaps) and incohace within the property rights systef@omplex institutional regimes
can create conditions of resource misuse and thus, lead to unsustainable resource management. Findings from
the Delphi questionnairkave highlighted instruments that can help shift thesmplex institutional regimes

to integrated oneswith a focus on instruments of land use planning and land policy. idwgamendations
point to institutional changes that are necesdaryensuring sustainable use (©énewablenatural resources

in the extraction industry.
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2.1 EXISTING WITHIN PLANETARY BOUNDARIES

OECD forecasthat by 2060 with a global population increase by 1.5 timesaaridcome per capita increase

by 2.7 times, there will ba doubling in mineral raw materials consuimpt(+110%with metals consumption
forecasted to increase by +15Q@ECD, 2019 he global implementation of resource efficiency meastnes
increased potential for a circular use of resources and the partial decoupling of materials use from economic
growthwill contribute toattenuate this growth but evertheless, extraction will continue to be a necesAisy.

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

G2 WwWOtSIky SySNHe&Q®d® hy @SN 3ISsE |y SdsSoiotikeGharOd NI NJ
conventional car. Similarly, an onshaiiad powerplant consumes nine times more mineral resources than a
gas plant.Sand consumption could soar 45% in the next four decastemining natural resources and
potentially creating shortges in the market of key construction materials produced by sand (concrete, glass,
etc). The following chart showd$or examplethe increase in @tal consumptionemerging from the rapid
deployment of clean energy technologies:

Transport (kg/vehicle) u Copper

Elecriccor | | Litiom
. m Nickel
Conventional car [ NG

m Manganese

50 100 150 200 250
. Cobalt
Power generation (kg/MW)
Graphite
Offshore wind | —
m Chromium
Onshore wind G I
Molybdenum
Solar PV |G
mZinc

Nuclear NI
Coal
o=l NN § Silicon
Natural gas [ Others
4000 8000 12 000 16 000 20000

u Rare earths

Figurel Mineral consumptiomper type of clean energiechnology (Sourceinternational Energy Agency,
2021)

Technological advancement of the last decades hgeladepended 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. Regaediegpoigh

effect that recycling and reuse can have on the need for new mining, meeting the future challenge of supporting
largescale demands for renewable energy requires steady availability of key miHeralst al, 2020) 82%

of mining areas globally target materials needed for renewable energy prod(fétiateret al, 2020) The

2 2 NI R 9 02 y 22016)epodt 8nNMilzivigkad Metals in aSainable 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 globa
demand for metals remains robust in the futuiRegueiro and Alonsbmenez, 2021 pnd the demand for sand

in next deades wilfurther grow Sustainably supporting this demand is one of the biggest challsogesy

faces today.

Earth system scientists claim that the earth has entered the Anthropocene era: an era when human activity has
become the dominating geologidorce(Steffen, Crutzen and McNeill, 200FEnce 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 ragriadaf 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
RSOSt2LIySyid GKIG | O02YY2RIGS SO02y2YAO FyR az20Alf
Fdzy RI YSYy Gl € SYG@ANRYYSy il f LINPOS&daasSa |yR yI (dzNT € |
(Matson, @rk and Andersson, 2016, pd2) / £ SF NI @ RSTAYAy3d GKS (GKNBaKz2f R
ongoing challenging task, especially if trying to envision what these thresholds look like at a local and regional
scale, and how they can be takeroinbnsideration when natural resource management, such as raw materials,

is concerned.

Ly GKAA& &adGdzRe yI ( dzNdatGral B da2niaelodnponéntd Bf naRuii That r&iRpottaat
to peoplé€ (Varoneet al, 2002, p. 78)Time necessary for the renewal of a resource indicates whether the
resource is renewable, i.e. water, wind, or ienewable, i.e. mineralaggregatesBoth renewable and nen
renewable resources amibject 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 puM@seseet 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 policigecus 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 wastertessf these policies have been less
successful in terms of nature, soil and landscape protection. An emission protection approach also poses
limitations in terms of regulatingtleer forms of exploitation that are not necessarily accompanied with
emissionssuch as water withdrawal, land use conversion, clear cutting and,sehaih is considered as
sustainability perspective on natural resources by traditionat@mmentalpolicy Therefore, it is possible that

the successful implementation of environmainpolicy that regulates emissions can pave the way to legitimate
overexploitaion of resourcegKnoepfel,Nahrath and Varone, 2007As far as management of natural
resources is coneeed, traditional environmental policies have fallen short in providing a framework that
safeguards the sustainable use of resounstbie addressing multiple, and often caetflig, uses of the
resourceslnstitutional Resourc®egime theoretical framework suggests a rescbased approachyhich

shifts froma pollution restriction focus tsafeguarding the renewal capacity of resouyrd®s coherently
regulating all the used the resource within its environmental limits. The next section further elabatates

new approach to sustainability of resources.

SUM_WUR_D_3.2_ Draft_Report_Policy_Analysis_0 Page9d/ 147



-—

SUMER A

DELIVERABBR

2.2 ALTERNATIVE VIEW OF SUSTAINABILITY: THE INSTITUTIONAL RESOURCE
(IRR)

In response to such limitations, InstitutibrResource Regime (IRR) has been proposed as a theoretical
framework which offers a resourtmsed approach to sustainability, in which the focus shifts from pollution
NEAGNRAOGAZ2Y (G2 GKS YIylFr3aSYSyid 27 (K Sfeghatdit® Geheival dza S
capacity of the resource systeifM&aroneet al, 2002; Knoepfel, Nahrath and Varone, 2007; J. D. Getrbér

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 #ected 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
aldleAy3a gAGKAY (KS NB e dNdDBom &vidény Phe NRIR yhedsesical lfrdmeviogk dzy” R
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 systdmice, IRR suggestsresourcebased
sustainability framework, as an alternative to a use/user basedroom this perspective, there is scope for
prioritizing the environment sustainability of the resource over the social and economic dimensions of
sustainability, since thecelogical sustainability of resource systems constitutes a necessary condition for the
support of social and economic sustainab{itgoepfel, Nahrath and Varone, 2007)

Ly fAYyS 6A0GK (Ro2kStioreti all12009)Banetaty hodn@adies 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 kEs)ndari

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 ex¢vadedeet al,

2002). In this sense, all the regulations and strategies aiming at guaranteeing the sustainable use of the resource
aK2dzf R 32@0SNYy Fft 2F (KS dzyAdGad O0OGFNHAG&aé0 O2yaAARS]H
given geography. This allfirst 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 betwesmreliffival users, ideally seeking to

fulfil social and economic sustainability princigl&soepfel, Nahr&tand Varone, 2007)
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Figure2 Water resource and goods/services (units) extracted from it (Sdivfaaane 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 the¢&-MDses
Gerberet al, 2009). An institutional Regime (IR) in this context, refeéskof f (G KS F2NX I f NMzf S &
dza Sa Ay | (J. B.AG@rBeyt all 2808) Iré other words, an institutional regime refers to all rules and
regulaions governing the share of the resource quota amongst rival users. IRR identifies two layers of formal
rules that regulate uses:

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

9 rules emerging from public law, such as natiomgional 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, institutioes)l 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-RENEWABLE RESOURCES AND ITS APPLICATION
THE EXTRARES SECTOR

In the 20" century the term (resource) also came to represent surface and subsurface productions: we speak
2F FANROdzE GdzNBSX YAYAy3d yR 2Af NBaz2dzNOSa GKIFG | NB
al., 2009) AsL w w Q Zise tai\sBstinable management of resources is closely linked to safeguarding their
renewal capacityit seemsfrom 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 nerenewable resources are easier to substitute with the help of technological processes. As

a result, only a few studies have adopted an IRR framdwarkalyse the sustainable use of remewable
resources, such as geomorphologic sjeynard, 20085)

Despite classifying as noenewable resources, the discourse on sustainabieeral resource extractiocen

still unfold from a (renewable) resource sustainability perspective, since an increasing demand fortmamerals

its toll on renewable resources. Mining influences 50 milliof BnF 9 | NI KQa f YR & dzNJF | ¢
protected areas, 7% are key biodiversity areas and 16% are remaining wilderness; all of which are considered
crucial for halting biodiversity lo&Sonteret al, 2020) Addtionally,overall extractive activitg 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 identificdtithe énstitutional
conditions for their sustainable management constitutes a scientific as well as policy priority.

It can be reasonable to argue that sustainability of management practices-tfmamable resources largely
depends on the impact thahé latter have on the renewable resources they depend on. The new conceptual
shift brought about by the BrundtlariRleport(1987)on approaching sustainaibjl from a reproductive capacity

2F NBaz2dz2NODSa LISNARLISOGAGS: 2y ¢ KA OK(J. DKGRrbeztwlnw20@) & dza i
leads to the question of how neenewable resource use, such as mining, affectepeoduction capacity of
renewablesThis study proposes an adaptation of the IRR lens to analyse the muleecdl extractiorin the
sustainable management of the renewable resources it affects.
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IRR Water

Figure3 The impact omineral extractiorin the sustainable management of renewable resouf8esirce: IRR
framework adapted by authors)

In this study|RR framework is applied insofar as understanding the effeatsnstitutional rules (public
policies and prperty rights)that facilitate mineral extractiorhave on the renewable resourctwy utilize.

Note that whilerenewable resources such as water, biodiversity and air, are usually affected by the impact of
many users/sectorgFigure 3)this study focusesonly on the impact thatmineral extractionhas on the
renewability of theeresource. While analysing theumulativeeffect of all such uses on each of the renewable
resources gives a complete picture of ghestainable use of these renewable resourceis, i beyond the

scope of thistudy.
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2.4 OPERATIONALIZATAND DATA COLLECTION

In this study, the sustainable managemenexifractives in two case studies, Spain and Swedealation to

their impact on renewable resources is assessed at the scale efttaetionW T dzy O (i A 2 ¥ Ipractical LI O S ¢
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 radfos the extraction site.

The IRR framework proposes two concept&valuatethe state of regulations of eesource: extent and
coherence Extentrefers the number of uses regulated by the institutional regime in relation to the total
number of uses that exist, throughout the whole resource exploitation lifecyclénhe extent to which all uses

of waterby auserin a water basin are regulateds explainedbefore and illustrated in Figure 3, tistudy
focuses particularly othe extent to whichthe uses of each renewable resoufte. water, land, nature and
biodiversity)from the extractive activitgre regulated, rather than comprehensively analysing everyTuse.
importance of the extent of regulation is based on the idea that a lack of regulation of the behaviour of users
can result in oveexploitation of the sarce resourcéKnoepfel, Nahrath and Varone, 2007; J. D. Gextbalr,

2009) The extent to which goodsdas of a resource are regulated is also closely linked to global resource
quota and how quotas are translated into national/regional boundaries and limitations on individual use rights
of a resourcéKnoepfel, Nahrath and Varone, 2Q0M)erefore, here we also evaluate the existence (or lack of)
maximum quotashat can be used from each resource (i.e. matewextractiory total liters/month,yeay and

how these quotas affect extractive operati@amalysed in each case study.

Coherenceefers to the content and connection of different regulatiofshe resourcelnternal coherence of

the property rights rgime 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 étample 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 thessame u

(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 reso(®eeperet al, 2009).

The higher the extent to which the goods/usdsa resource are regulated, and the more coherent these
regulations are, the more an institutional regime moves towards integrasshown in Figuee The central
hypothesis of IRR ikat the closer the resource regime moves towardhtagrated Regime, the higher the
likelihood for the creation of conditions for the sustainable use of the resbackeof 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 pragatsysystem, as well as between
these two components, also constitutes a major cause for@yaoitation of resources (albeit there could

also be a case for oveegulaion).

11 Referred to as the Earth's "Rules of the game" (Rockstrém et al., 2009)
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HIGH COHERENCE
ﬂk

SIMPLE REGIME
is one whereby a limited
number of goods are
regulated in a coherent way

INTEGRATED REGIME

situations whereby all goods
used are regulated coherently

LOW EXTENT » HIGH EXTENT
NON-EXISTENT REGIME COMPLEX REGIME
is one whereby a resource does situations whereby most goods that
not have kind of property right are used are reqgulated, however the
associated to it and in which regulation is (to various extents)
goods are not regulated incoherent
LOW COHERENCE

Figure4 Four typologies of IRR according to extent and coherence, adapted from Gerbél. dd.a5erber et
al., 2009)

This evaluation was conducted for each renewable resource affected bytrietie® industryin focus in the

two case studies, namely underground metal mining in Boliden Area, Sweden and open cast aggregate
extraction in Canteras La Ponderosa, Sgdia.next step was thdentification of the institutional conditions

for the sugainable management of these resouredsile upholdinghe extractive operations, without taking

for grantedthat thisis always possible

Data collection has been carried out making use of primary sources, such as interviews, site visits and
observatiors, and secondary sources, such as reviews of key reports, legiskatitagies digital mapsnd so

on. Based on the land use inventory, a comprehensive stakeholder analysis was conducted. This analysis
includes stakeholders relevant for each land 8sdeholders were identified as relevant in the realm of public
policy (local, regionahational policy miers) and in the realm of property rights (landowners, concessionaires,
leaseholders, usersJhis step has informed the selection of stakeholders interviewed in both cases and the
guestions for the senstructuredinterviews, with a clear focus on lanceysdanning and relevant policy areas

such as EIA angermitting Table in Annex dummarizeghe key stakeholders interviewed for Boliden Area

case, Sweden and Canteras La Ponderosa case intSgather 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 discusseldevaluated by a group of international experts through a
Delphi StudyA DelphiStudy is an iterative research procéssvhich expert opinions are refined through

several rounds of feedback and discussion. A Delphi Study prolddasabout consensus and dissent and
RAaALI F@ad GKS LINEBn | yR O2dzy ( B Sthdgvasrigdiodit ingo3okimdsf R K
Rourd 1, carried out07th ¢ 30th June 2022, and Round @arried ou7th -18th July 2022. Several steps were
followed in this process, as described below:

The invitation for participatiofor SUMEX Delphi Studsasguided by the following principles. The interviewees
should (i)Junderstandthe extractive life cycle(ii) have indepth understanding of (at least one of thbjee

main identified SUMEX focageas: land use planning, environmental and social impact assessment and
permitting, (iilhaveexperiencalifferentcommoditiei.e. metal or aggregategjv) cover the identified policy
domains, (v) include different actor groups, to ensure that diffetknowledge typesyalues/mindsets,
perspectives and interests are considered (e.g. policy makers, public administicaemics, NGOs, industry,

and civil society)As ontingency measuresreminders were sent out to actor groupss KSNB dzy RS
represenation in the survey was noticefldditionally, the questionnaire was made publicly accessixéjng

to ensure a wide participation.

TheDelphiquestionnaireincluded four main parts. The first group of questions refledéhstitutional regimes

of the main renewable resourcasalysedin the case studieddere some keyindings of the IRR analysis of the
two cases were expressed in the form of statementschvhiere evaluated and discussed by Delphi
participants. The second group of questions reflect on land use planning prdeticisgs of the IRR analyses

of the two cases in relation to land use planning were again discussed by partidiyaataluatingand
commenting on several statementhe 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
instrumentscommenting on aspects o with efficiency, efficacy, transparency and legitimgkmally, eight
practices were selected from thdeta-Analysis and Inventory of Extractives and Related Projects (WP2) and
evaluated by respondents in terms lodw appropriate the measures presented in the cases are and how
transferable the cases are.

Finally, the Delphi studyelped toevaluate and idatify strategies andnstrumentsin different institutional
regimeswhich can support sustainable managemeingxtractives.
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3.1 MINING POLICY FRAMEWORK IN SWEDEN

Swedenis one of the leading EU mining natioasd it seeks to maintain and strehgn this position in the

next decades92% of iron ore production in EU comes from Swedei,A OK | f a2 A& 9! Qa f |
producer, second largest silver produaed one of the biggest gold and copper producers in Euypeden

also plays world-leading role in metallurgical research and development (Réibpugh the number of ines

has decreased, with currently 12 actimetalmines in the whole country, the overall production has increased
(Geological Survey of Sweden, 2020bYerms of their ownershiphe Swedish Mineral Act (1991;4&stly
amended in 208) recognizes two types of minerals: concession minerals and landowner mP@¥aisfthe
Swedish bedrock is composed of landowner mingvaigch are not included in the Mineral Act (gragehd

and other mineralsfThorell, 202Q)The Chief Mining Inspector is th@ning permit grantinginstitution for
concession minerals, while the landowner minerals are extracted based on private agreements between the
enterprise and the landownerafter establishing compliance withe relevant environmental requirements
based on theSwedish Environmental Code and Swedish Planning and Buildiffidneé\&wedish Land and
Environmental Courts are tltecisionmaking authorities on environmental petmiequired for any mineral
extraction operationThe table below summarizes the main legal acts which regulatral extractionn the

country:

Tablel Legislation regulatingnineral extractioractivity inSwedenSource(Svenska Kraftnat (Swedish Power
Grid), 2015; MINLEX project, 2019b; Geological Survey of Sweden, 2020a; Mining Inspectorate of Sweden,
2021)

Sector Legislation

Mining, H&S, | The Minerals Act (1991:45)

Concessions| The Minerals Ordinance (1992:285)
ActconcerningContinental Shelf (1966:314)
Continental Shelf Ordinance (1966:315)

Environmental| Environmental Code (1988:808)

management | Act concerning thélanagement of Natural Resourd@987:13
Ordinance concerningxtractive Waste (2008:7p2
Ordinance concerning Environmental Hazardous Activities and Protection of Publig
(1998:899)

Ordinance concerning Notification fGonsultation (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)
Ordinanceconcerning Protection of Areas (1998:1252)
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Sector Legislation
Forestry Act (1979:429)
Forestry Ordinance (1993:1096)
Water OrdinanceconcerningNVater Management (2004:660)

management | Ordinance on Management of the Quality of the Aquatic Environ(8604:660)
Act on specific provisions on water operations (1998:812)

Civil Protection Act (2003:77@)am safety)

Ordinance concerninDam Safety (2014:214)

Ordinance concerning Civil Protecti@d@3:789

Land use | Plaming and Building Act (2010:900)

planning, | Ordinance concerning Environmental Regulation (2013:251)

spatial  "peal Property Register Act (2000:224)
development

Culture Act concerning Ancient Monuments and Finds (1988:950)
heritage | Act concerning th€ultural Heritage Manageme(it988:950)
Heritage Conservation Act (1988:950)
Heritage Conservation Ordinance (1988:1188)

Public The Administrative Procedure Act (1986:223)
administration | 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 SwedeAlso, he ownership of minerals is separated from that of land, hence there is no
requirement for theapplicant (for an exploration/exploitation permit) to own the laimdother words, riming
legislation allows private parties, such as mining companiesntiuctmineral extractioractivity in someone

St aSQa (Thivl, RIRNTh& 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 dexiderafs being
claimed within theiproperty (no veto)Nevertheless, the Mineral Acstablishes compensation at a maximum

of 0.2% of the estimated value of te&tracted mineral brought to the surface yearly; three quarters of this
compensation go to the landowner and the rest to the state to support R&Dnineral compensation is
payableto right holders such asdeees or reindeer herding right holdéd®hnson and Ericsson, 2015)

4 {{¢! LbLbp®![¢cw! K¢bhb{ ¢L¢| ¢LhDb! | |
wo9DLa9 !'b![,{L{ Chw X Nh[2195%5% ! w9!

4.1 BOLIDEN AREA

The Boliden Area is located in the mineieth Skellefte field in the county of Vasterbotten, northern Sweden,
operated by Boliden since the 1920s. The area currently comprises of the Renstrom, Kristineberg and Kankberg
underground mines and the Maurlidexpen-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 plargslftband tellurium production. In
2019, around 2,028 ktonnes of ore were processed by approximately 650 employees.

In this area Boliden has a long historyofkingwith different types of interest to land like landowners, hunters,
community, reindeer helers (several Sami villages) &ome examples of this experience will be presented in
this section, together witln analysis of the institutional regime regulating resources affected by the mineral
extraction activity in Boliden Area.

4.1.1 EXPLOITATION

Mineral extractionin Boliden Area startedround 100 years ago with the first galdposit, Boliden mine
discoveed in the mineral rich Skellefdield in northern Swedemmost30 mneshaveoperatedin Boliden
Areaover the yearssupplying the ore tréad in the Boliden Concentratpalso referred to as Boliden Area
Operations Processing Plant (BAGIPR)supplied to the Ronréiksmelter in Skelleftehanmum the Baltic coast.

' FTOSNI GKS Of 2adzNB 2F al dzN¥ ARSY 2LISy LIAG Yilyb&S3Ay H.
underground mines: Renéin, Kankberg and Kristineberg, aBAOPHRAlbrecht, 2018; Boliden AB, 2021d)

The table belowgives a more comprehensive pictureloé operations in these three mines:

Figureb: lllustrative map of Boliden Areso(rce:(Collin, 2018)
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Table2: Extractiveoperations in Rensim, Kankberg and Kristineberg Mir{€surces{Boliden AB, 2020;

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

Renstrom Mine

Kankberg Mine

Kristineberg Mine

Location 17 Km fromBAOPP 10 Km fronrBAOPP 100 km fromBAOPP
Specific Renstrom in the Boliden areal Mine is accessed via a rpr| Largest mine in Bolide
Characteristicy Sweden's deepest mine; | from the historic Kankber( area
January 2019 it reached | open pit mine Mine depth: 1,350m
depth of 1,500 metres Mine depth: 620m
Joined through an
underground  shaft  with
Petikris mine)
Metals mined | Zinc, Silver, Gold, Copper, Le Gold, Silver, Tellerium Gold, Siler, Copper, Zing
Lead.

Production 479 kt/ year ir020 535 ktl/year in 2020 700 kt/yearin 2020

rate

Mining 2 exploitation concessior] 4 exploitation concession 8 exploitationconcessiong

Permits (validuntil 2025 and 2038) (valid wuntil 208, 2026, (valid until 2023, 2025,

2026, 2034) 2026, 2026, 2027, 202]
2032, 2043)

Environmental Up to 520 kt/year productiof Up to 500  kt/year| Production ates.

Permits rate production rate (exceptio Placement of waste rock
Maximum concentration o for 2020) Management of water,
pollutants in discharged i Maximum concentration o watertreatment
water, levels of noise, dust an pollutants in discharged i Maximum concentratior
vibration established. water, levels of noise, dug of pollutants in discharge

and vibration established. | in water, levels of noise

Acquisition/importation of dust and vibration

additional waste rockfor | established.

use as filling. Env. Monitoring.

Env. Monitoring Dam safety ang

19,2 MSEK financii management.

guarantee to cove| Mine closure and

environmental liabilities i rehabilitation.

case of bankruptcy. Economic security for min
closure.

Land Permit until 2025 is on Bolide| 100% of the land is owng 100% of the land is owne

ownership ABowned land by Boliden AB by Boliden AB.

Permit until 2038s on private
land, royalties of 0.15% ¢
minerals value paid to th
landowner

For both permits Boliden A
pays 0.05% of minerals val
as royalty to the state

Boliden AB pays 0.05%
minerals value as royalty |
the state.

Boliden AB pays 0.05%
minerals value as royalty 1
the state.

Forecast mine

life

Until 2031
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Boliden Area wasstablished and is operated by Boliden ABwedish mining and smelting company which
producesmainly copper, lead, gold, silver and zinc. Boliden AB operates five smelters and six mines in Sweden,
Norway, Finland and Irelanahd is engaged mainly witkporation, exploitation, smelting and metals recycling
(Voigt and Bradley, 2020)

4.1.2 TAILINGS MANAGEMEMCILITIES

Tailngsfrom all the three operating mines in Boliden Area are depositddbpdrn Tailings Management
Facility (TMFhext to BAOPP(Voigt and Bradley, 202@)potential challenge is thalready the existing ore
reserves exceedhe capacity in the TMEVoigt and Bradley, 202Mience, addressing this need through new
future TMF is a priority to support future extractive activities irdBolArea.

Hoétjarn TMF started operatinip 2011 Since 2014his TMC Qa al FSG & A & -técif stivellénBeR 4 A |
system which integrates fibre optic sensors in and around the dam and mpdgvide realtime safety
monitoring When a leakage ithe dam exceeding the limit values is detectdautomatic warning is sent to

the mill. This significantly improves the abilityreact quickly at any tim@ata collected in real timaot only

supports quick reaction to any issues that may arise,alatt provide comprehensive input for a yearly
assessment of the dam saféBoliden AB, 2021b)

GillervattnetTMF, a former tailings pondteiclose to BOPRf 300ha has undergone reclamation waice

2013 Various techniqueare used to stabilize the sulphrich sand and avoid its oxidation which can acidify
and cause environmental damagdée pond was initially partially drainddllowed by a layer of waste rock
and another protective layer of unsorted tlllrossproject repurposing of waste rogkas part of the project,

with 1.3 million m of excavated soil and rock from the Hotjarn tailings pond used for this reclamation project.
Thereclamationprojectaimsto transformpart of the site around 200hainto a wetland habitat for wildlife.

This site was populdéor migratory birds and the reclamation project aims at enhancingitddiversity in this
direction(Boliden AB, 2021a)
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Figure6 Gillervattnet reclamation project (8e:(Boliden AB, 2021a)

Kristineberg TMIs located close to Kristineberg miBefore 1991 Kristinebergine had its owroncentrator

to process ore from several local min€ailirgs 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 reclamatirhe Kristineberg Mine and Ravliden 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, Rémsind Kristineberg mines-igure7 and 8 below

indicate in green the areas for whiBoliden AB has been granted exploration permits, which arefvatite

next few years and are renewable by the Mining InspectoEageloration are at the momeigfocused in the
surroundings of Kristineberg mine and around Boliden (Strémfors project)
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Figure7 Exploration permits for Boliden AB (green) and other companies(blue) in the vicinity of Kankberg and
Renstrom mineand Boliden Concentrat§Bource{(Geological Survey of Sweden, 2021)
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Figure8 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 ofineral extractiorareas that reach the end of their lifespan is a responsibility of the concession
permit holder; in this case Boliden Afnce all of currently operating mines and smelters of Boliden AB have
closure plans approved by relevant authorities.

The most recent reclamation works have taken plat&mngdal mine, where a dam in Skellefte River has been
demolished The reclamation works include a number of measuresittt@ove the environmental safety of

the project and fosters a circularifyorinstance, sheet pilings that held the dam in place have been pulled up
and reused in other project8VP3SV2, 2021Loncurretly, in the realm of decontamination works which will
continue during 2022the last remaining waste rock is to be remoyenn the old mine and used as fill in
Kankberg mingBoliden AB, 2021elReclamation workslso include the decontamination of roads and old
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storage areassowing the slopes to counteract erosion and introducing of fish in the river. During the process,
silt curtains were used to minimize turbidifg$vP3SV2). Albeit the dam has now been removenhes
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.

FigurelO Skellefte River after the finalization of the reclamation wdsksice(Boliden AB, 2021k)
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Figurell Section of the dam in Skellefte River during reclamation works (Source: AR@&irs

Currently(20222023 Boliden iseclaiming an old minesite close to Kristineh&&vlidmyran.

4.2 INSTIUOTIONAL REGIMES REGULATING RESOURCES AFFECTED BY M
EXTRACTIONBOLIDEN AREA

As explained in SectioB.1 Institutional Resource Regime as Methodological Framewesdessing the
sustainability of extractive activities in Boliden Acalls for an understanding of the different institutional
regimes that extractives affect this area. To identify these institutional redinsesn inventory of land uses
was carrié out, based on a spatial analysis focusingherarea included and in the vicinity of the extractive
activity, within a 5km radiughrough this mapping exercigeinstitutional resource regimes were identified:

1) Institutional Regime fdProtected areasf nature and biodiversity
2) Institutional Regime fdrReindeeHerding

3) Institutional Regime for Water protection

4) Institutional Regime for Land
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