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Abstract 
The mining activity is essential in the economic context. However, there are several potential 

impacts caused by this activity, from the environmental and social perspective. In this regard, it 

is worth noting the relationship of this industry with the management of water use, a strategic 

resource for the business activity. This study aims to identify the relationship between the 

management of water use and the business performance in industries in the Brazilian mining 

sector. To that end, we conducted a survey with managers from industries in the sector. The 

results of the survey lead to the acceptance of the central hypothesis of the study, where there is a 

positive relationship between the management of water use and business performance, 

corroborating the significant importance of this resource to the competitiveness of industries in 

the mining sector. 

 
Keywords: Sustainability, Management of Water Use, Business Performance. 

 

 

Introduction 

 

The mining activity is characterized by its importance in the economic context, being considered 

as the basis for several key supply chains to modern life. This industry is an important source of 

energy and has a significant share in the Brazilian economy (IBRAM 2012). Despite its 

importance, the environmental impacts and social issues involved in this activity are well known. 

Discussions about the extraction of non-renewable resources, changes in environmental 

landscape and issues involving the health and working conditions of workers are some of the 
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aspects covered. In environmental terms, as examples of potential impacts we can mention the 

interference on soils, with changes in their composition and erosion, on waters, regarding the 

amount of water consumed and wastewater discharges in rivers and in the air, in view of the 

pollution caused by the processing of minerals (AZAPAGIC, 2004; HILSON e MURCK, 2000; 

MCLELLAN et al., 2009).  

Therefore, issues involving the management of water use shall be highlighted for 

addressing an essential resource to the mining activity. According to studies by the National 

Water Agency and the Brazilian Mining Institute (ANA and IBRAM, 2006), it can be said that 

the mining industry is among the largest users of water in Brazil and has the greatest 

peculiarities. These activities comprise large projects, with high environmental impact, but that 

rely on modern and efficient management of such impacts, as well as small miners, who explore 

small mines with poor controls and environmental planning. In additional, it can be noted that 

there are many challenges in this sector with regard to aspects associated with sustainable 

development.  

Considering the increasing need for reducing the social and environmental impacts, as 

well as the competitiveness in the industrial sector, we highlight, therefore, the importance of 

assessing the business performance in an integrated manner with the sustainability prospects, 

noting aspects that go beyond the economic indicators, optimizing the environmental and social 

performance of organizations (BARBIERI 2007; SAVITZ and WEBER, 2006, ELKINGTON, 

1998). Above all, it should be noted that the management of water use is an important factor 

related to the business success in the mining sector, in view of the high dependence on this 

resource, as well as the impacts of its operations.  

In this sense, we developed a survey to identify the relationship between the management 

of water use and the business performance in industries in the Brazilian mining sector. Initially, 

we describe in this study the aspects related to the management of water use and the prospects of 

sustainable development to the mining sector. Subsequently, we describe the research method 

and the technical procedures used. Finally, we present the results of the field research, its 

findings and the strategic implications for the management of the companies. 

 

Perspectives of the management of water use and sustainable development in the mining 

sector 

 

From the organizational standpoint, the core concept of sustainable development is associated 

with a term coined by John Elkington: the triple bottom line. In this approach, business success is 

not evaluated only in terms of profit, but considers the economic, environmental and social 

perspectives (ELKINGTON, 1998; SAVITZ and WEBER, 2006). 

In this sense, we highlight the importance of measuring business performance through 

aspects that go beyond economic issues, considering also the environmental and social 

indicators. Among some of the indicators used in the business environment, we shall point out 

those developed by the Global Reporting Initiative (GRI), due to its broad dissemination in the 

business world. The GRI aims to develop and disseminate globally the guidelines for the 

preparation of sustainability reports, organized in the economic, environmental and social 

categories. Although the GRI was created to be used by organizations of any size, sector and 

location, specific sector supplements were also developed. Among them are the sector 

supplement, intended for the metal and mining sector, whose purpose is to describe the specific 

guidelines for these sectors (GRI, 2006, 2010). 
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According to Azapagic (2004), the model developed by the GRI has been consolidated as 

one of the communication standards used by companies in the mining sector.  In addition, it is 

also worth noting that the mining industry is embedded in the context of integration of 

sustainability into its operations, as the sustainable development represents a major challenge to 

this sector, in social and environmental terms, due to the nature of its activities. McLellan et al. 

(2009) corroborate this argument by stating that there are advances in relation to the alignment of 

the mining industry with regard to its commitment to sustainable development, through the 

reduction of the impact caused by the production process. Such integration requires a 

commitment to the continuous environmental and socioeconomic improvement, from mineral 

exploration, going through operation, to the end of the chain (HILSON and MURCK, 2000).  

Among the challenges for the integration of the mining industry in terms of prospects for 

sustainable development we have the strategic management of water use in its activities, as it 

refers to a strategic resource for mining. 

The management of water use has been debated since the Stockholm Conference, in 

1972, considered by researchers as one of the natural resources that most aroused the concern 

among researchers. Given the importance of water as an important resource, especially for 

operations at the industrial level, its management becomes not only a matter of public domain 

but it should also be understood as a concern for the optimization and efficiency of the 

management of business resources. There are several drivers that justify and lead companies to 

reduce water use, as well as develop policies for sustainable use. Among these drivers are: cost 

reduction, generating benefits for the company; availability, since scarcity compromises 

production; the reputation of the company in view of a society increasingly aware of the 

environmental impacts; the risk associated with community pressures facing local authorities and 

the high investments for water management (LAMBOOY, 2011). Corroborating this argument, 

Ceres (2010) states that companies should care about their “social license to operate”, especially 

in areas of water stress caused by the scarcity of this resource.  

In this sense, we highlight the study conduced by Ceres (2010), which aimed to 

understand how companies present in critical and vulnerable sectors, in relation to water use, 

have been assessing, managing and communicating their risks in relation to their operations, 

supply chain and products.  The corporate speeches of the study were evaluated through a 

framework that covers the following dimensions: (1) Control of the amount of water, (2) Risk 

Assessment, (3) Operational, (4) Supply Chain and, (5) Stakeholder Engagement. Among the 

main results presented, we can mention the low performance in relation to corporate speeches 

about the risks associated with water use and the performance of companies. It was also noted 

that among the sectors studied, the mining sector was the one that with the best performance 

(CERES, 2010). 

It is a consensus among those involved in the mining activity the existing duality in the 

water-mine ratio. If, on the one hand, it is extremely necessary in various activities and processes 

in this industry, on the other hand, it is the source of many problems, implying additional costs. 

Thus, the success and viability of the mining activity strongly depend on the interaction with 

water, requiring knowledge and interaction in the hydrological context, both on the exploration, 

operation, closure and post-closure of the mines, as well as in the treatment of ores (ANA and 

IBRAM, 2006). According to Fennel (2012), the management of water use is one of the biggest 

challenges for the safe and economic development of the mining activity, thus requiring an 

integrated and holistic approach to water management, taking into account scientific, engineering 
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and regulatory aspects to ensure the sustainable development and utilization of opportunities for 

innovation in the management of water use. 

Based on the theoretical considerations, below we present the central hypothesis that 

guides the development of this study: H1: The management of water use impacts the business 

performance of industries in the Brazilian mining sector. 

Considering the importance of the management of water use to the mining activity and 

the performance evaluation for the corporate competitiveness, we intend to confirm the direct 

relationship existing between the constructs in the industries surveyed.  

 

Method 

  

In order to achieve the objectives proposed, we developed a study of quantitative approach and 

descriptive nature, through a survey (HAIR et al., 2003). The research base comprises mining 

industries associated with the Brazilian Mining Institute – IBRAM, considering that this is the 

largest organization representing companies and institutions working in the Brazilian mining 

industry. For the composition of the target population, we adopted the following criteria: 

 (1) The participation of the industry in the board of members of IBRAM or a trade 

association associated with this institute; (2) The development of extraction, transformation or 

processing activities of any mineral commodity. 

All companies belonging to the target population were contacted and the sample 

consisted of companies that effectively returned the data collection instrument constituting, 

therefore, a non-probability sampling, by accessibility. We collected 50 questionnaires from a 

sample of 260 companies, a return rate of 19%, an acceptable index for surveys of this nature.  

Data were collected through email, by using a questionnaire developed based on the 

conceptual model proposed. The independent variables of the model allow the identification of 

the management practices of water use, based on the study conducted by Ceres (2010), which 

define 19 indicators relating to the following aspects: (1) control of the amount of water, (2) risk 

assessment, (3) operational practices, (4) supply chain and, (5) stakeholder engagement.  

The dependent variables that identify the business performance are based on the model 

developed by the Global Reporting Initiative – GRI (2006) and its supplement focused on the 

mining sector (GRI, 2010). The business performance is assessed through 31 indicators, which 

can be categorized by the following dimensions: (1) economic, (2) environmental and (3) social. 

To measure the independent and dependent variables described above, we used a 10-

point interval scale, in which the respondent could indicate the degree of agreement according to 

the practices held by the company, where ‘0.1’ represents the lowest degree of agreement and 

‘1.0’ the highest degree of agreement. The respondent could also indicate the option ‘0’ for the 

option ‘not applicable’. The questionnaire was reviewed by experts in the field and subsequently 

a pilot test was developed and conducted with three companies in the Brazilian mining sector.  

Data analysis was conducted through the observation of descriptive statistics, using 

univariate and multivariate techniques, with the support of the SPSS v.17 software. The data 

normality was tested using the Kolmogorov-Smirnov and Shapiro-Wilk tests (HAIR et al., 

2003). In both tests, it was identified that the collected data do not present normal distribution. 

This distribution led to the selection of the statistical tests applied. The multivariate data analysis 

consisted of an exploratory factor technique, which according to Hair et al. (2006), has as its 

primary purpose to define the inherent structure between the variables in the analysis. For the 

extraction of the factors, we used the principal component analysis technique, with the varimax 
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rotation method, which maximizes the sum of the variances of the required loads, thus providing 

a clear association between the variables and the factor. For the selection of the factors, we used 

the Kaiser criterion with eigenvalues of significance greater than 1.0. The adhesion of the 

variables took into account their commonalities, the correlation matrix, the anti-image matrix and 

the matrix of components, as indicated by Pestana and Gageiro (2003). The quality of the 

correlation between variables is identified by the Kaiser-Meyer-Olkin (KMO) index and 

Bartlett’s test of sphericity. Finally, we verified the internal consistency of the groups of 

variables, through the analysis of the Cronbach’s Alpha (PESTANA and GAGEIRO, 2003).  

To verify the impact of the management of water use in business performance, we used 

the multiple regression analysis that, according to Pestana and Gageiro (2003), refer to a 

multivariate, descriptive and inferential statistical technique. We adopted the method of least 

squares, which seeks to minimize the sum of squared errors of prediction (Hair et al., 2006). The 

mode of entry of the variables is called stepwise. Based on the presentation of the research 

methodology used, we are able to move toward the presentation and analysis of the research 

results. 

 

Results 

  

The results presents initially refer to the characteristics of the industrial companies belonging to 

the sample. Then, we present the exploratory factor analysis and, finally, the evidence of the 

relationship between the management of water use and business performance in the industries 

surveyed, through the multiple regression analysis. 

 

Profile of companies 

With regard to the main characteristics of the companies surveyed, it is possible to note that, in 

relation to the period of operation in the market, the companies have been operating for 37 years, 

on average. There is, however, a huge variation in the range of this indicator, because the 

company with the least period of operation in the sample is three years old and the one with the 

longest period in operation, is 130 years old.  

Most of the industries are located in the South and Southeast regions of the country, out 

of a total of 12 Brazilian states, from which originate the 50 companies that make up the sample.  

About the size of the companies, it can be noted that there is a predominance of micro 

and small enterprises (42%). Relating to the main mineral products extracted by the companies, 

we found the diversity of the sample, because the 50 companies comprising it operate in the 

extraction of 17 different types of minerals. The most of the companies operate in the extraction 

of mineral aggregates (26%). We should also highlight the presence of companies producing 

iron, bauxite, niobium and nickel, which according to IBRAM (2012), are among the main 

minerals found in Brazilian grounds.  

 

Factors that influence the management of water use and business performance 

In view of the large number of variables that make up the conceptual model - 19 indicators 

related to the management of water use and 31 relating to business performance, we chose to 

conduct a factor analysis. This exploratory technique was applied aiming to condense the 

information of several variables into a smaller set of new dimensions (factors), with a minimum 

loss of information (HAIR et al., 2006). We obtained KMO index above 0.70, Barllet’s test with 

significance lower than 0.001 and total explained variance greater than 70% in both constructs. 
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The reliability of the scales, using the Cronbach’s Alpha, shows its suitability, as proposed by 

Pestana and Gageiro (2003). Table 1 shows the factor analysis related to the management of 

water use.   

 
Table 1 – Factor analysis related to the management of water use 

Factors Variables 
Factor 

Loads  
Engevalues 

Total 

Explained 

Variance 

Corporate and 

operational 

control  

Effort to reduce water use at the corporate level 0.890 

4.415 24.53% 

Effort to reduce the discharge of waste water  0.828 

Control of the amount of water withdrawn/consumed 0.719 

Control of the discharge of wastewater 0.700 

Policies and management systems in relation to water  0.637 

Information about non-conformity, violations or penalties in 

water use or waste discharges 
0.598 

Targets to reduce water use at corporate and local level 0.579 

Risk 

assessment  

Awareness of its exposure to litigation risks 0.940 

3.809 21.16% 
Awareness of its exposure to regulatory risks  0.921 

Awareness of its exposure to physical risks  0.812 

Awareness of its exposure to reputation risks  0.764 

Stakeholder 

engagement 

Collaboration with stakeholders in the management and 

restoration of watersheds 
0.905 

3.268 18.16% 

Consultation with communities and NGOs to implement or 

expand operations. 
0.840 

Collaboration with stakeholders on issues involving 

drinking water and sanitation 
0.766 

Targets to reduce the discharge of waste water  0.556 

Supply chain 

Effort in collecting data and monitoring the impacts of its 

suppliers  
0.874 

2.653 14.74% 
Effort in assessing, training or helping its suppliers  0.829 

Targets to reduce impacts in the supply chain 0.794 

¹ Method of extraction: Principal component analysis. Rotation method: Varimax with Kaiser normalization, with 

conversion in 5 iterations. KMO = 0.729, Bartlett's test with significance p = 0.000. Total Cronbach’s Alpha: 0,934 

 

The results presented indicate the construction of four factors, which explain 78.56% of 

the total variance of the figures. The total Cronbach’s Alpha greater than 0.90 indicates the 

internal consistency of this construct. Due to the low correlation to the factors extracted a 

variable was excluded from the database after the completion of the initial rotation. Thus, the 

factor analysis meets the requirements proposed for conducting the statistical test (HAIR et al., 

2006; PESTANA e GAGEIRO, 2003). 

The factor analysis of the variables related to the business performance is described in 

Table 2, presented below. The results of the factor analysis suggest the construction of five 

factors, which explain 74.49% of the total variance of the figures. The total Cronbach’s Alpha is 

greater than 0.90, indicating the reliability of the scale. Due to the low correlations, 10 indicators 

have not joined the factors extracted, after the initial rotation, and were excluded from the 

analysis, thus improving the model of analysis. 

Based on the factor analysis presented, it was possible to identify the four factors related 

to the construct of management of water use and the five factors associated with business 
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performance. Based on these dimensions, it is possible to move towards the analysis of the 

relationship between the management of water use and business performance. 

 
Table 2 – Factor analysis related to business performance  

Factors Variables 
Factor 

Loads  
Engevalues 

Total 

Explained 

Variance 

Economic and 

community 

impacts 

Increase of the generated and distributed direct economic 

value  
0.803 

3.859 18.37% 

Investments in infrastructure and services offered 

especially for public benefit  
0.747 

Increased presence of policies, practices and proportion of 

expenses with local suppliers. 
0.741 

Higher proportion of senior management hired from the 

local community. 
0.730 

Programs and practices to reduce the impact of operations 

on communities 
0.580 

Environmental 

impacts. 

Reduction of environmental impacts related to the 

transportation of products, materials and workers. 
0.808 

3.623 17.25% 

Initiatives to reduce environmental impacts of products and 

services 
0.765 

Reduction of water consumption 0.634 

Reduction of direct and indirect energy consumption 0.634 

Reduction of the total values of overload, rocks, tailings, 

and sludges and their associated risks. 
0.558 

Reductions in emissions of greenhouse gases, effluents and 

waste 
0.526 

Social impacts 

on human 

rights and 

stakeholder 

engagement 

Increase in the percentage of suppliers and contractors 

submitted to assessments relating to human rights 
0.712 

2.840 13.52% Measures to reduce discrimination 0.690 

Increase of stakeholder involvement 0.684 

Measures to abolish child labor and/or slavery 0.684 

Social impacts 

on labor 

practices 

Occupational health and safety programs 0.854 

2.798 13.33% 

Reduction of rates of injury, occupational diseases, lost 

days, absenteeism and work-related deaths 
0.772 

Investment in training 0.634 

Increase in the percentage of land rehabilitation  0.541 

Social impacts 

on product 

liability 

Adequacy to labeling requirements for products and 

services 
0.874 

2.523 12.02% 
Programs and progress relating to the management of 

materials aiming at sustainability. 
0.688 

¹ Method of extraction: Principal component analysis. Varimax rotation with Kaiser normalization, with conversion 

in 10 iterations; KMO = 0.804, Barlett sig p = 0.000; Cronbach’s Alpha: 0.934 

 

Analysis of the impact from the management of water use in business performance 

This section aims to assess the impact from the management of water use in business 

performance, by using the multiple regression technique. In this case, it is possible to check 

whether the factors related to the management of water use significantly impact the increase in 

business performance, identifying the degree of this relationship.  
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The independent variables that initially comprise the model are the four factors of water 

use management extracted in the exploratory factor analysis, namely: ‘Corporative and 

operational control’, ‘Risk assessment’, ‘Engagement with stakeholders’ and ‘Supply chain’.  

The dependent variable is represented by the Business performance index, calculated 

based on the weighted average of the business performance factors, extracted in the exploratory 

factor analysis, taking into account the weights of their respective explained variances. 

In the multiple regression analysis, we used the Least Squares Method, in which, 

according to Hair et al. (2006), the regression coefficients are estimated aiming to minimize the 

sum of squared residuals. We used the stepwise method of entry, which allows the analysis of the 

additional contribution of each independent variable to the model before its insertion. Table 3 

below shows the coefficients obtained in the regression analysis in each one of its stages. 

 
Table 3 – Coefficients of the regression model 

  

Model 

  

Non-standardized 

coefficients 

Standardized 

coefficients 
t test Sig. VIF 

Coef. B 
Standard 

error  
Beta  

   Step 1        
 

 
   

Constant 0.000 0.055   0.000 1.000   

Stakeholder engagement 0.239 0.056 0.528 4.307 0.000** 1.000 

   Step 2             

Constant 0.000 0.049   0.000 1.000   

Stakeholder engagement 0.239 0.050 0.528 4.797 0.000** 1.000 

Corporate and operational control 0.177 0.050 0.390 3.543 0.001** 1.000 

Dependent Variable: Business Performance Index 

  

The set of summary statistics of the regression model is presented in Table 4 below, 

which shows the coefficients R, R² and adjusted R², in addition the Durbin-Watson test.  

 
Table 4 – Summary statistics of the regression model 

Model R R² 

Adjusted 

R² 

St. Error of 

the 

Estimate 

Statistics of Change 

Durbin-

Watson 

Change in 

R² 

Change 

in F gl1 gl2 

Change, 

in F-Sig 

1 0.528a 0.279 0.264 0.38913 0.279 18.550 1 48 0.000 
 

2 0.656b 0.431 0.407 0.34935 0.152 12.552 1 47 0.001 1.764 

a. Predictors: (Constant), ‘Stakeholder engagement’. b. Predictors: (Constant), ‘Stakeholder engagement’, 

‘Corporate and operational control’. c. Dependent variable: Business Performance Index 

 

According to the statistics presented, it can be stated, through the model obtained, that the 

factors ‘Stakeholder engagement’ and ‘corporate and operational control’ explain a variation of 

43.1% of the Business Performance Index (R² = 0.431). According to Hair et al. (2006), the 

value of R² exceeds the minimum required to consider the ratio statistically significant, with a 

power of 0.80 and level of significance level of 0.05. The factors ‘Risk assessment’ and ‘supply 

chain’, did not reach significant levels and, therefore, are not part of the model of analysis.  

Note the set of assumptions of the regression analysis that grant validity to the model. 

The significance of the ANOVA F-test (17.783 – p-value< 0.001) suggests the rejection of the 

null hypothesis and that the regression coefficients are zero. The value of VIF (VIF=1.000) and 

the tolerance strongly indicate the absence of multicollinearity in the model. The Durbin-Watson 

test (1.764) indicates that the hypothesis of independence of errors is met, showing that there is 
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no autocorrelation, according to Pestana and Gageiro (2003). It is also worth noting that it is not 

possible to reject the hypothesis of homoscedasticity of residuals, granting validity to the model. 

Finally, we address the hypothesis of normality of the residuals, which is tested by means of 

Kolmogorov-Smirnov and Shapiro-Wilk tests. Both tests allow the acceptance of the hypothesis 

that the residuals follow a normal distribution. Thus, the regression model meets the assumption 

of normality (Pestana and Gageiro, 2003). 

To meet all the assumptions of the multiple regression model presented, it can be stated 

that the model is valid. Therefore, it is concluded that the factors ‘Stakeholder engagement’ and 

‘Corporate and operational control’, related to the management of water use, are the main 

elements that impact the business performance of the industries analyzed. These factors together 

explain a variation of 43% of the business performance index.   

The model of multiple regression analysis suggests the importance of the factors 

‘Stakeholder engagement’ and ‘Corporate and operational control’ for the management of water 

use, positively impacting the business performance in the companies analyzed.  

It can be seen that the dimension associated with ‘stakeholder engagement’ is among 

those that reported the lowest rates in the descriptive analysis. Given its high impact on business 

performance, it shows the importance of investing in aspects related to the integration of the 

company with stakeholders, thus corroborating previous studies (CERES, 2010; HILSON e 

MURCK, 2000; ANA and IBRAM, 2006). Therefore, the investment in stakeholder engagement 

is an opportunity for performance gains for mining companies.  

It is evident also that controlling the amount of water used by the company is equally 

important on the impact on business performance. The quantitative management of this resource, 

from the corporate and operational standpoint, has a positive impact on performance, which 

corroborates Lambooy (2011). 

Thus, the results of the regression model, which point to the relationship between two 

factors associated with the management of water use, indicate the relationship existing between 

the management of water use and business performance in the industries surveyed and confirm 

hypothesis H1 of this study. 

 

Final considerations 
 

The mining industry activity is essential in the economic and social context, to the extent that it 

is considered a basic industry for several supply chains; it has a strong share in the production of 

wealth and is considered a significant source of job creation. However, there are several potential 

impacts caused by this activity, from the environmental and social perspective. Related to water 

use, in particular, such impacts are mainly associated with the amount used and the interferences 

from the qualitative standpoint. It is known, however, that water is a strategic resource for 

mining. Given this context, the purpose of this study was to identify the relationship between the 

management of water use and the business performance in industries in the Brazilian mining 

sector.  

Based on the factors extracted in the exploratory factor analysis, we found the impact of 

the management of water use in business performance through the multiple regression analysis. 

The results of this technique allowed us to state that the factors associated with ‘stakeholder 

engagement’ and ‘corporate and operational control’ significantly impact the business 

performance index of the industries surveyed. Thus, it was possible to confirm the hypothesis of 

this study - H1: The management of water use impacts the business performance of industries in 

the Brazilian mining sector. 
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Finally, we conclude that the objectives proposed have been achieved, as we have 

verified the relationship between the management of water use and the business performance in 

the industries surveyed. Note, however, the limitations of this study. For being a non-

probabilistic sample, given the magnitude of the Brazilian mining sector, the results achieved 

cannot be inferred for other Brazilian mining industries. Therefore, as a suggestion for future 

studies is the in-depth analysis of the relationships verified on a broader set of companies in the 

sector. Furthermore, we also suggest that the results may be compared with companies in the 

mining sector in other countries. 

Finally, we highlight the contributions of this study to the academic progress of the social 

and environmental management. The results and reflections presented allow the discussion of the 

aspects related to water use and their relationship with business performance, from the 

perspective of the companies’ management. Through a holistic and integrated perception of the 

aspects related to water use, we could note that its effects contribute to the increase of business 

performance. These contributions are not limited to the mining sector, which strongly depends 

on the availability of water and has potential environmental impacts on water bodies, but they 

may bring insights to other sectors where this resource is essential, seeking a more sustainable 

industrial activity, in economic, social and environmental terms.  
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