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Abstract: Closure and revitalisation are essential steps in the life cycle of a mineral extraction site.
Proper planning and execution can counteract potential negative impacts caused by extraction
activities and allow a positive impact to be left on the post-closure region. Decisions on these steps are
not made solely by the extraction company; legislators and the public also exert influence. Different
opinions and expectations on closure and revitalisation can lead to tensions between actors. Thus,
knowing diverse opinions and expectations and considering them in planning contributes to a
successful implementation of measures. Using Q-methodology in a study focused on selected EIT
RIS countries, we identified five viewpoints on the closure and revitalisation of an extraction site.
The statements for this study have been developed based on international and company standards
for closure and revitalisation, namely ICMM, IRMA, AngloAmerican and Rio Tinto, which we then
also used for comparison in order to see how they relate to the five resulting viewpoints. Across
all viewpoints, our results reveal a preference for environmental considerations, followed by social
and economic concerns. Even though this paper considers closure and revitalisation separately from
mineral extraction, these processes are intertwined. Thus, a sustainable planning and management of
the extraction process itself contributes to a successful and sustainable post-closure landscape.

Keywords: mining; mineral extraction; closure and revitalisation; Q-methodology; sustainability;
land use

1. Introduction

Up until the 20th century, it was common practice to abandon extraction sites after
mineral extraction ceased, without the company initiating closure and revitalisation mea-
sures or addressing environmental consequences and long-term impacts on ecosystem
services [1]. Additionally, potential risks for human and social welfare have frequently
been ignored in the past [2]. Abandoned sites are the product of inadequate care, planning
and regulations [1], but geological, economic, technical and political factors also play a
role [1,3]. In many cases, the responsibility for remediating the resulting legacy sites has
been delegated to the state and public [4]. There are thousands of abandoned sites globally.
Well-known examples are the ‘Minas de Ríotinto’ in southern Spain, where the area is
still struggling with acid water [5,6]; the Giant gold mine in the Northwest Territories of
Canada, whose clean-up was undertaken by the state after bankruptcy of the company [7,8];
a uranium mine in eastern Germany, operated by Wismut GmbH under Soviet manage-
ment, whose multi-billion Euro remediation was left to Germany [9]; and the Urgeiriça
uranium mine in Portugal, leaving major socio-environmental liabilities after its closure in
2003 [10,11].

This practice has contributed to pressuring the extractive industry to improve its social
and environmental performance [12]. As a result, sustainability in the extractive sector has
been shifted into the spotlight [13–17], amplified through the United Nations Sustainable
Development Goals [18] and Planetary Boundaries [19,20], as well as global and European

Resources 2023, 12, 23. https://doi.org/10.3390/resources12020023 https://www.mdpi.com/journal/resources

https://doi.org/10.3390/resources12020023
https://doi.org/10.3390/resources12020023
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/resources
https://www.mdpi.com
https://orcid.org/0000-0001-5716-5752
https://doi.org/10.3390/resources12020023
https://www.mdpi.com/journal/resources
https://www.mdpi.com/article/10.3390/resources12020023?type=check_update&version=2


Resources 2023, 12, 23 2 of 17

climate targets, e.g., the Paris Agreement [21] and European Green Deal [22], including
phasing out coal in many countries [23–27].

Once mineral extraction activities have ceased, a site needs to be closed and revitalised,
meaning that potential damages caused by extraction have to be remediated and the
landscape transformed for a subsequent use [28,29]. Through the closure of an extraction
site, the economic and social situation of the surrounding area is directly affected, e.g.,
loss of employment opportunities and income sources [30]. Especially in areas that have
been strongly dependent on extractive industries, closure entails a number of changes
and challenges related to degraded landscapes, reduced environmental quality and socio-
economic concerns [2]. Typically, the closure phase starts with the restoration of safe
conditions to limit risks to humans and the environment [28,29,31–33]. The revitalisation
phase aims to stabilise a post-closure landscape from an economic, environmental and social
perspective, e.g., ensuring public safety, preventing potential negative environmental and
socio-economic impacts, and offering alternative employment opportunities and sources of
income, as well as enabling adequate post-closure land uses [2,28,34].

The academic discourse covers different topics in the respective field, including post-
closure landscapes in the context of sustainability [2,29,31], closure and revitalisation plan-
ning [35–37], environmental restoration [38,39], land-use-based landscape planning [28,33]
and social aspects of closure and revitalisation [40–44]. Less attention has been paid to pref-
erences and perspectives of involved actors. While the government sets the ground rules for
closure and revitalisation and enforces them, and extractive companies are responsible for
planning, implementation and financing, the public can exert a positive or negative impact
on such processes [40,43]. Consequently, improved knowledge of actors’ perspectives and
potential preferences are key to better understanding closure and revitalisation processes
and contributing to improved outcomes.

This paper explores actors’ perspectives on the closure and revitalisation of an ex-
traction site, with a focus on selected countries of the European Institute of Innovation
& Technology (EIT) Regional Innovation Scheme (RIS) [45]. Q-methodology is applied,
allowing examination and quantitative analysis of actors’ views and positions, i.e., sub-
jective opinions [46]. As a basis for the Q-study statements, international and company
standards on closure and revitalisation were used, namely AngloAmerican’s Mine Closure
Toolbox [47], ICMM’s Integrated Mine Closure: Good Practice Guide [48], IRMA’s Stan-
dard for Responsible Mining [49] and Rio Tinto’s Closure Approach [50]. The aim is to
analyse how the resulting viewpoints relate to the standards used and to identify aspects
of closure and revitalisation that are consistent or controversial across the viewpoints, thus
contributing to a better understanding of potential tensions between actors.

2. Background

Extraction sites are closed when mineral reserves are depleted or exhausted, or when it
is no longer economically viable to extract due to the costs exceeding market prices [51–53].
As mineral extraction is a finite process and, thus, a temporary land use with significant
ecological, social and economic impacts, appropriate closure and revitalisation planning
is crucial to avoid, or at least minimise and mitigate, potential adverse impacts [54,55].
Furthermore, an agreed post-closure land use needs to be ensured [56,57]. With the aim
to provide a non-polluted post-closure landscape, closure and revitalisation planning has
gained more prominence over the past decades [54,55].

While often perceived negatively, post-closure landscapes bear inimitable natural,
cultural and economic potential [58]. Various types of post-closure land uses have been
identified, such as pastures, aquaculture, wildlife habitats, educational, sport and leisure,
and industrial uses [36,59,60]. There are also former extraction sites representing unique
habitats that are, therefore, protected as monuments [44,61]. According to Vrablikova,
Wildova, and Vrablik [62], the categories of possible subsequent post-closure land uses can
be divided into (i) agricultural revitalisation, (ii) forestry revitalisation, (iii) hydrological
revitalisation and (iv) all other forms of revitalisation, such as leisure, sport venues, parks,
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energy production, education facilities (e.g., technology parks or research centres), tourist
areas and landfills, as well as residential and office developments. Determining a suitable
post-closure land use is dependent on the basic site characteristics and conditioned by a
combination of various economic, social, demographic, cultural, environmental and techni-
cal factors [2]. The site’s surrounding land use (e.g., infrastructure, forests, water) as well as
the extraction site’s overall previous impact and extent (e.g., soil contamination) are addi-
tional drivers [60,63,64]. Previous studies illustrate the importance of post-extraction land
use for potential job creation and employment for a post-extraction brownfield develop-
ment [28]. Hence, the process of developing an adequate post-extraction landscape requires
the integration of different knowledge types, including expert knowledge, knowledge of
local representatives and individual actors and administrative knowledge that plays a
pivotal role in the overall process and implementation [25,32]. Appropriate investments
and revenues from mineral extraction might unfold a positive effect long after the site
has been closed, promoting human well-being and generating a sustainable income over
time [65]. Mineral wealth can be used as an opportunity to accelerate economic growth
and encourage the development of investment and infrastructure [66]. For economies
dependent on mineral extraction, it is essential to sustain the benefits of the extraction
phase during closure and revitalisation. Failing this, those economies are more likely
to experience higher poverty and unemployment rates, as well as slower growth, than
economies that have been successful in doing so [67].

Lamb et al. [68] identified two main obstacles facing the revitalisation of extraction
sites: (i) fundamental technical difficulties in revitalising highly disturbed ecosystems and
landscapes, and (ii) vaguely formulated guidelines that are leading to inconsistent practices
across the extractive industry. It is inevitable that the landscape and ecosystem will be
altered by the extraction of mineral resources, but this does not necessarily mean negative
consequences. When an extraction site is abandoned or inadequately closed, it may continue
to degrade the surrounding land, soil, water bodies and air [69]. The revitalisation of areas
that have not been purged and remain polluted after closure should be of high interest
from a socio-economic, natural conservation and sustainability perspective [25,32]. In these
areas, economic and environmental factors of closure are particularly relevant [31,42,62,70].

Thus, the preparation of proper plans for closure and revitalisation is a crucial part of
these processes. Based on a review of international guidelines for the closure of extraction
sites, three principles for closure planning have been determined [37]: (i) environmental
quality protection, (ii) restoration of land to ensure a post-closure land use compatible with
local and regional requirements, and (iii) creation of a positive and lasting legacy for the
community after closure. Nevertheless, while social and environmental dimensions are
mentioned, actual practices show an emphasis on technical and environmental aspects,
while socio-economic aspects are mostly neglected [71,72]. The support and involvement
of local communities in the development of any site management plans, including closure
and revitalisation plans, is essential [41], as they are impacted by both the benefits and
drawbacks of closure and revitalisation [44]. Potential negative social impacts of closure
and revitalisation can be mitigated or even prevented by involving, consulting and empow-
ering actors from the earliest stage of the planning process, i.e., when planning extraction
activities [73]. Moreover, actors can even contribute to the success of the revitalisation
itself [40,43]. Involved actors prioritise the revitalisation of a landscape, respecting its
ecological, economic and aesthetic values, while striving for sustainable development
simultaneously [29].

Closure and revitalisation processes must adequately address environmental changes
and impacts from previous stages and restore perturbated ecosystem services and ecological
functions. In the past, only little or even no concerns were paid to social aspects and
potential risks to humans and the environment [2,34,74,75]. The increasing attention
has led to an improved consideration of economic, environmental and social aspects in
closure and revitalisation planning [34,76–78]. Nowadays, extractive companies must
implement high-quality revitalisation activities after the extraction site has been closed [57].
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Beyond this, sustainability aspects are becoming increasingly relevant in long-term post-
closure considerations, e.g., to provide adequate and meaningful post-closure landscape
strategies [79]. The actual contribution to the sustainability of resource extraction only
becomes apparent during and after the phase of closing the site [80].

Closure and Revitalisation Guidelines and Standards

Different requirements for closure and revitalisation have emerged in many countries,
illustrating a rich diversity of aims, rules and regulations between but also within individual
countries [81,82], which is also the case for the member states of the European Union [32].
Hence, a broad range of guidelines and standards at the national and international level
exist for successful planning and implementing closure and revitalisation [32,48,83,84].

The International Council of Mining and Metals (ICMM) was established in 2001
to improve the performance of the mining and metal sector and to respond to changing
societal expectations. Their guide for integrated closure contains twelve tools with feedback
loops, good practice examples and case studies [48]. It aims to encourage companies to
adopt a disciplined approach for integrated planning and to support the implementing
of closure activities and address risks before they are significant, as well as increase the
consistency of good practices across the sector. The focus lies on social and economic risks
and opportunities to be managed through early and proactive planning and preparation of
closure over the lifetime of the site.

The Initiative for Responsible Mining Assurance (IRMA) was set up in 2006 by a
widely based coalition of actors and is backed by independent auditors in its advocacy
for a socially and environmentally responsible extraction sector. The IRMA Standard for
Responsible Mining [49], which includes closure and revitalisation, provides the benchmark
for responsible extraction on an industrial scale. In closure and revitalisation, IRMA attaches
importance to safeguarding long-term environmental and social values. Furthermore, it is
of particular relevance to IRMA that closure and revitalisation costs are entirely covered by
the extraction company.

Within the industry, large mining companies have created their own standards for
mine closure. For instance, AngloAmerican’s Mine Closure Toolbox [47] and Rio Tinto’s
closure approach [50] have been developed for internal usage. The closure toolbox of
AngloAmerican was launched in 2007 and has since been revised twice, in 2013 and 2019.
It is based on company guidelines (e.g., code of conduct, social, health and safety and
environmental policies and guidelines) and ICMM principles and commitments, including
ICMM’s integrated closure guidelines. Rio Tinto’s closure standards are also in line with
ICMM principles and commitments, but they are less comprehensive and detailed than
AngloAmerican’s. Their approach is a dedicated closure team alongside the operations
team to identify and address the risks associated with closure from the earliest planning
stage. The objective of these company standards is the internal standardisation of closure
planning and management, with particular emphasis on the social aspects of closure and
revitalisation under economic considerations.

3. Materials and Methods

Studies using Q-methodology (also Q-study or Q-analysis) are popular in the social
and natural sciences, but are increasingly conducted to analyse issues related to mineral
resources. These include analysis of the socio-economic impacts of mineral extraction [85],
policy development and frame conflicts in mineral extraction [86,87], community percep-
tions [44,88], perceptions of the impacts of resource development [89], and politics around
extraction projects [90]. This study, using Q-methodology, aimed to capture different
perspectives on the closure and revitalisation of an extraction site, involving actors from
several Eastern and Southern European countries.

Q-methodology, developed by William Stephenson [91,92], is a combination of quan-
titative and qualitative research techniques. It analyses participants’ individual Q-sorts,
i.e., their personal opinion on the investigated topic. According to Q-methodology, opin-
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ions are subjective and can be shared, measured and compared [92–95], allowing for a
systematic analysis of subjectivity. Participants rank given statements on the research topic
and, thus, express their personal viewpoint [95,96]. Data analysis is performed through
correlation and factor analysis by person. Participants correlate with others sharing similar
opinions based on their Q-sorts. Each participant’s statements, ordered by their rank, are
transformed into an array of numerical data, which is then correlated with all other partici-
pants’ arrays. This results in a correlation matrix indicating which participants have sorted
statements in a similar order. Through a factor analysis of the correlation matrix, highly
correlated data arrays are grouped to identify factors that represent clusters of subjective
perspectives among the pool of participants. The association of each participant with each
of the identified opinion types is indicated by the factor loadings, variable between −1.00
and +1.00; the higher the factor loadings, the more a participant’s statement array correlates
with that factor. It should be noted that Q-methodology cannot provide generalisable data
for a wider population.

Data Collection and Factor Analysis

After identifying the research topic, implementing Q-methodology comprises stan-
dardised steps: (i) identification of study participants (p-set); (ii) elaboration of study
discourse and subjective statements (Q-set); (iii) data collection by ranking the statements
of the Q-set by participants (Q-sort) and iv) data analysis and interpretation [46,96,97].

This Q-study was conducted as part of the EIT RawMaterials project ‘ReviRis’
(Revitalising Post-Mining Regions: Problems and Potential in RIS Europe [98]). Hence, the
study was specifically distributed in selected European EIT RIS countries—Estonia, Greece,
Poland and Portugal—and Austria via email, but the participation link was also shared
publicly (i.e., project newsletter and LinkedIn), allowing people from other European
countries to participate as well. With the aim of simplifying participation for people from
the preferred countries, the Q-study was translated into six different languages: English,
Estonian, German, Greek, Polish and Portuguese. The period of data collection was from 10
October 2021 to 24 November 2021. The participating actor groups were limited to (i) civil
society and non-governmental organisations (CS and NGO), (ii) extractive industries (EI)
and (iii) government (Gov); the former are affected by closure and revitalisation, extractive
companies are the ones who should finance, plan and implement the closure and revitalisa-
tion, and the latter are responsible for legislation and inspection of its implementation in
accordance with the law.

The p-set in this study comprises 40 participants, with 45% (18) of participants from
the actor group extractive industry, 42.5% (17) civil society and NGO and 12.5% (5) from
the group government. Of these, 35% (14) were female, 62.5% (25) male and one person
(2.5%) did not indicate their gender. The country distribution of the p-set is the following:
Greece (40%; 16), Austria (25%; 10), Portugal (17.5%; 7), Estonia (10%; 4), Poland (5%; 2)
and Germany (2.5%; 1).

The Q-set consists of 36 statements developed on the basis of four current international
and company standards/toolboxes on the closure and revitalisation of extraction sites:
AngloAmerican’s Mine Closure Toolbox [47], ICMM’s Integrated Mine Closure [48], IRMA’s
Standards for Responsible Mining [49] and Rio Tinto’s closure approach [50]. To develop
the Q-set for this study, the items on closure and revitalisation of the standards/toolboxes
mentioned were sorted into thematic areas, e.g., planning, social, environmental and
economic, and items having the same, similar or related purpose were grouped to eliminate
duplications. In addition, we omitted items that are too specific, such as internal company
regulations, backfill of open pit and underground sites, pit lakes and specified requirements
for water treatment. This systematic process resulted in 36 representative statements (listed
in Table 1) regarding closure and revitalisation of extraction sites in different thematic areas.
As the thematic areas in the standards used for developing the statements are covered
unequally, the categories of the statements are also not of equal size.
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Table 1. Statements and statement scores for each viewpoint (VP) (‘factor array’, detailed description
for calculation presented below). Statements based on the following closure and revitalisation
standards: AngloAmerican [47], ICMM [48], IRMA [49] and Rio Tinto [50].

Statements VP1 VP2 VP3 VP4 VP5

#1. As part of closure planning, it is important to minimise the need for active water treatment of a
post-extraction landscape. 2 −1 1 −1 −3

#2. It is important to have a solid knowledge base of the sites’ environmental setting, for the planning of
closure and revitalisation. 0 3 3 −3 2

#3. Negative environmental impacts and contamination after the closure of an extraction site need to
be prevented. 5 2 2 2 4

#4. The post-closure ecosystem must deliver positive ecological/biodiversity value that is compatible
with the proposed post-closure land use. −2 1 3 −4 4

#5. It is important to limit long-term erosion and environmental degradation of a closed extraction site. 3 1 −1 0 1
#6. Stakeholders are expected to develop a shared vision with jointly agreed objectives for
closure planning. −3 2 −2 −1 −1

#7. Managing economic, social and environmental risks is equally important in post-closure planning. 1 1 1 1 0
#8. Risk and opportunity-based closure planning requires flexibility towards constantly changing
economic circumstances. 0 −3 −3 2 1

#9. Integrated closure planning should consider ongoing revitalisation (extraction areas are already
revitalised before the extraction site actually closes). −1 3 1 −2 0

#10. Closure plans must be regularly reviewed and updated throughout the life cycle of the operation. 1 −2 2 1 0
#11. Closure plans must be aligned with long-term operational plans considering the full life of
the operation. 3 2 −1 −3 −2

#12. Cradle-to-cradle (start closure planning as early as possible and envision a sustainable
post-extraction site) is a fundamental characteristic in closure planning. 2 −1 4 −5 −2

#13. Closure is a complex challenge that requires a multi-disciplinary approach, including persons from
social, engineering, economic, environmental and management. −1 −2 5 3 −1

#14. Closure must be planned and implemented following the same rigorous processes as
operational planning. 1 3 −4 −1 1

#15. Citizens and local/regional stakeholder must have full and open access to the most recent closure
and revitalisation plans. −3 −2 −2 5 1

#16. The sale of the extraction site to extend the life of the asset is an alternative to closure, but does not
release the company from timely and appropriate closure planning. −2 0 0 0 −4

#17. It is important for post-closure planning that the regional degree of prosperity remains at the same
level as during operation. −4 4 2 1 −5

#18. An appropriate and detailed determination of the costs for closure, revitalisation and post-closure
care minimises unforeseen problems. 2 −4 −1 3 −1

#19. Companies must provide indefinite funding for residual risk management to ensure a risk-free
post-closure land-use. −5 −4 −4 1 −4

#20. Companies must guarantee sufficient financial sureties for the closure, post-closure care and
monitoring of an extraction site throughout its lifetime. 1 0 0 1 −1

#21. It is important that the financial surety for post-closure and revitalisation is reviewed by an
independent analyst. −2 −5 1 −2 −1

#22. Stakeholders must have access to the results of the approved financial surety reviews relating to
closure and revitalisation, excluding confidential business information. −3 −3 −3 0 −2

#23. Post-closure monitoring programmes with performance criteria are important to demonstrate the
successful closure of the extraction site. 0 −1 3 −2 −3

#24. Geotechnical stability and routine maintenance are important in monitoring post-closure facilities. 3 1 1 2 2
#25. Monitoring sites for surface and groundwater are important to detect possible contamination from
post-closure extraction facilities. 1 0 0 0 1

#26. It is important to monitor post-closure landscapes biologically to detect damage to aquatic and
terrestrial resources. 0 −2 0 −3 3

#27. In closure planning, it is important that post-closure landscapes are used beneficially and include
economic activities, nature conservation or community use. −1 4 2 0 3

#28. In environmentally sensitive and/or biodiversity rich areas, the potential natural vegetation must
be restored. −1 0 0 −1 5

#29. Closure requirements and expectations by supervisory authorities may change over the lifetime of
an extraction site and need to be considered in regular reviews and updates. 2 0 −2 0 −2

#30. It is important that closure objectives are consistent with legal and regulatory requirements. 4 −1 −1 −4 2
#31. It is critical that sustainable livelihoods aligned with the underlying opportunities and constraints
provided by the environment at closure are implemented to generate a positive legacy. −1 0 −1 3 0

#32. Changing closure requirements and expectations of the community and other concerned
stakeholders over the lifetime of an extraction site need to be considered. −2 2 −5 −1 3

#33. A smooth transition from the socio-economic conditions that prevailed during the operation phase
to that after the closure of the extraction site is important. −4 5 −3 2 −3

#34. It is important to engage all stakeholders, including employees, traditional landowners, local
communities and governments, in a timely manner and clearly stating their level of influence in the
closure planning process.

0 −3 4 4 0

#35. Knowledge of the social setting, including requirements and agreements with or obligations to
stakeholders, is important for closure planning. 0 −1 −2 4 0

#36. The physical stability of a closed extraction site is important to minimise safety risks and
avoid accidents. 4 1 0 −2 2
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Both the data collection and analysis were carried out using the online tool “Q Method
Software” (https://qmethodsoftware.com/(accessed on 5 December 2022)). When collect-
ing data, study participants had to sort the statements into the given Q-grid (see Figure 1)
from “not important at all/I disagree” (−5) via “neutral” (0) to “very important/I fully
agree” (+5). Furthermore, participants were asked to answer two short questionnaires—
before and after the sorting. The first was to gather demographics, including age, gender,
actor group and country. The second questionnaire addressed the ranking of the state-
ments and gave the participants the chance to explain why exactly these statements had
been ranked as “−5” and “+5”, as well as to share further thoughts on the closure and
revitalisation of an extraction site.

Figure 1. Q-grid for forced-choice rating of statements from −5 “not important at all/I disagree” via
0 “neutral” to +5 “very important/I fully agree”.

For the analysis of this Q-study, Pearson’s correlation matrix was used, a standard-
ised measure of the linear relationships between two sets of scores. The factor analysis,
meaning the identification of patterns and distinct factors, i.e., shared viewpoints, was
performed according to principle component analysis (PCA) and a varimax rotation [46].
Selection criteria of the factors considered for further analysis are eigenvalue >1.0 and at
least two Q-sorts loading significantly on the respective factor, with the significance level
calculated at p < 0.05 using the equation 1.96 × (1/

√
No. of items in the Q-set) [99]; for the

present Q-study, the calculated significant threshold is 0.327. In doing so, five viewpoints
were extracted, accounting for an explained variance of 47.4%, with a minimum level
of 35–40% [46] and a number of defined variables of 29, meaning the number of Q-sorts
considered in the five extracted factors. Further, crib sheets [46] were used for data interpre-
tation to identify the highest- and lowest-ranked statements for each viewpoint (VP) from
the viewpoints’ statement scores (‘factor arrays’, Table 1) and z-scores (i.e., normalised
factor scores).

4. Results

The Q-study resulted in five distinctive viewpoints, with different perspectives on the
closure and revitalisation of an extraction site: (1) limiting and preventing negative environ-
mental impacts, (2) closure and revitalisation planning beyond economic aspects, (3) closure
and revitalisation: a multi-disciplinary expert task, (4) transparent communication and full
access to information and (5) ecology/biodiversity first. These five viewpoints account
for 29 of the 40 participant sorts and explain 72.5% of the sample, meaning eleven sorts
were not statistically relevant—two were not loading on any of the factors and nine loaded
significantly on more than one factor. Viewpoint one and two together cover almost half of
the participants sorts, specifically 24% (7) each. With 21% (6), viewpoint five represents the
second largest number of participant sorts, followed by viewpoint four (17%, 5) and lastly
viewpoint three (14%, 4).

Figure 2 illustrates the actor distribution, i.e., group and gender, of the five resulting
viewpoints. It should be noted that, due to the anonymous data collection via an online tool,

https://qmethodsoftware.com/
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the distribution of participants could not be influenced. As a result, the demographic distri-
bution of respondents is skewed. Nevertheless, the findings of the study provide an initial
overview of the situation and can be further sharpened through selective investigations.

Figure 2. Actor distribution by viewpoint (EI = extractive industries, Gov = government, CS and
NGO = civil society and non-government organisation) (figure adopted from Kügerl et al. [87]).

4.1. Viewpoint 1—Limiting and Preventing Negative Environmental Impacts

This viewpoint follows the perspective of technical environmental protection at an
operational level, with a focus on limiting and preventing any negative environmental
impacts of a closed extraction site (#3/+5). Hence, techno-environmental aspects are consid-
ered important for closure planning, such as the physical stability of a closed extraction site
to minimise safety risks and to avoid accidents (#36/+4), minimising active water treatment
of the post-closure landscape (#1/+2) and limiting long-term erosion and environmental
degradation (#5/+3). In this viewpoint, geotechnical stability and routine maintenance are
important in monitoring post-closure facilities (#24/+3).

Closure plans must be aligned with long-term operational plans that consider the
whole life cycle of an operation (#11/+3). In addition, closure objectives must be consistent
with legal and regulatory requirements (#30/+4), as “legal requirements are the minimum
that have to be met” (representative of the extractive industry). In this sense, changing
regulatory requirements and expectations by supervisory authorities over the lifetime of
an extraction site should be considered in regular reviews and updates of closure plans
(#29/+2).

While environmental aspects are considered relevant in this viewpoint, socio-economic
aspects play only a minor role, illustrated by the (i) low valuation of the development of a
shared vision with jointly agreed objectives for closure planning (#6/−3) and (ii) a smooth
socio-economic transition from the in situ to post-closure phase (#33/−4) with (iii) suitable
and beneficial post-closure land use (#27/−1). Additionally, transparent and open access
to the latest closure and revitalisation plans for citizens and local/regional actors (#15/−3)
and the securement of indefinite funding by companies to ensure a risk-free post-closure
land use (#19/−5) are considered of minor importance in this viewpoint.

4.2. Viewpoint 2—Closure and Revitalisation Planning beyond Economic Aspects

Viewpoint two focuses on the role of regional planning, and, thus, goes far beyond
the consideration of purely economic aspects of closure and post-closure planning. Here,
a smooth transition of socio-economic conditions and a beneficial use of the post-closure
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landscape (#27/+4) from the operational to a post-closure phase (#33/+5) should be the out-
come of a jointly developed shared vision (#6/+2) and the prosperity of the region should
remain at a similar level to before the closure (#17/+4). This perspective emphasizes that
closure planning must enjoy similar attention and rigor as operations planning (#14/+3).
It is expected to implement ongoing revitalisation, which already brings revitalisation
forward into the operational phase (#9/+3).

This viewpoint puts less emphasis on multi-disciplinary approaches (#13/−2) and
regular reviews and updates of closure plans throughout the life cycle of an operation
(#10/−2). It considers the timely involvement of actors in closure planning with a clear
indication of their level of influence in the process (#34/−3) to be of minor importance.
Financial aspects such as the need for appropriate and detailed costing for closure and
post-closure activities (#18/−4) and the independent auditing of the planned financial
sureties (#21/−5) are not a priority.

4.3. Viewpoint 3—Closure and Revitalisation: A Multi-Disciplinary Expert Task

Viewpoint three focuses also on the planning process of closure and post-closure
activities. According to this viewpoint, this process is a multi-disciplinary expert task
(#13/+5) “to provide the best possible version of this plan” (government representative).
Performance criteria and post-closure monitoring programs (#23/+3) that are regularly
updated throughout the operation’s life cycle (#10/+2) are seen as a priority. More detailed
objectives of closure and revitalisation (e.g., environmental protection or a smooth socio-
economic transition) are not specified, since viewpoint three mainly covers general planning
aspects. In this viewpoint, cradle-to-cradle is considered a fundamental characteristic in
closure planning, as closure planning should start as early as possible and aim for a
sustainable post-closure landscape (#12/+4). Additionally, the review of the financial
surety for post-closure activities by an independent analyst (#21/+1) is considered an
important aspect for closure and reclamation planning.

At the same time, there is no requirement that closure must be planned and imple-
mented following the same rigorous processes as operational planning (#14/−4). While
viewpoint three is focused on the planning process, environmental and social aspects
are less important, illustrated by low rankings of long-term erosion and environmental
degradation of a closed extraction site (#5/−1), knowledge of the social setting, including
requirements and agreements with or obligations to actors (#35/−2), and changing closure
requirements and expectations of the community and other concerned actors (#32/−5).

4.4. Viewpoint 4—Transparent Communication and Full Access to Information

This viewpoint is characterised by distributional aspects such as transparent commu-
nication and information flow. According to viewpoint four, citizens and local/regional
actors should enjoy full and open access to closure and revitalisation plans (#15/+5) and to
the results of the approved financial surety reviews, but without disclosing confidential
commercial interests and information (#22/0). In addition, this viewpoint finds it crucial to
establish sustainable livelihoods for the community aligned with the underlying opportu-
nities and constraints provided by the environment at closure to generate a positive legacy
(#31/+3). Consequently, the specific social settings should be considered appropriately in
closure planning (#35/+4).

Representatives of this group expect the extraction companies to take responsibility for
closure and revitalisation activities of an extraction site. Thus, companies should carefully
assess potential costs for closure, revitalisation and post-closure care (#18/+3) and they
should provide indefinite funding for residual risk management (#19/+1). In this line,
flexibility in planning (i.e., risk and opportunity-based closure planning) is required due
to constantly changing economic circumstances (#8/+2). Even though responsibility and
accountability are expected from extraction companies, this viewpoint does not require
closure objectives to be consistent with legal and regulatory requirements (#30/−4).
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Although this viewpoint prioritises the generation of a positive impact, concrete
environmental aspects seem to be of less importance. Hence, a solid knowledge base of the
site’s environmental settings (#2/−3) is not considered necessary in closure and revitalising
planning, as well as a positive ecological/biodiversity value of the post-closure ecosystem
that is compatible with the proposed post-closure land use (#4/−4). Additionally, the
monitoring of post-closure landscapes to detect damage to aquatic and terrestrial resources
(#26/−3) ranks low. This viewpoint also gives only slight emphasis to planning aspects,
indicated by the low weight given to integrated closure planning with ongoing revitalisation
(#9/−2), early closure planning and the envisioning of a sustainable post-closure site (i.e.,
cradle-to-cradle) (#12/−5), and closure plans that are aligned with long-term operational
plans (#11/−3). The physical stability of the closed site is also not a priority in this
viewpoint, even if it can minimise safety risks and avoid accidents (#36/−2).

4.5. Viewpoint 5—Ecology/Biodiversity First

Viewpoint five is characterised by a strong emphasis on environmental protection.
Compared to viewpoint one, which represents a technical perspective of environmental
protection, viewpoint five is characterised by the restoration of ecological values of the
closed extraction site. Little attention is paid to economic and social components of closure
and revitalisation. Thus, the management of economic, social and environmental risks
is not considered equally important in post-closure planning (#7/0). It is considered
important that the post-closure ecosystem delivers a positive ecological and biological
value (#4/+4), that potential natural vegetation is restored in environmentally sensitive
and/or biodiversity-rich areas (#28/+5) and that the post-closure landscape is biologically
monitored to detect aquatic and terrestrial damage (#26/+3). However, changing closure
requirements and actively including expectations of communities and other concerned
actors should also play a role in closure planning (#32/+3).

Despite the focus on environmental protection and monitoring, the need for active
water treatment of a post-closure landscape (#1/−3) is considered less relevant. This
viewpoint does not require the company to provide sufficient financial sureties for closure,
post-closure and monitoring activities (#20/−1) or to prepare timely and appropriate clo-
sure plans in the case of the sale of the site to extend the life of the asset as an alternative to
closure (#16/−4), even if this could contribute to environmental protection. The mainte-
nance of the regional degree of prosperity after closing the extraction site (#17/−5) is also
less of a priority in post-closure planning according to viewpoint five, and the need for a
post-closure monitoring program with performance criteria to demonstrate the successful
closure (#23/−3) is ranked low.

4.6. Agreements and Disagreements within and across Viewpoints

All viewpoints agree that the prevention of negative environmental impacts and
contamination after closure (#3), as well as geotechnical stability and routine maintenance
in monitoring post-closure facilities (#24), are important. There is also consensus on the
position that managing economic, social and environmental risks is equally important in
post-closure planning (#7), with this being rated as neutral (0 and +1). Conversely, the need
for actors to have access to the results of the approved financial surety reviews (excluding
confidential business information) related to closure and revitalisation (#22) is challenged
by all viewpoints (ranked between 0 and −3). With respect to the guarantee of sufficient
financial sureties by companies for closure, post-closure and monitoring throughout the
lifetime of an extraction site (#20; ranked between −1 and +1), as well as monitoring sites
for surface and groundwater to detect possible contamination from post-closure extraction
facilities (#25; 0 and +1), the five viewpoints are rather dispassionate.

Environmental aspects of closure and revitalisation (#2, 3, 4, 25, 26, 28) were generally
ranked from slightly negative/neutral to highly important, with stronger emphasis on the
positive side. While viewpoint five highlights all statements from this category, viewpoint
four considers environmental settings (#2) and ecological/biodiversity value (#4, 26) irrel-
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evant for site closure and revitalisation. On the other hand, statements of the categories
social (#6, 15, 22, 31, 32, 33, 34, 35) and economy (#8, 16, 17, 18, 20, 21) were rated as neutral
to unimportant, with the negative side predominant. Viewpoint five disagrees with all but
one statement of the category economy: it only supports the flexibility of closure planning
towards constantly changing economic conditions (#8/+1). Instead, viewpoints one and
three tend to consider social aspects more negatively: viewpoint one disagrees with most
of the statements of this category (#6, 15, 22, 31, 32, 33) or has an impartial attitude (#34,
35). For viewpoint three, the timely involvement of actors in the closure planning process,
with their level of influence clearly indicated, matters (#34/+4); all other social aspects of
closure and revitalisation are rejected by this viewpoint.

Opinions also diverge significantly between social and economic aspects: while view-
points one and five neither focus on a smooth transition of socio-economic condition (#33;
−4 and −3) nor on a remaining level of the regional degree of prosperity (#17; −4 and
−5) during and after the extraction phase, viewpoint two rates both as highly relevant
(#33/+5; #17/+4). On the other hand, viewpoint three is more biased (+2) towards the
prosperity on the regional level (#17) but, at the same time, considers the smooth transition
of socio-economic conditions as quite unimportant (#33/−3). The viewpoints also strongly
disagree on whether citizens and local/regional actors should have access to closure and
revitalisation plans (#15). Viewpoints one, two and three show a relatively negative stance
towards this proposition (−3 and −2), whereas it is favoured by viewpoint four (+5). Con-
sidering changing closure requirements and expectations of communities and concerned
actors (#32) is opposed by viewpoint three (−5), but agreed with by viewpoint five (+3).

There is also a noticeable deviation between the viewpoints regarding the principle
of cradle-to-cradle (#12), as viewpoint three and four strongly disagree on whether this
principle is a fundamental characteristic of closure planning (ranked +4 and −5). The
consistency of legal and regulatory requirements with closure objectives (#30) also raises
questions; according to viewpoint one, they should be in line (+4), viewpoint four disagrees
(−4) and the other viewpoints are rather impartial (−1 and +2).

5. Discussion

In our research, Q-methodology led to five viewpoints on the closure and revitalisation
of an extraction site related to selected European EIT RIS countries, emphasising environ-
mental protection, a proper planning process or community involvement. An analysis
across all viewpoints reveals agreement on the protection against negative environmental
impacts and contamination through closure and revitalisation measures, and guaranteeing
geotechnical stability and routine maintenance in post-closure facility monitoring, as well
as on the confidentiality of the outcome of the financial assurance reviews for closure and
revitalisation. Overall, the greatest attention is paid to the environmental aspects of closure
and revitalisation; social and environmental aspects have been placed second and third.
The main contradictory positions between the viewpoints are in terms of the extent of
environmental protection and involvement of actors in closure and revitalisation planning.

The academic literature describes technical and environmental aspects as often tak-
ing precedence in closure and revitalisation processes while leaving social, economic and
socio-economic factors behind [2,71,72]. This is reflected in the overall prioritisation and, in
particular, in the approach of viewpoint one, which additionally stresses the company’s
responsibility for finance closure and revitalisation processes. An explanation for the pref-
erence given to operational aspects lies in the fact that this viewpoint is predominantly
embodied by representatives of the extractive industry. In contrast, viewpoint five refers
almost exclusively to the restoration and enhancement of ecosystem services. However, the
consideration of community expectations and transparency are also demanded in this view-
point. Two thirds of the representatives of viewpoint five belong to the group civil society
and NGO, and one third to extractive industries. The strong favouring for environmental
protection might also be due to the increasing presence and growing awareness of the im-
portance of sustainability in general [18,21,22], but also in the extractive sector [16,17,77–79],
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where environmental sustainability is emphasised in particular [12], i.e., environmental
limits [20]. However, the still perceptible consequences of abandoned extraction sites from
the past, which continue to pollute their surroundings [69], also account for this tendency.

Viewpoint three envisages comprehensive closure and revitalisation measures to be
planned and implemented by experts aimed at achieving better results. The opposite per-
spective to this is viewpoint two, stressing the planning process of closure and revitalisation
in a regional context and its importance in terms of (i) socio-economic transition, (ii) re-
gional prosperity and (iii) a shared vision. With respect to this, viewpoint two is consistent
with the academic discourse on the socio-economic transition from the extraction phase to
the post-closure phase [28,42,67,80]. When it comes to the question of community involve-
ment in closure and revitalisation planning, the academic literature is controversial. On the
one hand, it is recommended that closure and revitalisation planning is performed by ex-
perts [25,32], but on the other hand, the community should be actively involved, consulted
and even empowered, as they can influence the success of these processes [40,41,43,73].
A compromise, and possibly the response to this incongruity, is represented by viewpoint
four, which has community involvement at its centre, in the sense of information flow and
transparency, rather than the active participation of those concerned.

Even though social aspects of closure and revitalisation are perceived to be secondary
across the viewpoints, they enjoy a high priority in all four standards considered in this
study. Viewpoint three, with its approach of deploying experts for closure and revitalisation
planning, fits with Rio Tinto dedicating a separate expert team for closure and revitalisation.
Despite Rio Tinto’s strategy, their closure and revitalisation standard specify an opportunity
for actors to review and comment on the plans. Hence, the inclusion of experts does not
preclude the active involvement of actors and a combination of expert knowledge and actor
insights may be the ideal solution, with transparency and the provision of information as
a minimum.

Similarly, economic aspects are regarded less important by study participants, but not
by standards for closure and revitalisation: AngloAmerican, ICMM and Rio Tinto focus on
securing but minimising closure and revitalisation funding, i.e., considering the situation
from a company perspective. IRMA is concerned with ensuring the company can bear
all closure and post-closure costs, which is also required by viewpoint one. Neglecting
economic aspects might be related to the Eastern and Southern European focus of the
study. Nowadays, apart from a few exceptions, the extractive sector in this region is of little
economic importance at national, local and regional level, due to the decline in extraction
activities. In contrast, the standards are internationally oriented and refer to areas where
mineral extraction has a high economic relevance, especially to developing countries where
the closure and revitalisation of a site holds many opportunities for the future of the country,
but also risks [28,80].

Owing to the differences between the requirements of the internationally oriented
standards and the societal expectations (e.g., responsibility and sustainability) or spec-
ifications (e.g., through environmental legislation including the European Green Deal)
on the European extractive sector, a divergence occurs. While three of the four closure
and revitalisation standards considered here—AngloAmerican, ICMM and Rio Tinto—
prioritise social aspects under economic conditions ahead of environmental aspects, it tends
to be the reverse for the viewpoints. Viewpoint five even goes far beyond the individual
standards in its expectations for environmental protection, but comes closest to the ap-
proach of IRMA [49]. Conversely, the emphasis on the operational level of viewpoint one,
in spite of its environmental focus, suggests a bias towards the company standards, i.e.,
AngloAmerican [47] and Rio Tinto [50].

From a company perspective, the focus on social and economic considerations is
meaningful for two reasons: (i) social acceptance towards the extraction sector has a crucial
impact [40,43] and (ii) extraction companies are responsible for financing closure and
post-closure activities. Apart from the necessity of financial resources for closure and
revitalisation activities, the transition from the extraction phase to the post-closure phase
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is also linked to economic aspects [30,65–67]. Neglecting economic aspects affects the
economy of the post-closure area [66] and also social conditions in the surroundings of
the closed site [65,67]. Thus, economic aspects of closure and revitalisation should not
only be of relevance for extraction companies responsible for closure and revitalisation
and the municipality that wants to sustain or improve the regional prosperity, but also for
local communities. The knowledge gap concerning the impact of closure and revitalisation
on future economic prospects and livelihoods has already been pointed out by Bainton
and Holcombe [42]. In turn, from a community perspective, highlighting environmental
and social aspects is justified, as communities have to bear the after-effects of closure and
revitalisation [44]. The interdependence between extraction companies and society requires
collaboration to achieve a successful and sustainable closure and revitalisation.

6. Conclusions

By analysing actors’ perspectives on the closure and revitalisation of an extraction
site, this paper reveals the presence of different viewpoints and priorities and how they
relate to the standards used in this study. Furthermore, the knowledge of consistent
and controversial perspectives across the resulting viewpoints should contribute to a
better understanding of possible tensions between actors. With the growing importance
of sustainability in the extractive sector [12,16,17], increasing attention has been paid to
environmental, social and economic aspects of closure and revitalisation [34,77,78], as well
as society’s expectations towards the sector. The precedence given to environmental aspects
and the consensus of all viewpoints on the need to prevent any negative environmental
impacts when closing an extraction site clearly demonstrates an awareness of the necessity
to protect ecosystem services. Nonetheless, only one out of four standards, i.e., IRMA,
addresses the environment as a core aspect in closure and revitalisation; the others focus
on social aspects under economic considerations. Whilst civil society is more in line with
IRMA [49], which is based on a multi-stakeholder process, companies tend to follow their
own specific standards, e.g., AngloAmerican [47] and Rio Tinto [50], or standards with a
corporate orientation, e.g., ICMM [48].

The closure and revitalisation activities are only small elements in the extraction
site’s life cycle. The various guidelines, standards and initiatives for a responsible and
sustainable extractive industry are the baseline for improving the sector and shifting
it towards sustainability, but their implementation is crucial. Vague wording of many
guidelines [68] and the international orientation of the standards result in implementation
difficulties in Europe and inconsistent practices. This suggests developing standards
specifically targeted at the European extractive industry.

For this paper, post-extraction activities are considered separately from the actual
process of mineral extraction. Of course, these processes are interlinked. By planning
and managing the extraction process itself sustainably right from the start, the focus of
closure and revitalisation can be placed more on the enhancement of ecosystem services
and social welfare than damage control. Looking into these opportunities more closely
would, however, be the scope of another study. Future investigations on technical aspects
of site closure and revitalisation, including backfilling, pit lakes and requirements for water
treatment, would also be of relevance due to the related challenges.
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