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Abstract

Since the inclusion of mineral exploration as an activity with sustainable potential in Agenda 21, the
development of metrics to evaluate and monitor the sector has been deemed necessary. Thus, to obtain accurate
information and to develop an evaluation index, a set of indicators based on the Triple Bottom Line was selected.
The methodology based on Gravity, Urgency and Trend (GUT Matrix), developed in 1981 by Kepner and
Tregoe, was used to evaluate the weights assigned to the indicators. The results were organized according to the
level of relevance of the environmental, social and economic criteria at levels 4, 3 and 2, respectively. A ranking
was created among the indicators of each criterion that gave rise to the proposed evaluation index. Through a
qualitative analysis, it was possible to validate the proposed index as to its efficiency, applicability, ability to
reverse the current situation of the sector and monitoring of the exploration activity, proposing improvements &
enabling the minimization of negative impacts. Finally, understand that it is possible to accept mining as a
sustainable activity.
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1. Introduction

Minerals are prominent in the history of humankind, and so much improvement in the quality of life in recent
years is practically unimaginable without its exploration. However, with population growth and the
post-industrial revolution period, the demand for mineral resources has grown exponentially. With the increase
of mineral exploration and production standards arises the need for a targeted management that has as main
purpose the tangibility of sustainable practices, so that the negative impacts are minimized (Mason et al., 2011;
Nunes, 2006).

Immersed in a market characterized by a variable and multiple stakeholder group, with mostly conflicting
objectives, the industrial sector has a capacity for evolution and adaptation to the slow and unstable sustainable
system. It is known that the adoption of sustainable practices that are environmentally responsible, socially
correct and economically viable has the power to collaborate so that negative impacts are minimized throughout
the life cycle of the exploration. However, environmental and social issues, even if governed by international
laws and decrees, have less impact on the management decision-making process (Carter, 2012; Driussi& Jansz,
2006).

Delai and Takahashi (2011) state that the measurement and assessment of sustainability within organizations is
recognized as an engine capable of driving the inclusion of sustainability as an important issue throughout the life
cycle of the activity in the decision-making process and also in the organizational system. The use of
methodologies that analyse multiple criteria and that are able to evaluate criteria quantitatively and qualitatively
are considered the best alternatives for the correct valuation of the Triple Bottom Line.

Due to the large amplitude of the mineral sector and the multiple objectives and stakeholders, the use of
Multi-criteria Decision Making Methods (MCDM) as auxiliary tools for a concise assessment is considered a
step forward in this research model. These tools help to select, classify and prioritize the criteria under analysis
by assigning weights to them, regardless of the conflicts between the parties and objectives (Oskarson, 2015).
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The GUT (Gravity, Urgency and Trend) method, capable of evaluating multiple criteria in an integrated way and
providing extremely reliable results, was used for this work.

Gravity represents the possible damage or loss that can occur in a given situation. It should be analysed by
considering the intensity or negative impact that the problem can cause if it is not solved. Urgency represents the
question of the existing time for a problem or situation to be resolved, taking into account the available time.
Trend represents the potential for growth of the problem and the probability of becoming even greater over time
(Vasconcelos et al., 2013).

From the application of this model to the ranking of the 65 selected indicators, it was possible to diagnose which
criterion has the greatest weight within the base that make up the Triple Bottom Line and to elaborate an index
of sustainability evaluation for the mineral sector. The purpose of this index is to diagnose the degree of
sustainability of companies that carry out mineral exploration and the main mistakes made by the managers, thus
allowing the elaboration of an action plan aimed at minimizing and mitigating negative impacts. The main
peculiarity will be the possibility of continuous monitoring for each company during the accomplishment of the
exploration project and the classification or not of these companies as sustainable. After completing the
development stage, two case studies were carried out with the objective of evaluating the applicability of the
index and making it compatible with the needs of the mineral sector as a whole.

2. Material and Methods
2.1 Quantitative Analysis

Stakeholders based on their own experiences, knowledge and problem perception usually assign the criterion
weights (Yilmas & Harmancioglu, 2010). Representatives of the mining sector, of the public power, NGO
(representing the interests of internal and external society involved in mineral exploration activities), and the
academy (students and teachers) were selected as stakeholders for this work.

After the selection of the stakeholders, the criteria matrix (based on the Triple Bottom Line) and alternatives
(selected from the systematic review of the literature) were developed. Through the matrix, a closed
questionnaire was prepared and sent to 25 (twenty-five) representatives, from which, based on their extensive
knowledge of the subjects covered, weighs in relation to each of the alternatives or sub-criteria.

The weight given to each criterion is relative to the approach of the GUT method and generates a final ranking as
to the degree of importance of each indicator and its inference in the degree of sustainability. To obtain a final
value of the hierarchy, the calculation will be performed using:GxUxT = the final weight reached by the
criterion. After the attribution of the weights, it is estimated that the higher the result the higher the priority
(Vasconcelos et al., 2013). The score to be assigned follows the guidelines described in Table 1.

Table 1. Values of the weights to be assigned to the criteria

Score  Gravity Urgency Trend
5 Extremely serious ~ Immediate action required. If nothing is done, the potential for aggravation is immediate.
4 Very serious Very urgent. It will get worse in a short time.
3 Serious Urgent.Deserves attention in the short term. It will get worse.
Solve as soon as possible.
Not too serious Little urgent. Can wait for some time. It tends to get worse.
Not serious Can wait. No hurry. It will keep on tending to not get worse, and there may even be

an improvement.

Source. Adapted from Klassman, 2011.

After finding the total weight of each criterion based on the judgment made by the stakeholders, the obtained
data were normalized using equation 1 in order to allocate the values in the same range of values, avoiding that
one dimension overlap in relation to the others:

= 2 (1)

T =
J /
Z?:lfé'

Where: r;; = total value of the criteria; i = alternative; j = criterion; fjj = matrix composed of the number of
alternatives multiplied by the number of criteria.

Source: Donget al., 2014.

From there, the final sum (Wy) of the weights of each of the criteria was calculated and a final ranking was
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elaborated. Equation 2 will be used for the sum of the total weights:

Wg = E:(xvvt + X Bt + E:'vat e 2)
Where: W= final sum of the weights assigned by all stakeholders; X o, indicator 1; B, indicator 2; v, =
indicator 3.

2.2 Qualitative Analysis

As key questions for the validation of this metric, the purpose is to answer the following questions: Is the
proposed index compatible with the reality of companies in developing countries? Does the proposal apply to
both large and small companies, and are the conditions in which they are accessible? Does the index comply
with relevant environmental legislation? From the results obtained, it is hoped that it will be possible to
generalize theoretical propositions, since this is the objective of the case study research, to expand and generalize
theories (Yin, 2009).

After selecting the research area and the companies, a structured questionnaire,considered transdisciplinary and
integrative, was developed to be applied in the selected companies.The weights defined by the stakeholders,
applied to the questions related to the indicator approached, will be used for the final sum of the percentage
acquired by the companies regarding the degree of sustainability.

Equation 3 will be used for the sum from the answers obtained through the application of the questionnaire.

peso

S

n

_ (pesoA1l) + peso(A2) + peso(A3) ...peso (S1) + peso(S2) + peso(S3) ...peso(E1) + peso(E2) + peso(E3) ...
n

3)
Where: Y sf means the sum of the final sustainability; A1, A2, and so on refer to environmental indicators; S1,
S2 and the others refer to social indicators; E1, E2 and so on refer to the economic criteria. When these attributes
are present, they are assigned the value 1, and when they are absent the value 0; weight refers to the value
attributed by the GUT methodology (Table 1); n refers to the number of criteria that make up the index. It should
be noted that some of the weights would be assigned negative values because they are undesirable indicators
within the mineral sustainability, i.e., when they occur, they are considerednegative influences of the activity.
These indicators are:irreversible impacts, generation of toxic effluents, release of greenhouse gases (GHG),
tailings dam vulnerability, silting of bodies of water, toxic dust, presence of erosion, complete change of
landscape, environmental accidents (historical), deforested area, environmental pending matters, current
environmental proceedings, public civil action, signing of conduct adjustment term (CAT); visual impact,
explosive detonation, health (history of pollution-related diseases and labour fines).

Based on the explanation of the concepts of weak and strong sustainability and the interception curve of the
graph elaborated in the work of Motta (1995), that represents the ecological optimum of degradation, it is
accepted that the companies that reach a percentage equal to or above 70% of the weights will be considered
sustainable, as discussed in the theoretical framework.For this purpose, the sum of the weights obtained by the
environmental, social and economic criteria will be calculated and divided by 3 (number of criteria), addressing
the percentage of each individual criterion and in an integrated way. Companies that do not reach this percentage
will be described as necessary to a reframing of their activities, through the desirable sustainable standard.

2.3 Area of Study

The micro region of Pogos de Caldas, one of the ten micro regions that make up the southern and southeastern
mesoregion of Minas Gerais, was selected as the study area. This region is highly known for its mining potential
and for the various mining ventures in the region. A quantitative survey of the current projects in the region was
carried out through the Regional Superintendency of Environmental Protection (SUPRAM/Varginha) and later
two companies were selected, one small and one large sized.

These companies were selected based on their size in order to obtain information on the socio-environmental and
economic objectives and perspectives of a small and large company, and to develop their activities in a region
with high mining potential. In addition, the coverage area of these companies is close to priority conservation
areas.
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3. Results and Discussions

The return of the questionnaires sent to interested parties was 64%. The results of the applied questionnaires
express that the environmental criteria as level 4, followed by the social criteria as level 3 and finally the
economic criteria as level 2 are the elements of greater gravity and interference in the issue of sustainability in
mining.

The sub criteria related to the environmental criterion were defined as level 4, with a percentage of 44% (Figure
1). This assessment shows the insecurity of stakeholders as to the various impacts that have been caused by the
activity throughout history on the environment and society, which have a negative impact on the economy
through the implementation of recovery measures and compensation for damages. According to the experts, this
criterion was the most important among those analysed.

DEFINITION OF ENVIRONMENTAL LEVEL BY
STAKEHOLDERS
8
6
4
| N
0
1 2 3 4 5

Figure 1. Attribution of weights to environmental indicators by stakeholders with a percentage equal to 44%,
classifying it as level 4

Regarding the ranking of indicators related to the environmental criteria, the ten priorities were defined as: Solid
waste management plan (81.9%), presence of water resources in the extraction area (80.9%), effluent treatment
(80.9%),presence of ecological corridor (79.04%), development and implementation of the Recovery Plan for
Degraded Areas (RPDA) (78.09%), generation of toxic effluents (77.14%), irreversible impacts (77.14%),
release of greenhouse gases (76.19%), vulnerability of the tailings dam (76.19%) and siltation of rivers and lakes
(74.28%).

Approved in 2010, Law No. 12,305, which instituted the National Solid Waste Policy, is considered an important
instrument for Brazil’s progress in addressing the main environmental, social and economic problems arising
from the incorrect management of the waste generated (MMA, 2010). Regarding mining, the solid waste
management plan, defined as the main sub-criterion of the environmental criterion, is a legal document that
proves the company’s ability to manage the waste produced throughout the exploration processes, promoting the
reduction of waste generation, proposing sustainable consumption practices and the environmentally correct
disposal of the tailings generated.

Water, considered by stakeholders as the second sub-criterion of greater weight within the environmental criteria,
is a resource that requires an intense search for innovations that promote its better management and control of
the generation of potentially toxic effluents, reducing the risks of negative impacts such as increased
eutrophication, sedimentation, contamination by heavy metals, among others.Relating water to mining, a table of
overlapping concentrations of areas of mineral exploration with areas of high water demand can be presented, as
well as the Brazilian Southeast, which has a great urban network.

According to Ciminelli (2010), in addition to conflicts originated in order to maintain the good quality of the
water resources present in the mining area, there is an increasing need of mining companies in expanding spatial
scales for the use of ores, in order to obtain greater use and reduction of costs and investments, starting to be
considered no more a local intervention, but a territorial one.

The mandatory submission of PRAD is based on the principle that areas that are environmentally disturbed by
mining activities must be returned to the community or landowner under conditions that are desirable and
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appropriate to the return of the original land use or to those necessary for the implementation of another future
use (Lima et al., 2006).However, according to Sanchez (2010), there are few comprehensive studies about the
results of the recovery plans and he questions the situation of the PRADs, if they are actually implemented, if
they present a list of effective measures for environmental recovery, if companies have human and financial
resources for the correct implementation of the measures envisaged.

Another question is whether companies are able to present clear evidence to demonstrate the results obtained in
the recovery of degraded areas. The principle guiding the restoration of degraded ecosystems, especially by
mining, is to restore soil functions in order to provide adequate initial conditions for revegetation. The main and
most difficult restoration to be done in degraded soil is qualitative and refers to its potential for vegetation
development, including retention of water and nutrients (Duarte & Casagrande, 2006).

The sharp destruction of natural habitats is considered as one of the main causes of the extinction of animal and
plant species. The fragmentation of continuous areas that become isolated mosaics of the initial habitat causes
effects like the border effect and the isolation of habitats and consequently diminish the ecological relations,
genetic variability, loss of exotic species, among others (Pimm & Raven, 2000; Saunder et al., 2001). In addition,
vegetation is an important agent of physical impediment to the action of weathering agents, preventing damages
such as discharging and carrying of particles caused by the droplets, reducing runoff and increasing the time of
water absorption by the soil (Bezerra, 2013; Gomes & Silva, 2013).

The closure of mines and the future use of extraction areas require a profound reflection on the legacy and
environmental liabilities caused by mining. Therefore, at the 1992 Rio Summit, several authors emphasized the
importance of exploration, technological innovation and environmental rehabilitation. The post-extraction phase,
within the life cycle of a mine is considered one of the most important in the evaluation of environmental
sustainability, since it is when the balance of benefits and harms caused are examined (Younger, 2006; Sanchez,
2011; Amezaga et al., 2011).

Regarding the sub criteria approach related to social criteria, the attribution of weights by stakeholders reflects
the importance and magnitude of the possible impacts of each criterion, being defined as level 3 (Figure 2), with
a percentage of 56%. Thus, the damages are considered as regular, needing resolution as soon as possible and
tend to worsen in the medium term.

DEFINITION OF SOCIAL LEVEL BY
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Figure 2. Attribution of weights to social indicators by stakeholders with a percentage equal to 56%, classifying
it as level 3

Regarding the ranking of the sub criteria related to the social criterion, the ten priorities were defined as: Safe
working conditions (67.61%), Sound impact (63.08%), Training plan for servers (62.85%), Visual impact
(62.85%), Female participation (positions held) (61.90%), Detonation of explosives (60.95%), Health (history of
diseases related to pollution) and safety (60.95%), Generation of direct and indirect jobs (60%), Illiteracy rate
(57.14%) and Social certification (57.14%).

The ISO 26000 Standard of November 1, 2010, known as the first international standard dealing with corporate
social responsibility, raises hopes that companies can better cope with the environment around them. The
standard is based on the principles of accountability, ethical behaviour, stakeholder consideration, legislation and
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human rights. However, according to Ibase, in Brazil, there is no legal obligation for companies to publish the
social report, which makes it difficult to analysecritically the real situation so far. Many companies do so for
reasons ranging from ethical commitment to the competitive advantages that this can provide, encouraging
companies to disclose the social and environmental actions developed, annually.

The forms of distribution of mineral resources are an important consideration for mineral sustainability, where
there are intense debatesat international level on the aspects of the distribution of the values collected by mineral
processing. Many believe that local communities, where the negative impacts are most pronounced, should
receive a greater proportion of benefits (ICMM, 2012; Moran & Kunz, 2014).

Investments related to the development and management of environmental resources have a complexity of
variables to consider. The economies of many developing countries, and especially mining towns, depend
heavily on resources from local exploration (Davies & Osano, 2005). However, as discussed in the work of Yu et
al. (2005), in one of the major mining cities in eastern China, most of the mineral resource reserves tend to be
depleted and the return of resources hardly satisfies the development and growth of the extraction areas.

Interpretive systems and management tools can help strengthen interconnections between operations, the
environment and the community, facilitating record keeping, understanding and relationship between parties, and
meeting the expectations and goals of all stakeholders. Thus, it is possible to evaluate the stages of the processes
that make up the exploration project, promoting improvements between the stages of the past, present and future
(Gomez & Hebert, 2015; Moran & Kunz, 2014).

When questioned about the economic criteria and its indicators, the stakeholders defined that the criterion
economy has the lowest level among the principles adopted by the Triple Bottom Line. When the relative
percentage among stakeholders was admitted, the economic criterion was described as level 2 (Figure 3) with a
percentage of 44% in relation to the distribution of weights. Thus, characterizing the criterion denominated as
responsible for minor damages within the mineral sustainability, in which the priority is low and can wait for the
solution of the problems because it can only get worse in the long term.

DEFINITION OF ECONOMIC LEVEL BY
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Figure 3. Attribution of weights to the indicators that make up the economic criterion, by stakeholders,
classifying it as level 2 with 44%

The ranking order of the ten sub criteria that compose the economic criterion in the ranking addressed by this
research are: Investment in environmental technology (55.23%), Local investment (roads, highways, basic
sanitation) (54.28%), Annual production (51.42%), Financial compensation (CEFEM) (51.42%), Number of
employees (50.4%), Regional economic development (49.52%), Gross revenue (49.52%), Regional economic
development (48.57%), Local suppliers (41.90%), Municipal net available income (purchasing power of each
citizen) (41.90%).

Mineral resources were considered responsible for the economic growth of many countries. However, most of
these countries were unable to achieve distributed growth, focused on equity among stakeholders, which can be
explained by poor economic management and little applicability in investments and returns to the community.
Mining, like any other industrial sector, must be delineated so that the products provide a positive outcome both
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for companies, aiming the expected profit, and for human and ecosystem well-being (ICMM, 2012; Kumabh,
2006).

Many developed and developing countries, endowed with mineral resources, have for centuries been able to
maintain mineral extraction as a source of wealth and activity, but today they are in retrograde situation (Kumabh,
2006), reducing the economy and seeking new sources of exploration and development. This fact can be
explained by the adoption of unsustainable and tenuous practices, which trigger the exhaustion of these resources
and the non-promotion of an equitable development among the parties involved.

Shanxi Province, in China, is a model of mineral exploration on unsustainable bases, where the wide range of
coal resources arranged in different parts of the province promote the current development of the local economy.
However, the survival of the population is threatened by deficit of environmental goods and services with
unsatisfactory quality of life and in the process of exhaustion. Besides the depletion of resources that energize
the local economy are in the process of exhaustion, the economy is stagnant and reduced due to the low return on
local investment (Hong et al., 2011).

However, it is important to note that one of the most important aspects related to the elaboration of the proposed
sustainability index and the attribution of the weights addressed throughout this discussion come from the aim of
minimizing problems related to the scarcity of mineral resources and the minimization and mitigation of risks
and negative impacts. Thus, it makes sustainability tangible for the mining sector and allows it to be assessed,
understood and improved at each assessment with the adoption of the selected criteria.

3.1 Index of Evaluation of Mineral Sustainability

As described by Sich et al. (2007) for an index to meet the expected needs, in addition to having a concise and
efficient basis, it must also contain numerical information to be used for the representation and interpretation of
its application. By the application of logics and quantification of the established criteria, it is possible to perform
a final calculation. Since it is an activity that has qualitative and quantitative indicators, the valuation of the
criteria for the elaboration of this index was based on the GUT method, transforming all the data into
quantitative ones, making them useful and with real values (Table 2).
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Table 2. Weights assigned to the indicators for the final sum of the index (TO BE CONTINUED)

ENVIRONMENTAL WEIGHT SOCIAL WEIGHT ECONOMIC WEIGHT
Solid Waste Management 0.041910331 Safe working conditions  0.061631944 Investment in 0.085798817
Plan environmental technology
Presence of water resources 0.041423002 Sound impact 0.058159722 Local investment (roads, 0.084319527
in the extraction area highways, basic sanitation)
Treatment of effluents 0.041423002 Training plan for 0.057291667 Annual production 0.079881657
servers
Presence of ecological 0.040448343 Visual impact 0.057291667 Financial compensation 0.079881657
corridor
Recovery Plan for Degraded 0.039961014 Female participation 0.056423611 Number of employees 0.078402367
Areas (RPDA) (positions held)
Irreversible impacts 0.039473684 Detonation of 0.055555556 Regional economic 0.076923077
explosives development
Generation of toxic effluents 0.039473684 Health (history of 0.055555556 Gross revenue 0.076923077
diseases related to
pollution)
Release of greenhouse gases 0.038986355 Generation of directand ~ 0.0546875 Regional economic 0.075443787
indirect jobs development
Vulnerability of the tailings 0.038986355 Illiteracy rate 0.052083333 Local suppliers 0.065088757
dam
Silting of rivers, lakes, etc. 0.038011696 Social certification 0.052083333 Municipal net available 0.065088757
income (purchasing power
of each citizen)
Toxic dust 0.038011696 Presence of cultural 0.052083333 Equity rate (minimum rate ~ 0.063609467
heritage of return required by
investors to carry out a
given investment)
Presence of erosion 0.037524366 Cultural initiative 0.051215278 Community Development  0.063609467
Fund (1% of net income)
Mine Closure Plan 0.037037037 Labour fines 0.051215278 Social development fund 0.060650888
(1% gross revenue net
revenue)
Complete change of 0.037037037 Childcare assistance 0.050347222 Municipal GDP 0.044378698
landscape
Environmental Impact 0.036549708 Municipal HDI 0.048611111
Assessment
Measures to prevent 0.036549708 Analysis of the 0.048611111
environmental damage schooling index of
employees
Future use of extraction areas  0.03460039 Certification of 0.048611111
operational risks
Environmental accidents 0.03411306 Relationship with the 0.044270833
(history) community (history of
demonstrations, public
acceptance of the
activity, request for
public intervention).
Deforested area 0.033625731
Environmental pending
matters 0.033138402
PPA (percentage of area 0.032651072
occupied by facilities within
PPAs)
Legal reserve (presence or 0.031676413
absence)
Current environmental 0.030701754
proceedings
Public civil action
0.030214425
EIA - RIMA 0.030214425
Signing of Conduct 0.029239766
Adjustment Term (CATs)
Periodic environmental 0.028752437
assessment
Environmental certification 0.028265107

1
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The quest for sustainability is characterized by long-term vision, monitoring of results and incorporation of
stakeholders in the results obtained. Thus, the indicators become a measure that indicates the real situation and
the future to which they are submitted, making possible the adaptation of the company’s behaviour, correction
and mitigation of negative impacts. The measure of each indicator and its interrelationship can be used to
illustrate, in a simple and objective way, the current situation of sustainability for the mineral sector and its
consequences (Ezequiel, 2010; Guicardes & Feichas, 2009; Therivel, 2010).

An important aspect of sustainability, which determines the success of its evaluation as an integrated system, is
that there is no remote possibility of determining the degree of sustainability of an activity considering only the
indicators of one of the system-wide criteria. Since sustainability is determined by a set of factors that are
complementary, all must be included in the final calculation of the index (Bouni, 1996). For this purpose,
equation 3 has been developed, integrating all the indicators and thus, it will be possible to determine the degree
of sustainability in which the companies of the mineral sector meet.

3.2 Application of the Proposed Evaluation Metric

For the application and validation of the proposed index, two projects were selected, one small and one large
sized. The selection of these companies occurred because they are located in a municipality marked by the
intense presence of the Atlantic Forest and Cerrado domains described as Brazilian hotspots, several fragmented
areas and permanent preservation areas, which generates a strong interest in the conservation and proposition of
recovery measures for degraded areas.

Through the application of a structured questionnaire, it was possible to investigate the degree of sustainability
of the selected companies and still classify them as sustainable or not. Individual weights, defined by the
stakeholders (Table 1), were assigned to each of the indicators, when present, and the final sum was achieved by
applying equation 3. For the environmental criterion, the small company obtained 72.27% of the weights,
whereas the large company obtained 67.78% of the weights. Regarding the social criterion, 47.22% of the
weights and 73.17%; and, for the economic criterion, 82.95% and 86.81%, respectively (Figure 4).

COMPARISON BETWEEN FINAL WEIGHTS

100%

80%

60%

40%

20% H
0

AMBIENTAL ECONOMICO SOCIAL

X

EPESOS D PEQUENO PORTE O GRANDE PORTE

Figure 4. Results and comparison between weights stipulated by stakeholders and achieved by the small and
large companies

Some authors, among them (Lourengo & Carvalho, 2013), state that when the subject is sustainability, the
spotlight has been on the environmental dimension in particular. However, when this criterion is observed in
isolation it is possible to observe innumerable difficulties and challenges faced by the evaluated companies,
where only one of them can achieve sustainability in this dimension. It is important to emphasize that
considering the fact of investment capacity, it would be expected that the large company obtained a good score
in this criterion, since its economic return is more stable and this is one of the major excuses for the
non-adherence of clean measures and technologies. However, as noted, large companies often still do not
consider this criterion of total relevance.

Studies carried out by Sarkis et al. (2010) have shown a significant comparison between economic,
environmental and social aspects, indicating that sustainability, while social, needs a detailed research and an
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involvement of the criterion as essential and of total importance, as demonstrated in the results obtained here
(Lourengo & Carvalho, 2013). Indicators referring to the social criterion demonstrate, even in the factors
considered critical, to be in worse performance and once again, keeping the expectations of other decades, the
indicators with better performance are those that make up the economic criterion. (Garcia & Garcia, 2014;
Lourengo & Carvalho, 2013).

Thus, from an integrated analysis of the results obtained by the selected criteria none of the companies can be
considered sustainable. The great differential and generator of prominence in the industrial environment is due
today to the ethical stance and commitment of the companies with their shareholders, with the community where
it operates and with the environment. When present, the connection between corporate metrics and sustainability
demonstrates governance practices that emit transparency, fairness and accountability to all parties (Bollmann &
Marques, 2001).

Therefore, in the conclusion of the case studies, it is believed that the proposed index meets the needs described
as essential by Andrade et al. (2013), which is adapted to the reality of companies from both developing and
developed countries, and can be applied in small, medium and large companies as proposed by Sciliar (2007);
Filho and Viana (2012). It also covers the interests of the various parties and allows their equitable development
as proposed by Agenda 21, generating the minimum possible environmental impacts and stipulating mitigation
measures for those that are still inevitable, promoting a satisfactory quality of life for present and future
generations.

4. Conclusions

It is possible to accept mining as a sustainable activity. It is believed that the economic growth and development
expected by investors and owners of mineral exploration companies are optimized with the adoption of
exploration methods that reduce impacts. With adequate return to local communities, the benefits will also be
multiple. From the use of infrastructure left as legacy to the municipality until the qualification and
professionalization of society, allowing the performance and development of the municipality to remain after the
closure of activities, contributing in general to the quality of life of present and future generations.

With the accomplishment of the multiple case studies, as a form of validation of the sustainability index of the
proposed mineral activity and from the exactness of the results obtained, it is considered of great importance,
efficiency and applicability. The innovation of this model in relation to the others consists in the aggregation of
both qualitative and quantitative indicators, where with the Multiple Criteria Decision Making (MCDM) it was
possible to value each indicator and assign them weights by specialists in the cause, representing all interested
parties.

In each of the stages, it was possible to observe the inclusion of comprehensive, specific and critical indicators, as
well as to address the topics defined as essential by the legislation for the mining activity in separate and integrated
perspectives. Thus, allowing an effective evaluation of each indicator and criterion and their interference in the
whole, allowing for improvements, minimization and mitigation of impacts. However, it is proposed that new
works be carried out with as many stakeholders as possible and in different regions, thus verifying the different
perspectives encountered and closing a universal set of criteria through the various interests.
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