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Abstract

:

A new quantitative index to analyse the corporate social responsibility (CSR) level of mine sites was developed, providing an easy and friendly tool to analyse and apply a continuous improvement approach to CSR levels, being able to involve all the potential stakeholders. The index can be used in any type of project and stage: prospecting and exploration, development, mining, processing, closure and rehabilitation. The system consists of two dimensions, environment and socio-economic, formed by 30 elements that analyse potential positive and negative impacts. Moreover, it can be adapted to the specific characteristics of any mining activity, including new elements if necessary. The system proposed can help to improve the positive implications of the mining industry, as well as improving transparency or stakeholder engagement and returns of the mining activity.
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1. Introduction


Mining activities usually face physical, social and environmental challenging conditions due to orebody locations that cannot be chosen [1]. Their historical poor management, at least in part, adds a more problematic stating point, because of the lack of trust and credibility from the stakeholders [2,3]. Hence, it is absolutely crucial to approach the stakeholders, especially local and regional communities, in the correct cultural way and at the right time [4,5]. Despite the complexity of involving society in the development of a mining project [6], it can enrich the outcomes if it is properly handled [7]. The social licence to operate is embedded in the corporate social responsibility (CSR) framework and it describes the conceptualization of the way the company interacts with local communities and societies and its acceptance or approval [8], being intangible and not granted by the authorities [9].



On that interaction, CSR presents a holistic approach, linking the economic, social, and environmental dimensions with the company governance [10]. On the other hand, there is an intense debate on its usage and effectiveness [11,12,13], depending on each particular context [14]. Moreover, there is an increasing trend towards sustainable investment, such as the international network Principles for Responsible Investment (PRI) supported by the United Nations, as well as financial access [15]. Hence, the capital allocation requires effective and quantitative tools to improve the CSR quality of each mine site and, thus, strengthen the portfolio of the mining firms in the clear shift towards sustainability. In this regard, the value chains should also be reevaluated, with the idea of reducing the carbon footprint and creating new alliances and circular business models [16]. Research focused on CSR is an important topic in most of the economic sectors [17,18,19,20]. Some of them focused on the systems to analyse the stakeholders’ perception on CSR, finding common dimensions such as economic, ethical, philanthropic, legal, environmental and social dimensions [21].



In this regard, CSR dimensions have been approached by many initiatives, such as the global reporting initiative (GRI) or the ISO 26000 [22]. There are also specific organizations focused on the mining sector, such as the responsible mining foundation (RMF), the initiative for responsible mining assurance (IRMA) or the international council on mining and metals (ICMM). However, most of them only give global information of each firm, while some others are focused on some specific parts of what should be included in a full CSR analysis. Moreover, most standards do not allow to obtain a quantitative value, which would be crucial for mining projects in order to determine which measures or modifications can add more value to a project, as well as focus on the most attractive projects from a global perspective.



Most of the organizations and standards defined include the most relevant elements related to governance, socio-economic and environmental spectra. However, always from a qualitative point of view. Additional initiatives try to transform the vision of the sector, such as the EU principles for sustainable raw materials supply [23]. Other specific actions have also been developed in the recent years, such as the Artic environmental responsibility index (AERI), focused on extractive industry companies in the Artic area and based on a survey among experts [24].



The usage of rankings, indicators and indexes can help to reduce poor practices and increase better governance, transparency, social and environmental conditions of the companies [25,26,27,28]. These elements can also have an influence on capital access [29,30], despite their real effectivity having been questioned due to the large quantity of different specific index and indicators [31,32]. Hence, it would be necessary a simple index that included all the technical characteristics involved in a mine and, at the same time, social and environmental issues, with the idea of achieving the best potential mining projects to work with.



The manuscript is not focused on the overall number of affected stakeholders, or its identification, but on the main technical, social and economic features of mine sites. Achieving an overall analysis that can be adapted to any context. The scope of the index proposed include the key stages of mining: prospecting and exploration; development; mining; processing; closure and rehabilitation.




2. Methods


2.1. Indicators Obtaining


The main standards and approaches to assess CSR have been analyzed, either for the mining sector or general industry, with the aim to extract the most relevant elements, or variables, and create an approach to quantify them for each mine site project.



Regarding the mine site, it is necessary to give a global context, including the situation of the mine with regard to life of the mine, expansion projects, exploration project, increase production projects, number of employees, etc. Moreover, it is necessary, and crucial, to have a community engagement tool, easy to use by all the stakeholders, transparent and effective.



The assessment of all the organizations mentioned in the introduction section has been used to define the elements used in the index proposed.



Responsible mining foundation (RMF): It has a system to evaluate companies and mine sites by means of the responsible mining index (RMI). The company analysis includes 44 topics grouped into six thematic areas: (1) economic development, (2) business conduct, (3) lifecycle management, (4) community wellbeing, (5) working conditions and (6) environmental responsibility. On the other hand, the mine site assessment is done by 15 indicators: local employment, local procurement, air quality, water quality, water quantity, rehabilitation and postclosure, tailings, safety of communities, community complaints and grievances, safety and health of workers, women workers, workplace deaths and injuries, training of workers, decent living wage, and worker complaints and grievances. The procedure to obtain a rating is giving marks based on only qualitative information from the company or mine site.



International Council on Mining and Metals (ICMM): The ICMM contemplates an extensive number of variables that may have an impact on: (a) environmental issues, such as climate change, nature or water; (b) social performance, including elements such as human rights, indigenous perspective or diversity and inclusion; (c) governance and transparency; and (d) health and safety, tailings and circular economy. However, it is not possible to obtain a global index applicable to a single project.



IRMA standard: The standard developed by the Initiative for Responsible Mining Assurance (IRMA) is focused on mine sites including elements such as health and safety, human rights, community engagement, pollution control, conflict-affected areas, rights of indigenous peoples, transparency and land reclamation once mining. Moreover, it discriminates the different stages of the mine site development, from exploration to development. However, it only uses qualitative analysis for mining projects.



Towards Sustainable Mining (TSM): It is an initiative focused on a mine site reporting system, but it is also based on qualitative analysis. It has a transparent reporting system to analyze sustainability performance annually. Having protocols for: (a) biodiversity conservation management, (b) climate change, (c) crisis management, (d) indigenous and community relationships, (e) prevention of child and forced labor, (f) health and safety, (g) tailings management and (h) water stewardship.



CSR hub: It analyses companies of any economic sector, not only mining, giving a rating based on four categories, with three dimensions by category: (1) community (community development and philanthropy; human rights and supply chain; product), (2) employees (compensation and benefits; diversity and labor rights; training, health and safety), (3) environment (energy and climate change; environment policy and reporting; resource management), (4) governance (board; leadership ethics; transparency and reporting). Although the approach is interesting, it only uses aggregated values to analyze the whole firm, not mine site projects.



Other initiatives: Some regional organizations have developed similar procedures and standards. The minerals council of Australia, based on the ICMM principals, proposes an enduring value framework on responsible resource development regarding elements such as land use, environment, continuous improvement on environment, health and safety, recycling, transparency, etc. Furthermore, Euromines have also made statements in the direction to increase climate, environment, biodiversity protection and social responsibility.



Some other generalist and specific initiatives have been analyzed and included in the index proposed.



	-

	
The initiative called ISEAL alliance defines some standards applicable to any economic activity, considering social, environmental and economic impacts.




	-

	
The global reporting initiative (GRI) gives very detailed information about the general elements to consider in any type of economic activity and also some specific considerations for certain sectors such as coal, oil and gas or agriculture. However, the mining sector is still under development. Moreover, it is not focused on quantitative analysis for mine sites.




	-

	
The ISO 26000 gives a good approach of the main elements to consider, but it does not give any value nor any technical or specific approach.




	-

	
The mining local procurement reporting mechanism (LPRM) is focused on local procurement of goods and services of the mining industry, without giving any rating.




	-

	
The extractive industries transparency initiative (EITI) promotes the correct management of natural resources, strengthening public and corporate governance and accountability by means of defining procedures.




	-

	
Some mining firms have developed similar qualitative tools. For instance, the Anglo-American socio-economic assessment toolbox (SEAT) helps to approach the needs of the communities where the mining operations are planned to be placed, with the idea to improve the socio-economic impact understanding to local and regional communities.







Based on the current standards and tools available, no quantitative information about specific mine site projects is used to obtain a CSR rating. That means that when a company makes a proposal for a new project or a brownfield wants to expand the life of the mine or a production expansion, the current CSR indexes do not allow us to properly analyze a project and, therefore, enrich the project involving all the stakeholders in a rational perspective. Thus, Figure 1 gathers the two dimensions and 30 elements considered, based in the current standards, index and procedures.



Overall, there are 20 positive elements and 10 negative elements. This means the elements can add or subtract value to the CSR assessment of a mine site.




2.2. Rating Definition


Each project has its own intrinsic conditions, such as orebody characteristics, surface environmental and socio-economic conditions, etc. Hence, some of the elements to evaluate the CSR of the project, defined in Section 3, could be irrelevant to consider, while some additional features could be required in a certain mine site. The following procedure should be applied to use the index proposed:




	
Definition of the relevant elements, including all the stakeholders in the process. New elements can be added if necessary.



	
Establish a scale, preferably transformed to a 100-point scale. Figure 2 shows a tentative scale based on five categories. This scale should be used only for an overall analysis or a dimension analysis.



	
Analyze each element included, giving a score for each of them based on the definition completed in Section 3. Each element is defined as a Likert 1–5 scale, evaluating the specific CSR performance.









2.3. Scope of the Index


As previously mentioned, the index proposed is mainly focused on technical features related to the socio-economic and environmental dimensions that can be found in any mining stage. Other relevant elements, included by the standards and organizations, analysed in Section 2.1, such as health and safety, complaint and grievance communication procedures, child labour, conservation of World Heritage elements, spiritual or cultural resources, demographic changes, availability of natural resources, etc., are not included in the index, since they are basic and compulsory elements that must be complied to even being considered as a viable project. General factors such as legal or political dimensions are not considered either.





3. Index Proposal


All elements comprising the index are described and sorted in the two dimensions already mentioned: socio-economic and environment dimensions, with 11 and 19 elements, respectively.



3.1. Socio-Economic Dimension


The mining activity can be beneficial for the development of areas with low population density [33]. Engagement with local and regional communities is crucial for the successful development of the project [34,35]. Moreover, the basic standards must be complied, such as a worker’s and human rights program [36] or a program for the integration and respect of indigenous peoples [5], among other elements mentioned in Section 2. In this regard, initiatives such as the EITI approach can help increasing transparency on contracts and mineral reserves, among other important elements. This is particularly important in areas with high levels of violence or conflicts [37].



The mining firm must stablish an engagement procedure with the communities affected by the project, being necessary to assess the outcomes. Considering the employment and workforce composition in number, gender and nationality. Additionally, differentiating direct employees vs. contract workers and local/regional employees. Hence, social-economic performance should be integrated into the operational management practices and actions taken, with the idea of maximizing the value of the mine project.



3.1.1. Local Procurement


Local procurement is an essential part of the community engagement. It is absolutely necessary to have local partnerships for services and supplies, whenever possible, with policies well-stablished to boost the local economy. Moreover, it can help the mine to secure the supply chain of the elements required by the correct operation of the mine [38]. In this regard, it would be positive to have integrated the local supplier in all the sections/departments of the mine, which, at the same time, would help to diversify the local/regional economy [39]. It has been considered a relative value based on the total expenditures (Table 1). However, it is necessary to have a procedure to analyse and verify the providers and contractors by means of an equitable and transparent system, such as the EITI approach, as well as provide training and information to improve their service and skills. In the case that local suppliers are not available, due to none or scarce population, it can be considered regional or even national, focusing on the closest communities when possible.



The use of large local providers can be a source of self-economical development of the region and employment diversification, being able to self-impulse innovation and research, especially when the company has a medium or large size [40]. Following the European Commission recommendations, a large contractor is considered from a EUR 50 M turnover and more than 250 employees. Thus, it is considered a relative value based on the size of the local providers (Table 2), with an optimal mix range of large and small providers of 40% to 60%.



Moreover, it would necessary a program to develop the local providers when there is a small percentage of its usage, <20%, especially for small and mid-size providers or there is a shortage of them. It is also necessary to verify that contractors and suppliers have programs regarding minorities and people at risk of exclusion, supporting freedom of association and excluding child, forced or compulsory labour. The information regarding local, regional and national procurement should be disclosed, helping them in the tender process at the beginning. Following procedures stablished such as the one from RMF.




3.1.2. Local Expenditure


Local expenditure includes the proportion of the mine operational expenditures (Opex), Table 3, considering direct and indirect employment, supply of services and goods. Although the local area should be prioritized, it can be impossible in some cases due to inhabited regions and, therefore, the regional and national spectrum should also be considered as positive in many cases; whereas, in certain cases, it is inevitable to use international human and material resources.



It is considered as local when the distance from where the resources are provided is less than 20 km from the mine site, regional for a distance between 20 and 200 km, national between 200 and 1000 km and international for more than 1000 km. Despite this, it could be the case that the resource was still national and further than 1000 km; it has been considered that the resource would have little economic impact greater than this distance [41,42]. If it was considered necessary, the transition between national and international could be modified.



As it could be the case that there are no local or regional possibilities, the national level could also be positive, Table 4, up to a certain extent.



Minorities, indigenous, disadvantaged groups and gender equality should be boosted, especially when the percentage used is very small. The type of employment is a key factor for the development of the local and regional communities (Table 5).



The unskilled positions can be easily obtained. However, middle management, skilled works and senior positions and professionals are more difficult to get in the local communities. Hence, it is better to consider the national framework, despite local and regional employees who would be advisable to have whenever possible.



The rest of the employees that are not local, regional or national would be considered as expatriates. No differences in the salary should be established, for the same type of activity, between locals/indigenous and other staff. Boosting the integration of local and regional people to all the levels of the organization. Despite this being a relevant element to consider, it can be very difficult to achieve and vary in each particular case.



In addition, programs to reduce the salary disparity between mine workers and non-mine workers should be implemented, stablishing programs to enhance positive economic impacts for local communities (employment, procurement and training opportunities).




3.1.3. Permanent Infrastructures


The creation of the mine can provide better infrastructures to the local, regional and national level, such as energy supply, roads, railway, harbour facilities, schools, airport, etc. [34,43]. On the other hand, the mining activity could deteriorate the existing infrastructures in any stage of the mining activity, if it is not planned well, even after the closure. The five levels are considered as positive elements, Table 6, but all of them should also be analysed as a potential negative effect if the project is not managed properly [44]. The infrastructures related to water supply are included in other points.



In order to define the level of improvement or deterioration, the specific stakeholders must be included in the decision-making process. One example could be the road project in the Ring of Fire, Canada, where the communities are co-leading the project to have access to a potential mining region. Moreover, it is important that these infrastructures help to sustain the communities without the existence of the mining activity in the future [34].




3.1.4. Value Chain Creation


The creation of a mine opens the possibility, not only to create value with the mine, but also other subsequent industry related to the raw material itself. The basic part of the value chain is the extraction and mineral processing, obtaining a mineral concentrate that can be sold or shipped to another country. However, additional parts of the process can also be included in the project to add more value to the saleable product (Table 7), such as the whole metallurgic process [45].



This fact is crucial to boost the benefits of any mine site in terms of quality job creation. An additional added value would be the involvement of national technical schools and universities to develop new curriculum and research that could benefit the raw material extraction. In this regard, the expenditure in national universities regarding research and development projects related to the mine site can be analysed, as well as specialized training for the mine staff (Table 8).



The value chain improvement must also be completed including the different stakeholders, in order to be adequate and sustainable in the long term. Some examples could be business training for entrepreneurs, mentoring suppliers and contractors, financing access or advising in external projects and enterprises [46].




3.1.5. Economic Environment Disturbances


The creation of a mine can also have bad socioeconomic consequences due to land occupation and degradation, etc. Usually, it has an impact on agriculture, farming, fishing or tourism, as well as ancient/indigenous lifestyle, requiring even relocations in some cases [34,38,47]. These potential impacts should be compensated by the mining company, but it could have intangible value for the inhabitants [4,48]. This impact can be substantially reduced depending on the type of mining extraction method. It has been considered a negative impact of at least minus two, Table 9, due to its relevance when present.



In the case it does not have any relevant negative impact, this variable should have a value of 0 points. This analysis should be completed for existing communities previous to the mining project.




3.1.6. Additional Involvement


Ideally, the mine project should consider more than just direct/indirect job opportunities or business linked to the mining activity, such as company shares, project equity, business skills training, staff volunteerism, etc., especially for the indigenous and local communities. Moreover, the mining activity is finite, being important to propose a post-extraction value to the local and regional area [47]. Some possible additional elements are listed below.



	-

	
Mine project equity




	-

	
Company shares




	-

	
Environmental control participation




	-

	
Involvement of indigenous/local communities and specialized NGO as part of the team in the development of the project




	-

	
Assistance to preserve traditions and cultural heritage of the region. It can be an additional source of independent incomes for the region during the mining activity and afterwards




	-

	
Render assistance in case of natural disaster




	-

	
Volunteerism staff hours







In this regard, Table 10 gathers the number of items included in the project to evaluate this variable.



The type of additional involvement should be based on the communities and mine site characteristics. Despite charitable giving or donations of goods could also be included within this element, it is considered as more beneficious for the local and regional communities to provide self-sustainable elements [49,50,51].




3.1.7. Closure—Final Conditions


Reclaiming should be done using an integrated approach whenever possible [52,53]. It is necessary to have a closure management plan for design closure and control, with a financial provision considering the environmental and social aspects. Moreover, the firm should disclosure the closure and rehabilitation plan following the indications of organizations such as the RMF (Table 11). The restored area could be used to create added value, such as green energy provider, recycling centre, new or better crops, touristic place, etc. In this case, the long term must be evaluated, as well as the adequacy with the surrounding social, environmental and economic context [54,55].



The adequate conditions should be maintained in the long term. Non-operating mines should be closed in the absence of a justified project that contemplates all the potential impacts. Otherwise, it could add important impacts to water and land, while illegal mining may also proliferate. Soil quality must also be kept at similar conditions as the previous mining stage, once the area affected by the mining activity is finished and restored [56].



In addition, actions to former mining employees due to the closure of the mine should be included in this element, considering reskilling programs, adequate planning for economic revitalization, social protection, labour transition, relocation assistance programs, etc. [54,55,57]. The plans and programmes must consider the goals of the communities affected.





3.2. Environment


A proper management of the environmental impacts generated by the mine site can create substantial benefits for the whole society, the environment and the company from short to long term [52,54], each time becoming more relevant as technology evolves.



Most of the indicators mentioned in Section 2.1 include an environmental aspect such as water, waste generation or energy consumption. The involvement of the stakeholders and organizations such as NGO’s is crucial to improve, as much as possible, the environmental conditions of a mining project. Moreover, the company should publicly disclose the assessments of its environmental impacts and biodiversity conditions, with the corresponding regular updates, discussing it with the stakeholders.



In this regard, one of the most common elements is the mine waste management, which should be focused on ensuring the stability and effectiveness of the associated infrastructures in the long term, either waste storage or tailing facilities, considering the global best practices. Some studies indicate how tailings and waste generated should be characterised for future usage and raw materials extraction [58,59]. Moreover, the impact analysis on water, soil and air is fundamental in a mine project [60].



3.2.1. Energy


The usage of green energy and the achievement of an energy-efficient system are key issues in the sector [61,62,63]. Moreover, it helps to reduce the greenhouse gases (GHG) of the project, especially in a sector considered a major emitter [64].



The best available techniques should be used to reduce the energy consumption (Table 12). As the energy intensity depends on many different intrinsic characteristics of the mineral deposit, it is not considered the total value but the relative energy consumption. In this regard, it is analysed if these best available techniques are applied in each stage of the mining activity.



A continuous improvement system should be included to reduce GHG, as much as possible, in the mining activity (Table 13). The usage of green energy sources can be a substantial improvement and it is an adequate alternative to also provide energy to the communities in the long term [65,66].



Aside from the generation source of energy, the usage of electrical equipment or hydrogen powered [67] also substantially reduce the GHG. Therefore, a similar analysis should be completed by the energy used in the equipment, as long as it comes from a green source (Table 14).




3.2.2. Tailings


The process of ore crushing usually generates a liquid slurry composed of fine particles and water, known as tailings. The global industry standard on tailings management must be followed in order to ensure its safety along its life.



There is a critical connection between social performance and safe tailings management [68,69], affecting the three ESG pillars: environmental, social and governance. More attention should be taken to the social, environmental and local economic context, considering vulnerability in the analysis of the mine site [70]. Thus, the implementation of new technologies can help to reduce or even eliminate the risk [71,72,73].



The approach commonly used about the conditions of the tailing’s storage, only during the operational time, leads to higher life-cycle costs and increase the risks [74]. Not only the low operational cost of slurry should be considered, but also its closure and maintenance costs. Moreover, there are not much successful rehabilitated tailings.



The idea should be towards zero tailings, valorising and re-processing them to become a product. Tailings are considered as a potential source of mineral recovery in the future due to technological improvements and increase in the price of the mineral resources [73,75,76,77]. Hence, it is important to analyse the tailing characteristics in order to know if they are going to be considered as waste, that have to be monitored, or if it is reasonably possible that its bulk is going to be reduced, lowering the environmental impact, in the mid and long term and, at the same time, increasing the life of the mine and the economy of the area [78,79]. The feasibility of extracting minerals from tailings are analysed as a new mine, considering the cut off to be recovered. Linked to its safety, there is the water recovery [72], which could reduce the environmental impact of tailings disposal.



The recovery cut-off is crucial in order to know if it is feasible to recover the tailings, technically and economically. The classification applied in Table 15 considers them as sub-economical resources, if the ore concentration requires a price 10 times higher or there are no techniques available, it cannot be considered. These elements can be reassessed along the life of the mine as technology and demand evolves.



On the other hand, the usage of tailings as a source of construction materials, such as sand [80] or ceramics [78], has widely been studied. In this case, its usage will depend much on the distance to its usage, while they can also be used as backfill [76]. It has been considered that 50% of the total volume is used as an optimal reuse proportion (Table 16).



Tailings can have large quantities of water content. Aside from the intrinsic risk of that type of tailings, it is also an inefficiency of the water usage, especially in areas where water availability is scarce (Table 17). Moreover, there is technology available to reduce its content in the tailings [72].




3.2.3. Waste Management


Waste generation is directly related to the mining extraction system, varying from different surface mining conditions to underground mining. The waste ratio can be directly linked to the mining method used [81]. The correct waste disposal from mining is necessary from a safety point of view and to be able to recover it in the future [82], whether it is caused by an ore price increase, a technological improvement or finding new uses to waste. Moreover, its adequate management helps to prevent air, soil and water contamination. The best available techniques regarding mineral extraction and processing also allow us to reduce the waste generation. For instance, the usage of technologies such as ore sorting in underground facilities can help in some mining methods [83].



Nassar et al. [84] propose a rock-to-metal ratio based on the quantity of ore and waste rock mined to produce a unit of mineral commodity. This approach can be very interesting because it is based on the evolution of extraction characteristics of each commodity, including surface and underground mining. In the case of extracting more than one commodity, it is recommended to be focused on the main ones or the equivalent grade for polymetallic deposits [84]. Mudd [85] also gathers interesting data regarding the ratio waste/ore in case studies from Australia, whereas De la Vergne [86] mentions specific ratios for surface and underground mining, considering that open pits usually generate 2 to 5 tons of waste rock per ton of ore mined and about 0.25 tons of waste rock for an underground mine. Overall, the analysis should be done based on a verified and reliable source, analysing two possible scenarios: one with a lower ratio of waste (Table 18), compared to the mean value, and another one with a higher ratio, with an associated negative impact (Table 19).



The reusage of mining waste as construction material (concrete aggregate, granular base, embarkment or fill), paint extenders, fertilizers, or backfill, among other options [87,88,89,90], is also important to reduce it as much as possible (Table 20).




3.2.4. Water Management


The intensity of water usage in the mining sector is quite high, being one of the major consumers of water [91]. The water management of a mine requires the approval of the competent agency and the usage of the best available techniques, trying to reduce the water input used and a correct balance between surface and ground water.



Issues such as potential flooding, contamination, water management after closure should also been considered in the water management plan and it is mandatory to manage these risks properly. Aquifer overexploitation must also be analysed and avoided, as well as post-closure water management, if required. The leachates from waste and tailings must be managed to avoid surface and underground water contamination. Overall, the adequate infrastructure to manage the water impact must be provided, especially to local and regional communities [92].



PH variations due to extraction and processing operations can affect the quality of the water, either filtrations to groundwater reservoirs and to the hydrographic network. Particles concentration in the water volume must also remain in similar conditions upstream and downstream of the mining facilities, as well as salinity levels, heavy metals or any other contaminant. The comparison with previous natural conditions is very important, since each site can have important concentrations of some metals and Ph variations. The comparison with the upstream conditions is crucial, since it can have abnormal natural values due to the mineralization of the area [93,94]. In this regard, the following points consider a negative impact any variation compared to the upstream (Table 21).



As previously mentioned, the mining activity requires large amounts of industrial water and, sometimes, the mine site is placed in arid areas, being necessary to create desalination plants or obtain water from other sources. The creation of this new infrastructure can also allow us to improve the hydrographic network of the area, if planned properly [92]. In this regard, the reuse of water, grey water, is absolutely necessary to reduce the impact of the mining activity (Table 22).



In addition, the minimum ecological river flow must be kept [95]. However, variations above this level also have an impact that should be considered. In this regard, Table 23 sets out an analysis considering as minimum the ecological river flow, with positive connotations.



Water quality control should be done in collaboration with the affected stakeholders, defining the actions required to improve the quality, when needed.




3.2.5. Air Quality


It would be necessary a disclosure program regarding the emissions generated by the mine, the control program and the actions taken to reduce its values [96], including all the stakeholders affected, when necessary. The threshold limit values must be based on the international standards and the national regulations. The impact analysis should be completed based on a published reference, considered as maximum or recommended value, and the natural conditions before the mining activity (PM10, PM2.5, TSP, NO2, SO2, CO2, dioxins, heavy metals, etc.), as gathered in Table 24.




3.2.6. Landform Changes


Its change, with respect to the natural shape, should be considered as a visual impact and also as a relevant impact to the biodiversity, the ecosystem and the socioeconomical way of living [97]. Hence, it is considered a negative impact. This modification can be caused by the construction of buildings, infrastructures, waste disposals, tailings, etc. (Table 25).




3.2.7. Biodiversity and Ecosystems


Management plan to avoid/reduce/restore and/or compensate the impacts of mining activities is required (standardized, auditable and approved by the competent administration). There are some protocols for biodiversity conservation, such as the one from towards sustainable mining (TSM) developed in Canada. Providing an indicator of the biodiversity conservation management, despite it not being a guarantee of the effectiveness of biodiversity and it does not give a numeric value or specific elements to assess if it is completed properly or not, or the value added or missed in the mine site studied.



The indicator proposed in Table 26 is based on the fact that no net loss would be the best-case scenario. From that point, it should be considered a negative score as the mining project degrades the biodiversity.



Special care must be taken if the mining operation affects areas with some degree of protection. The indicator should also consider the land clearance for pits, access routes, and expansion into new areas, the potential habitat fragmentation from access roads and other linear infrastructure required by the mining activity, as well as the possible disruption of surface water, wetland, and groundwater ecosystems [98,99]. The concentration of mining activities in a particular area can also have an important influence on the biodiversity and the whole ecosystem, fragmenting the habitat of animal species and, therefore, flora [100].




3.2.8. Subsidence


Subsidence can generate an important impact, especially in some underground extraction methods [81]. Hence, it is necessary to determine if the surface displacements can have an impact on infrastructures, buildings, groundwater, etc. Its acceptable value will depend on that [101,102]. In this case, it will only have a negative effect (−5) if it is incompatible with the surface anthropic or biotic conditions. Subsidence can be reduced using backfill in some cases, modifying the mining method or the mine design, among other options [81]. On the other hand, surface mining can also have an impact on subsidence due to groundwater or slope failure, as well as incorrect closure techniques.




3.2.9. Positive Environmental Effects


Sometimes, the creation of the mine can generate a positive environmental effect in the long term, Table 27, improving the quality of the land or water, faunistic ecosystems improvements, large-scale reforestation, etc. [98].




3.2.10. Environmental Liabilities


The project can have long term, or almost permanent, environmental liabilities such as tailings [103,104]. In this regard, they should be considered based on the extension of the land affected by these liabilities (Table 28).



Regarding the potential impact on the environment and communities of these liabilities, the elements stated in Table 29 should also be considered.




3.2.11. Other Elements


Each mine project and the characteristics of the area where it is going to be developed are different. Factors such as noise level increasing, substantial traffic increase, local price inflation, among other potential issues, are also elements that could also be considered if needed, adding as much elements as necessary.






4. Discussion


The index can be used as an overall value or analysing each dimension separately, socio-economic and environmental, as well as element by element if considered necessary. The index allows us to engage with the different stakeholders in a quantitative and iterative approach, promoting a continuous improvement in the CSR levels of the mining sites and, therefore, the whole mining industry. Additional elements can be defined if necessary, being an adaptable tool to cover any specific characteristic. The analysis can be completed for a new project, greenfield, or an ongoing operation, brownfield.



Overall, it is a first global approach to quantify CSR in mine sites, with the idea of complementing the current qualitative analysis tools and more general approaches used to analyze companies. However, the presence of so many different standards, indexes and tools to assess mining firms can create confusion [105]. It would be advisable to merge them into a single system internationally recognized.



The important implications of mineral resources to the economy makes almost everyone a stakeholder, with different degrees of awareness and direct interaction with the mining activity itself. This fact should be considered, in detail, in the analysis of any mining project and in the usage of the index proposed. This approach can help the industry to improve transparency and, therefore, change society’s behaviour towards the mining sector. Showing the way forward in the definition of a common CSR mine site index.



Moreover, the index can help to prioritize the impacts or features more critical regarding: license to operate, direct impact to the financial benefits, improve the company perception, improve the relationship with the communities, damage corporate reputation and decrease/increase the shareholders returns. Most of the impacts mentioned can be positive or negative. The index can also be a tool for the industry to change its investment portfolio, shifting towards the extraction of mineral resources with a lower CO2 impact. As well as helping other firms involved in mining, not strictly focused on extracting ore, to improve the CSR level, such as the suppliers of goods and services, equipment operators or technological providers. The system proposed could also be adapted to sectors such as civil work or construction.



Some of the CSR elements included in the index deepens the idea of shifting the classical mining activity towards a raw materials provider industry. It is considered a very relevant concept, since it extends the value chain and reduces the temporal perception of the current mining industry. In addition, there are some elements considered in the index that helps to create more value once the mine is closed. For instance, the large amount of energy requested during the operation phase could be used to create an energy provider hub, either green or conventional. However, the knowledge acquired by the employees working in the processing plant could be used to build a recycling center, for instance, which could be implemented while the mining activity is working, as an alternative source of incomes, as well as an ongoing transitional plan. An interesting thought about the elements that make up the index is the greater chance of return and positive CSR performance when the mine site is located close to populated areas than in uninhabited locations.



Regarding the element quantification in the index proposed. Some points are considered as semiquantitative, such as biodiversity or positive environmental effects, since their impacts vary depending on the stakeholder’s vision, being necessary to achieve a common point of view, instead of a fixed numerical value, between the parties involved. In this regard, the applicability of the system proposed, and any addition or modification must be completed by means of a transparent procedure and fully disclosed.



Future Works


Governance is not analyzed in the index proposed, further research could be focused on its inclusion. There are important governance elements such as best practices related to the board of the firm, how the relationship is with the stakeholders, the integration of environmental and social aspect in the strategy of the company, transparency and reporting or communication procedure with the different stakeholders and feedback with them. However, governance should be considered as a dimension that embraces the other two, social and environmental dimensions.



Additional research could also be focused on analysing potential weights of each element or dimension. A weight for specific elements extracted from the mine site could also be interesting to consider, since they can represent strategic raw materials for certain areas of the world such as UE, USA or any other region, as well as considering the UN Sustainable Development Goals (SDGs). The system could also be adapted to quarrying, simplifying the index detailed for small- and medium-scale mining.



Significant indirect economic impacts regarding changes in the local economic composition such as employment induced by the mining activity (public services, employment generated in the region by community social investment, local business development, etc.) should also be deeply studied.



On the other hand, the presence of small-scale mining and artisanal mining is common in the surroundings of large mining activities in some countries. It would also be important to define tools to set a collaboration with them.





5. Conclusions


A new quantitative index has been proposed to analyse the corporate social responsibility (CSR) performance at the mine site level, focused on the socio-economic and environmental dimensions from a technical point of view by means of 30 analysis elements. The approach proposed can be a very useful tool to engage the stakeholders and increase the value of a mining project. Moreover, it is a flexible system that is easy to adapt to any specific mine site characteristics.



Regarding the structure of the index proposed, it has been found that it is always better to use a relative analysis instead of aggregate values, since each mining project can be different and, at the same time, dependents of the geological characteristics (depth, ore body shape and size, ore grade, etc.). The applicability of the index proposed, the selection of the elements and assessment, requires a transparent procedure and fully disclosed; otherwise, there is a risk of losing confidence in the proposed system.
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Figure 1. Structure of the CSR index proposed and elements included. 
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Figure 2. CSR scale analysis for mine sites. 
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Table 1. Local suppliers used in the mine site.






Table 1. Local suppliers used in the mine site.





	Rating
	Description





	1
	Less than 20% of the sections/departments



	2
	20% to 40% of the sections/departments



	3
	40% to 60% of the sections/departments



	4
	60% to 80% of the sections/departments



	5
	More than 80% of the sections/departments
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Table 2. Large local contractors or suppliers used by the mine site.






Table 2. Large local contractors or suppliers used by the mine site.





	Rating
	Description





	1
	In less than 20% of the sections/departments



	2
	Between 20% and 40% of the sections/departments



	3
	More than 80% of the sections/departments



	4
	Between 60% and 80% of the sections/departments



	5
	Between 40% and 60% of the sections/departments
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Table 3. Local and regional expenditure.






Table 3. Local and regional expenditure.





	Rating
	Description





	1
	10% to 20% of the mine site



	2
	20% to 40% of the mine site



	3
	40% to 60% of the mine site



	4
	60% to 80% of the mine site



	5
	Higher than 80% of the mine site
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Table 4. National expenditure.






Table 4. National expenditure.





	Rating
	Description





	1
	Between 20% and 40% of the mine site



	2
	Between 40% and 60% of the mine site



	3
	More than 60% of the mine site



	4
	N/D



	5
	N/D
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Table 5. Employment quality.






Table 5. Employment quality.





	Rating
	Description





	1
	Less than 20% of the intermediary staff and technical and senior positions are local, regional or national



	2
	Between 20% and 40% of the intermediary staff and technical and senior positions are local, regional or national



	3
	Between 40% and 60% of the intermediary staff and technical and senior positions are local, regional or national



	4
	Between 60% and 80% of the intermediary staff and technical and senior positions are local, regional or national



	5
	More than 80% of the intermediary staff and technical and senior positions are local, regional or national
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Table 6. Infrastructure creation.






Table 6. Infrastructure creation.





	Rating
	Description





	1
	Non-improvement or difference with respect to the previous mine site construction or expansion. No deterioration either



	2
	Slight improvement in the current infrastructure in any level (local, regional or national). Such as the creation of schools, hospitals, improvement of the current roads or railway



	3
	Improvements in the infrastructure system or creation of new infrastructures (with a positive impact on any level local, regional or national), useful to boost the economy



	4
	Important improvements or new infrastructures that have a positive impact in more than one level (local, regional or national), boosting the economy and creating emerging economic changes



	5
	Crucial improvements or new infrastructures that have a positive impact in all the levels (local, regional or national), that can also modify and boost the economy in the long term
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Table 7. Product value chain.






Table 7. Product value chain.





	Rating
	Description





	1
	Obtaining a refined product that requires additional processes, but it has higher added value than the mineral concentrate. Process done in the same region or nation



	2
	Final product sold to another industry as a raw material or with the whole metallurgic process done in the same nation of the mine site, but far from it



	3
	Final product sold to another industry as a raw material or with the whole metallurgic process done in the same nation of the mine site, but far from it. Moreover, the product created is a raw material crucial for the development of the national industry, or supranational organizations such as the EU



	4
	Final product sold to another industry as a raw material or with the whole metallurgic process done in the regional area of the mine site. Moreover, the product created is a raw material crucial for the development of the national industry, or supranational organizations such as the EU



	5
	All the requirements of the previous point are met and, in addition, it is essential for the sustainable development of society
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Table 8. Research and development expenditure.






Table 8. Research and development expenditure.





	Rating
	Description





	1
	Less than 20% of mine expenditure in R&D projects and specialized training in national universities and research centres



	2
	Between 20% and 40% of mine expenditure in R&D projects and specialized training in national universities and research centres



	3
	Between 40% and 60% of mine expenditure in R&D projects and specialized training in national universities and research centres



	4
	Between 60% and 80% of mine expenditure in R&D projects and specialized training in national universities and research centres



	5
	More than 80% of mine expenditure in R&D projects and specialized training in national universities and research centres










[image: Table] 





Table 9. Economic disturbance.






Table 9. Economic disturbance.





	Rating
	Description





	1
	N/D



	2
	Small impact: it partially jeopardizes the socioeconomic way of living during all the mine life, without having an equivalent option aside from the mining activity. Considering that the quantity of families affected is lower than 25% of the local employment created by the mine



	3
	Medium impact: it jeopardizes the socioeconomic way of living during all the mine life, without having an equivalent option aside from the mining activity of less than 25% or it partially jeopardize the socioeconomic way of living during all the mine life between 25–50% of the local employment created by the mine



	4
	Large impact: it jeopardizes the socioeconomic way of living during all the mine life, without having an equivalent way of living aside from the mining activity. Considering that the quantity of families affected is between 25–50% of the local employment created by the mine



	5
	Extremely large impact: it jeopardizes the socioeconomic way of living in the long term, even after the closure, without having an equivalent way of living aside from the mining activity. Considering that the quantity of families affected is, at least, 25% of the local employment created by the mine
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Table 10. Additional involvement.






Table 10. Additional involvement.





	Rating
	Description





	1
	At least one additional element



	2
	Two additional elements



	3
	Three additional elements



	4
	Four additional elements



	5
	Five or more additional elements
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Table 11. Closure process.






Table 11. Closure process.





	Rating
	Description





	1
	Slight added long-term value



	2
	Moderate added long-term value



	3
	High added long-term value



	4
	High added long-term value, with a partial synergy with the specific context



	5
	High added long-term value, with an important synergy with the specific context
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Table 12. Best available techniques used in the power system.






Table 12. Best available techniques used in the power system.





	Rating
	Description





	1
	Only present in up to 20% of the mining operations



	2
	20% to 40% of the mining operations



	3
	40% to 60% of the mining operations



	4
	60% to 80% of the mining operations



	5
	More than 80% of the mining operations










[image: Table] 





Table 13. Green energy sources installed.






Table 13. Green energy sources installed.





	Rating
	Description





	1
	Up to 20% of the mining operations



	2
	20% to 40% of the mining operations



	3
	40% to 60% of the mining operations



	4
	60% to 80% of the mining operations



	5
	More than 80% of the mining operations










[image: Table] 





Table 14. Equipment electric-powered.






Table 14. Equipment electric-powered.





	Rating
	Description





	1
	Green energy used in up to 20% of the fleet



	2
	Green energy used between 20% to 40% of the fleet



	3
	Green energy used between 40% to 60% of the fleet



	4
	Green energy used between 60% to 80% of the fleet



	5
	Green energy used in more than 80% of the fleet
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Table 15. Price increase requirement in the resources from tailings.






Table 15. Price increase requirement in the resources from tailings.





	Rating
	Description





	1
	8–10 times higher



	2
	6–8 times higher



	3
	4–6 times higher



	4
	2–4 times higher



	5
	up to 2 times higher
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Table 16. Tailings used as construction or filling material.






Table 16. Tailings used as construction or filling material.





	Rating
	Description





	1
	Up to 10% of the total volume



	2
	10% to 20% of the total volume



	3
	20% to 35% of the total volume



	4
	35% to 50% of the total volume



	5
	More than 50% of the total volume
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Table 17. Water recovery from tailings.






Table 17. Water recovery from tailings.





	Rating
	Description





	1
	Up to 20% of the total volume used



	2
	20% to 40% of the total volume used



	3
	40% to 60% of the total volume used



	4
	60% to 80% of the total volume used



	5
	More than 80% of the total volume used
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Table 18. Lower waste ratio.






Table 18. Lower waste ratio.





	Rating
	Description





	1
	Reduced up to 20% compared to the mean value of the industry



	2
	Reduced between 20% and 40% compared to the mean value of the industry



	3
	Reduced between 40% and 60% compared to the mean value of the industry



	4
	Reduced between 60% and 80% compared to the mean value of the industry



	5
	Reduced more than 80% compared to the mean value of the industry
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Table 19. Higher waste ratio.






Table 19. Higher waste ratio.





	Rating
	Description





	1
	Increased up to 20% compared to the mean value of the industry



	2
	Increased between 20% and 40% compared to the mean value of the industry



	3
	Increased between 20% and 40% compared to the mean value of the industry



	4
	Increased between 40% and 60% compared to the mean value of the industry



	5
	Increased more than 80% compared to the mean value of the industry
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Table 20. Backfill or waste use.






Table 20. Backfill or waste use.





	Rating
	Description





	1
	Up to 20% of the total amount



	2
	20% to 40% of the total amount



	3
	40% to 60% of the total amount



	4
	60% to 80% of the total amount



	5
	More than 80% of the total amount
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Table 21. Water quality variation.






Table 21. Water quality variation.





	Rating
	Description





	1
	Water characteristics variation lower than 10% with respect to the upstream conditions



	2
	Water characteristics variation between 10% to 20% with respect to the upstream conditions



	3
	Water characteristics variation between 20% to 30% with respect to the upstream conditions



	4
	Water characteristics variation between 20% to 30% with respect to the upstream conditions



	5
	Water characteristics variation higher than 30% with respect to the upstream conditions
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Table 22. Water reuse.






Table 22. Water reuse.





	Rating
	Description





	1
	Up to 20% reuse



	2
	Between 20% and 40%



	3
	Between 40% and 60%



	4
	Between 60% and 80%



	5
	Higher than 80%
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Table 23. Waterflow reduction.






Table 23. Waterflow reduction.





	Rating
	Description





	1
	60 to 100% waterflow reduction between previous conditions and the minimum ecological river flow



	2
	35 to 60% waterflow reduction between previous conditions and the minimum ecological river flow



	3
	20 to 35% waterflow reduction between previous conditions and the minimum ecological river flow



	4
	10 to 20% waterflow reduction between previous conditions and the minimum ecological river flow



	5
	No appreciable/minor variation from the previous waterflow
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Table 24. Emission increase.






Table 24. Emission increase.





	Rating
	Description





	1
	0 to 20% of the difference between previous air quality and the maximum admissible



	2
	20 to 40% of the difference between previous air quality and the maximum admissible



	3
	40 to 60% of the difference between previous air quality and the maximum admissible



	4
	60 to 80% of the difference between previous air quality and the maximum admissible



	5
	Higher than 80% of the difference between previous air quality and the maximum admissible
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Table 25. Landform changes impact.






Table 25. Landform changes impact.





	Rating
	Description





	1
	Small impact: Modifications of the land form, affecting less than 20% of the land used by the mine, recovering it after the mine life time or having an equivalent landform



	2
	Medium impact: Modifications of the land form, affecting between 20% to 40% of the land used by the mine, recovering it after the mine life time or having an equivalent landform



	3
	Important impact: Modifications of the land form, affecting more than 40% of the land used by the mine, recovering it after the mine life time or having an equivalent landform



	4
	Very important impact: Modifications of the land form, affecting more than 60% of the land used by the mine, recovering it after the mine life time or having an equivalent landform



	5
	Extremely important impact: Modifications of the land form, affecting more than 60% of the land used by the mine, without full recovery after the mine life time or having an equivalent landform
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Table 26. Biodiversity and ecosystems degradation.






Table 26. Biodiversity and ecosystems degradation.





	Rating
	Description





	1
	Slight biodiversity loss during the mining activity.



	2
	Moderate biodiversity loss during the mining activity.



	3
	Important biodiversity loss during the mining activity.



	4
	Very important biodiversity loss during the mining activity.



	5
	Extremely important loss of biodiversity, not totally recovered after the mine reclamation process.
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Table 27. Environmental conditions improvement.






Table 27. Environmental conditions improvement.





	Rating
	Description





	1
	Slightly better



	2
	Moderately better



	3
	Better



	4
	Much Better



	5
	Extremely better
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Table 28. Extension of the environmental liabilities.






Table 28. Extension of the environmental liabilities.





	Rating
	Description





	1
	Less than 20% of the area affected during the extraction stage



	2
	Between 20% and 40% of the area affected during the extraction stage



	3
	Between 40% and 60% of the area affected during the extraction stage



	4
	Between 60% and 80% of the area affected during the extraction stage



	5
	More than 80% of the area affected during the extraction stage
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Table 29. Environmental liability impact.






Table 29. Environmental liability impact.





	Rating
	Description





	1
	Small impact. The potential risk does not affect the characteristics of the environment in the long term and can be easily amended



	2
	Medium impact: The potential risk does not affect the characteristics of the environment in the long term, but could require large amounts of money to repair it



	3
	Important impact: The potential risk could affect the characteristics of the environment in the long term and the way of living of the surrounding communities. Moreover, it could require large amounts of money to repair it



	4
	Very important impact: The potential risk could affect the characteristics of the environment in the long term and the way of living of the surrounding communities and at national or international scale. Moreover, it could require large amounts of money to repair it



	5
	Extremely important impact: The potential risk could affect the characteristics of the environment in the long term and the way of living of the surrounding communities and at national or international scale. Moreover, there is a high possibility that it could not be repaired, even with large amounts of money
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