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Sustainable development in the mining industry: towards the development of tools for evaluating
socioeconomic impact in the Canadian context

Abstract
In spite of its economic outputs, the Canadian mining sector has suffered from several setbacks that have
compromised its reputation. This has led many of its stakeholders to adopt a shift towards a new paradigm

focused on sustainable development.

In this review of the literature, we identify the impact that mining activities have had on various social,
economic and environmental issues in Canadian society. We also survey the criteria and indicators included
in various models that may be used to evaluate the adequacy of the transition of mines towards sustainable
development. Finally, the strengths and weaknesses of eight tools that have been applied to the
socioeconomic impact of mines are analysed.

A clear vision of prospects for promoting sustainable development in Canadian mining emerges from this
survey. Our analysis reveals important factors that not given adequate consideration in the models used
currently to evaluate and suggests opportunities to improve these evaluation tools through identification of

more relevant criteria and indicators.

The research undertaken should incite stakeholders to develop social and economic impact evaluation tools

that are better adapted to the Canadian context.
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1. Introduction

The Mining Association of Canada (MAC) began its transition towards sustainable development in the 1980s.
At that time, the MAC was the first association in the world to introduce an environmental policy intended

for the mining industry (Fitzpatrick and al. 2011).

The mining industry began to intensify its metal extraction activities in the aftermath of the Second World
War. This effervescence led to numerous unfortunate events, including breakages of dykes caused by the
technological limitations of the time, forcing the relocation of communities living nearby. Such events raised

consciousness in the Canadian mining industry.

Since 1992, The Whitehorse Mining Initiative Leadership Council Accord has forged a key to the future of
the Canadian mining industry (Government of Canada, 2017). The aim of this initiative begun in 1992 was
to improve the social and economic climate as well as environmental protection in association with mining
activities in Canada. Many regard this initiative as being oriented radically towards sustainable development
(Fitzpatrick and al. 2011). That same year, the United Nations conference on the environment and
development in Rio de Janeiro was instrumental in further focusing public attention on the environmental
impact of industrial activities. During the period of 1998 to 2002, the MAC conducted several studies and
met with the leaders of several communities in order to listen to their expectations with regard to the
socioeconomics and environmental aspects of the mining sector. These initiatives led to the current policy
entitled “Towards sustainable mining” (MAC 2004), the goal of which is to enable the industry to meet the

demand for mining products and energy while applying the principles of sustainable development.

The Quebec mining industry has encountered various problems that hinder its transition towards sustainable
development. The challenge is felt in the strategic and the operational aspects of complex decisions that must
accommodate all interests (Petrie and al. 2007). In order to ensure a successful transition, the Quebec
Government has implemented a mining strategy that includes economic and social measures (MERN 2014).
The aim of the economic orientation is to accelerate the development of mining and diversify the economy
of the northern sector of the province while improving competitiveness. This aspect is embodied in the Plan
Nord, of which one aim is to develop the labour force and favour the participation of local communities in

the development of mining.

The Quebec mining industry is evolving in a dynamic environment under permanent pressures from all
parties concerned. In this climate, the advantages associated with the application of the principles of
sustainable development may be overlooked. According to the Bureau de normalisation du Québec (BNQ),
the social, economic and environmental benefits to be gained are considerable (BNQ 2012). For example,
taking the social dimension into consideration improves company reputation and relations with local
communities, allowing mining operations to evolve within a less rigid environmental regulatory framework.

Integration of the principles of sustainable development also leads to better utilisation of natural resources.



In this article, we examine the social, economic and environmental impacts of mining activities in Quebec
and the criteria and indicators included in various models that may be used to evaluate the adequacy of the

transition towards sustainable development.

The research methodology is presented in section 2 below, followed by discussion of the results of the

literature search in section 3. Our conclusions appear in section 4.

2. Research Methodology

The review of the literature was focused on six main aspects. To begin with, the concept of sustainable
development is presented as well as the positioning of the mining industry in this regard. We next examine
the legislation and standards applicable to the Quebec mining industry. The third aspect is a survey of mines
in Canada and abroad in terms of aspects of sustainable development, with emphasis on identifying the factors
that hinder the transition of the Quebec mining industry. The fourth aspect concerns guides and frames of
reference for sustainable mining. By associating these with the socioeconomic impact of mines, the fifth
aspect is intended as a survey of the criteria and indicators that are relevant to mining in the Quebec context.
The final aspect is an overview of tools that may be used to evaluate the socioeconomic impact of this
industry. Analysis of their strengths and weaknesses is provided in order to help researchers and experts

develop models and tools that are reliable and better adapted to the context of mining in Quebec.

Various criteria were established in order to ensure a systematic search for documents. These concerned the
databases consulted, the keywords used, the type of document and where they were published. In addition to
generalities associated with sustainable development in the mining sector, we attempted to identify evaluation
tools that are based on more than one method and have been applied in the mining sector at least in case

studies. The selection criteria were as follows:

- Keywords: impact, sustainable development, mines, industry, criteria, indicator, principle,
evaluation, method, tool, approach, measure, social, economic, local community, legislation,
standard, regulation (in English and French).

- Scientific articles (international) in which the proposed tools were applied.

- Databases: ABI Inform global, Ebsco, Scopus and the publishers Elsevier, Taylor and Francis
Group. The Google Scholar research platform was also used.

- The relationship between research and variables affecting the degree of sustainable development
achieved.

- The existence of a mining sector application (at least one case study) allowing operationalization of

the criteria and indicators identified.

In addition to the above criteria of selection, the tools considered in this review are those oriented towards

evaluation of the social and economic impact of the mining industry and published since 2005. For inclusion



in this study, a document had to deal with sustainable development in relationship to a mine with some
interest in the impact of mining activities. Monographs were excluded, since most of the work presented in

these books has been published in scientific journals or in conference proceedings.

3. Results and discussion

3.1. Sustainable development

Sustainable development is defined in Quebec legislation (Loi québécoise sur le développement durable,

chap. I, art. 2) as follows:

In the context of industrial activity, development is considered sustainable if it meets present demand
without compromising the capacity of future generations to meet their demand. Sustainable
development is based on a long-term vision that takes into consideration the inextricably associated

character of the environmental, social and economic dimensions of development activities.

Figure 1 illustrates how these three dimensions overlap.

Figure 1 — Representation of the dimensions of sustainable development

The economic dimension is concerned with the manner in which organisations utilise the generally limited
resources available on the planet and with the associated socio-environmental costs. These costs include
regeneration of the natural capital consumed and compensation for the wealth that the environment was

providing (Pawtowski 2008).

The social dimension is concerned with the value that a mining project can add to the population. According
to Wilkinson and al. (2001), this dimension must take into consideration the balance between current
economic pressures and the future needs of the population. According to Freeman (1984), the consideration

of all interested groups in the decision-making process is essential to success in the social realm.



The environmental dimension refers to analysis of the possible impact that a mining project could have on
the surrounding ecosystem and its inhabitants (Marnika and al. 2015). Depending on the nature of the project
and the environment, this dimension may include aspects such as noise, water quality, impact on biodiversity

and so on.

Taking these three dimensions into account ensures that all possible impact is considered during the
evaluation and execution of a mining project. Other dimensions exist, although they usually can be defined
in terms of interactions between economic, social and environmental factors. Pawtowski (2008) has identified

some of these, including, ecological, moral, legal and political dimensions.

The possible interactions between dimensions are not considered in this article. For several reasons, this
review is focused mainly on the economic and social dimensions. The literature is replete with studies of
environmental impact and evaluations thereof, particularly in the mining industry. In contrast, social and
economic impact is less studied and not regarded with the same urgency. With regard to sustainable
development, there is no obvious reason to treat the three dimensions with the same importance
(Morgan 2012). Furthermore, the social and economic impact is variable and may have several different
manifestations during the life of a mining project (Poveda and Lipsett 2014). In addition, the complex
challenge of identifying the intangible aspects of the socioeconomic impact is ample justification for focusing

on its evaluation.

3.2. Legislative and regulatory framework peculiar to the Quebec mining sector

According to a study by the Fraser Institute, Quebec ranks sixth in the world in attractiveness to mining
companies and third in Canada behind Saskatchewan and Manitoba (Jackson and Green 2017). However, the
slowness of the environmental permit process and the absence of a framework for negotiations with local
communities could cause this rank to slip (AMQ 2016b). According to an IRIS (Institut de recherche et
d’informations socioéconomiques) study, the Quebec government and the communities concerned continue
to have an interest in enforcing legislative rigours that annoy mining companies (Handal 2011). This study
shows that loosened legislation combined with financial support from the government has not been profitable
in socioeconomic terms. For example, in 2007, income from mining was taxed at half the rate that was
applicable elsewhere in Canada. This was added to various allowances and incentive measures intended to
maintain an attractive fiscal environment and thereby allow Quebec to reap socioeconomic benefits. During
the next year, employment in the mining industry dropped by 25% and accounted for only 0.27% of industrial
jobs (Handal 2011). The legislation was as flexible in the payment of income tax. For example, mining
companies in the Abitibi-Témiscamingue region paid no income tax in 2015 (Belzile 2016). This suggested
that the challenge of reducing unemployment and fructifying public investment in the mining sector requires

more than flexible legislation and public financial support.

In Quebec, the main legislative guide for the mining sector was adopted in December of 2013. Dealing with

mining rights and permits, leases and restoration, the legislation is intended to stimulate sustainable mining



activities. It specifies the rights of citizens affected by mining projects, the rights of communities and the
infrastructures to be integrated into the territories being used. However, spokespersons for the citizenry are
expressing reservations about this legislation. For example, the coalition “Pour que le Québec ait meilleure

mine” points out weaknesses regarding the following points (Amos and Audoin 2009):

- Disproportionality between the economic interests of mining companies and the social rights and
quality of life of the population.

- Lack of credible mediation in legal disputes between mining firms and citizens.

- No modification of the precedence of mining rights (free mining), which favour only mining firms
to the detriment of citizens.

- Vagueness regarding the obligation to consult First Nations communities.

- No public access to environmental and health data on mining projects.

Another deficiency noted in the legislation is associated with the communication of information under the
control of the stakeholders (Bergeron and al. 2015). Mining companies that hold the rights associated with a
location are under no obligation to disclose the nature of the sought minerals. In addition, in spite of the
efforts undertaken to consult with the stakeholders in a mining project, decisions are often made without
considering the concerns of the local residents. For example, although the citizens’ committee of the south
side of the town of Malartic (Quebec) objected to the expansion of the mine, approval was granted without
considering the opinions expressed by the citizens and independent organisations (QMM 2017). According
to a spokesperson for the Canadian association of physicians for the environment (Dr. Isabelle Gingras), the
standards are not adapted to mining projects in their current context (Shields 2014): “The current standards
are not adapted to the reality of open mines and their impact on human health. We need new standards for

dust, noise and the psychosocial impact of mining operations.”

In Northern Canada, several types of agreements exist between the mining industry, the federal government
and the local communities. Through community and socioeconomic agreements, mining companies
participate in the development of local communities in several ways. These agreements deal with education,
employment, development of local businesses and so on. A socioeconomic follow-up committee created for
the certifications required in specific mining projects also ensures that the projects fit with pre-established
socioeconomic objectives. Mechanisms of exchange between industrialists, governments (federal and

provincial) and regional associations must also be created.

3.3. Impact of the mining industry from a sustainable development perspective

3.3.1. Economic dimension

In Quebec, the mining industry contributes considerably to public finances through royalties and income tax.
In 2014, the mining industry paid over $120 million in royalties to the Quebec government. The economic

impact of the mining sector is also felt among small businesses, which include 3,800 suppliers throughout



the province (Doumont 2015). Between 2013 and 2015, $508 million were invested in Quebec highways and
roads in order to meet the demand created by mining operations (MERN 2014). Investment also accelerated
research and innovation in the field of mining (MERN 2014). Through various agencies, Quebec taxpayers

funded several research projects on subjects relating to the mining sector (MERN 2014).

In 2014, salaries in the mining industry were above those in forestry, manufacturing, construction and the
financial sector. The average annual salary in the mining sector was over $100,000 (Marshall 2015).

According to the former minister of state delegated to mining, Luc Blanchette:

“The Quebec mining sector represents investments averaging nearly $3 billion annually, 30,000
direct, indirect and induced jobs paying annual salaries averaging over $90,000. It is an established
leading industry in all regions of Quebec, its network of suppliers and equipment manufacturers
including nearly 500 businesses generating $30 billion in annual income, a third of which are located

in the Montreal and Montérégie regions™ (MERN 2016).

The impact of mines on local communities is very diversified. The salaries earned by mine workers are
superior to those of most of the remaining local jobs. In 2016, weekly earnings in Québec averaged $858.50
while the average weekly salary in the mining sector was $1261.14 (ISQ 2016). Many local residents
consulted affirm that being employed in a mine equals social upward mobility (Rodon and Lévesque 2015).
Indirect jobs are also created through local partners of the mining companies. In addition to tax revenues,
royalties paid by mining companies also return to the communities to support various local economic and
social activities. However, measuring the economic progress of certain local mining communities would

provide a better evaluation of the economic impact of mining activities (Schweitzer 2014).

In spite of the economic performance of the Canadian mining industry, the fluctuations of the world economy
affect this industry in several ways. At the beginning of the millennium, 60% of Canadian exports came from
the manufacturing sector. During this period, the selling price of finished products fell steadily as the price
of raw materials rose. By 2011, raw materials represented two thirds of Canadian exports (UQAC 2013).
This phenomenon tends to squeeze the national economy into areas of specialization and may explain why
Quebec industries are so sensitive to fluctuations in raw materials costs. After record investments of
$5.1 billion in the Quebec mining sector in 2012, the downward trend in metal prices caused investments to
drop to $3 billion in 2014 (ISQ 2015). This decline had an impact not only on the Quebec economy, but also

on local communities, particularly in terms of employment.

Another negative economic impact of mines is associated with the cost of restoring the sites (Handal 2011).
In Quebec, many mines have been abandoned over the years, and the state is obliged to spend large sums on
the restoration of the land. The most recent survey estimates the cost of restoring 713 abandoned mines at
$808 million (ISQ 2015). New legislation includes measures to ensure the restoration of mines and the

surrounding lands. Once their plans for restoring and re-landscaping have been accepted by the ministry of



energy and natural resources (MERN), a mining company must provide financial guarantees corresponding

to the total estimated cost.

3.3.2. Social dimension

The mining industry in Quebec accounts for 30,000 direct and indirect jobs, often held by local workers.
These jobs represent $1.7 billion in salary in the production sector alone (Doumont 2015). A study conducted
by the ministry of forestry, wildlife and parks (MFFP) concluded that 10 direct jobs created lead to the
creation of 9 indirect jobs (MFFP 2011). The presence of a mine near a community seems to have a positive
impact on education. Young people are more motivated to complete high school when there is a good chance
getting a well-paid job in the mining sector (INSPQ 2015).

In Quebec, an initiative intended to facilitate collaboration between mining companies and local residents
was begun in 2012. This was Développement Rétention Emploi Autochtone Minier or DREAM
(Dansereau 2012). The aim of this project was to train First Nations persons to work in the mining sector and
to encourage them to do so on the long term. DREAM was a creation of the mining sector labour committee
(CSMO-Mines) in partnership with the industry and First Nations, and is considered as a model for “win-
win” agreements between the different groups (Dansereau 2012).

Another social impact of this industry comes from donations to the surrounding community. Financed to the
tune of $2 million entirely by the Osisko mining company, the Osisko stadium in the town of Malartic is a
good example (CSMO 2014). The Fond Essor Canadian Malartic (FECM) provides $150,000 of funding
annually for activities having a durable impact on the municipality. An additional donation of $325,000 is
marked for community projects intended to support the local economy after the closure of the mine. Health
and safety problems have also been taken into consideration in mining activities in Quebec. During the
years 2010 through 2015, the workplace accident combined frequency (per 200,000 hours worked, the
number necessitating compensation or temporary reassignment) fell from 4.8 to 2.2 in the mining sector
(APSM 2016). According to the Commission des normes, de 1'équité, de la santé et de la sécurité du travail
CNESST (2016), temporary reassignment speeds up the return to regular work by allowing the worker to
perform other tasks under certain conditions while healing from injury. Figure 2 shows the trend of the

accident frequency in this industry for the years 2003 through 2015.
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Figure 2 — Combined frequency of accidents in the Quebec mining sector (APSM 2016)

The Quebec mining association (AMQ) has put in place various mechanisms in order to decrease the
frequency of workplace injuries. These include rescue activities in the event of major accidents or disaster,
based on the work of an inter-mine mutual aid committee. This committee works jointly with the mining
rescue crew of the CNESST (standards, equity and occupational health and safety commission). In addition,
an auditing program is in place to favour proper health and safety practices. This program allows interested
companies to receive professional evaluations of various aspects of their operations (compliance with
standards and regulations, emergency measures plan, prevention activities, field monitoring, industrial
hygiene and health). The industry also uses modular training for mineworkers (mandatory for all personnel

working underground) to reduce the frequency and severity of workplace accidents.

While the jobs offered by mining companies are advantageous, they have negative effects on the social
cohesion of the surrounding communities. Community services and traditional activities are sometimes
abandoned over time, for example, intergenerational fraternizing and transmission of ancestral knowledge
(Knotsch and al. 2010). Work schedules are another factor that affects social cohesion. The demands of
mining are such that local workers go home only every two weeks. Many local residents find that this creates

difficult and stressful situations (Rodon and Lévesque 2015).

Noise, vibrations and dust produced by mining make up another aspect of the challenge. The Osisko mine in

Québec is only one illustration of this problem. For example,

“Since its operations began, Osisko is finding it difficult to comply with decreed standards relative
to noise, dust, vibrations and overpressure during blasting. As of July 14, 2014, the ministry of the
environment has issued 131 notices of non-compliance to Osisko (since the beginning of the project)

and has received 1, 275 complaints from citizens with regard to these problems” (INSPQ 2015, 5).



Noise comes primarily from engines, loading and unloading of rock into bins, electricity production and so
on (ELAW 2010). Miners are exposed to various sources of noise in their work environment, which on the
long term can lead to deafness. Vibrations also come from engines, but especially from blasting. The shock
waves from these explosions are very powerful and can affect workers, citizens and the stability of nearby

infrastructures (ELAW 2010).

Mining communities are highly intertwined with mining economic cycles, and when these are in their trough,
entire towns can disappear. For example, the mining village of Joutel in Northern Quebec disappeared after

four mines were shut down one after the other.

The relocation of communities near mines is another problem that has become a source of inequality between
citizens and loss of confidence in authorities. In 2006, the expansion of the Canadian Malartic mine required
the demolition of 246 homes on the south side of the town of Malartic, which disrupted daily life residents
(INSPQ 2015). According to a survey conducted in the autumn of 2011 on the quality of life of the residents
of Malartic, 19.5% of the respondents attributed the stress that they were experiencing to the Canadian
Malartic mine (LeBlanc and al. 2012). This psychological distress was particularly high in the relocated

families.

The migration of people towards mining areas is another source of problems for the nearby communities,
especially where mining is the principal source of income. The arrivals of workers can quickly create
conflicts. This combination of cohabitation and weak social bonding can cause disorganization of the society

as a whole, as well as changes in the way of life of the locals (UQAC 2013).

The social acceptability of mining projects, based on the quality of relations between the different groups,
has become a decisive issue (Yates and al. 2016). Local communities are becoming more and more refractory
to mining projects and are manifesting their will to be more actively involved. Social acceptability plays an
important role in assessing the impact of mining activities because local communities can block the
implementation of a project. According to the Fraser Institute, 36% of mining companies claim that public
opposition can block approval of their projects (Wilson and Green 2013) and they therefore do everything
they can to avoid conflicts with the local community. According to Franks and al. (2014), interruption of
exploration activities can cost as much as $10,000 US per day. In Canada, in spite of improvement in relations
between mining companies and local populations, bad practices are still noted (Bergeron and al. 2015). These
are mainly the result of a lack of involvement of local communities in the projects as well as the impact on

existing infrastructures and the environment in general (Bergeron and al. 2015).

3.3.3. Environmental dimension

The Quebec mining sector does attempt to interact responsibly with the environment. Besides the
management of mining wastes, restoring of mining sites is another field in which continual improvement is

noted.
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The mining industry wants to avoid abandoned mine sites. It has supported the measure making mining
companies responsible for 100% in costs of the site restoration and requiring them to deposit 100% of the
financial guarantee needed to cover these costs (Quebec Mining Association 2020). To minimize emissions,
the mining industry in Quebec has introduced processes and programs for reduction at source, processing
controls and monitoring. The compliance rate of mining operations has been 96% in Quebec over the past 20
years, even though the framework and criteria have continually tightened since 1989, including
implementation of a water policy and related regulations, subjection to the Industrial Waste Reduction

Program, continuous measurement requirements and increase in possible penalty amounts (Bienvenu 2015).

In order to reduce its impact on the environment, the Quebec mining industry is participating in a series of
ministry initiatives such as the Mine Environment Neutral Drainage (MEND-NEDEM 2020), the Inventory
of Orphaned/Abandoned Mines (NOAMI 2020) and the Towards Sustainable Mining (TSM) (AMC 2020).
Through programs such as these, mining companies are improving their practices and thereby reducing their

footprint in the environment.

It is important to note that the examples cited in this section show that the positive elements tend to be

improvements to operations more than reductions of impact.

The negative environmental impact is varied, ranging from contamination of the water table to atmospheric
pollution. Mining residues (tailings) in particular pose problems of soil and water contamination with heavy
metals (cadmium, arsenic, lead, zinc, etc.), which can have adverse effects on biodiversity (Chopin and
Alloway 2007). This is a major challenge in Canada. According to Farrell and Ali (2013) the problems

associated with mining residues are:

- Vast expanses of land needed for the building of residue dumps and tailings ponds with secure
enclosures.

- High initial cost of building secure residue and tailings holding facilities.

- Management of large quantities of contaminated water that threaten to contaminate neighbouring
environments.

- Risk of failure of dykes enclosing tailings ponds caused by fluidizing of residues or failure of the

drainage system.

Several failures of tailing pond dykes have been documented during recent decades (Azam and Li 2010).

During the period of 2004 through 2014, four major dyke breakages occurred in Canada (Azam and Li 2010).

Besides the contaminating effects of the erosion of mining grounds on flora and fauna, disturbance of land
near mines can have more far-reaching consequences. Ravines are widened and sedimentation and water
runoff are accelerated, which can cause downstream flooding and in some areas even destabilize the pillars
of bridges (ELAW 2010). The occurrence of such problems shows that control of soil erosion and

sedimentation are major challenges for the majority of mining projects and their surroundings. Air pollution
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is present in some form at each stage of the lifecycle of a mine. Singh and al. (2015) cite the emissions from

engines that drive heavy machinery and generators that run continually during the processing of ores.

Finally, Table 1 summarizes the diversity of the impact of mining in terms of dimensions of sustainable

development and some of the contexts in which it appears.
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Table 1 — The impact of mines expressed in terms of dimensions of sustainable development

Impact Social Economic Environmental!

Job creation Contributions to public finances Reduction of emissions from
Upward mobility in mining communities Investment in local and national mining operations
Donations and grants to local infrastructures Restoration of mining sites

Positive! communities Investment in scientific research and and surroundings
Improved occupational health and safety innovation Optimization of energy
(OHS) record Competitive salaries consumption

More dynamic local economy

Loss of community social cohesion Pressure on local resources Sedimentation in waterways
Occupational health and safety problems Cyclical economic sector Heavy metal contamination of
Disappearance of towns during economic Increased dependency of the local economy water
downturns in mining because of training in mining only Drop in biodiversity (plants
Abandon of community activities High cost of restoring mining sites and wildlife)

Negative Increase in conflicts as new residents Impact on climate

settle in the local communities

Loss of confidence in local authorities
and politicians

Relocation of citizens

Modification of lifestyles

! The positive elements of the environmental dimension should be viewed as improvements undertaken by the mining industry.
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3.4. Guides and frames of reference for sustainable mining

Mobilizing a vast network of experts, several guides and frames of reference are developed with the intention
of harmonizing concepts and systems of measurement for the purpose of evaluating sustainable development.
They allow organisations to communicate openly and clearly their adequacy in this regard, using a familiar
framework. The power of such guides and frames of reference resides in their credibility but also in the

criteria and indicators that are used to evaluate performance (GRI 2015).

The Global Reporting Initiative (GRI) proposes criteria and a guide for the presentation of reports on business
activities (GRI 2015). It may be used for reporting regardless of the size of the company, the sector of activity
or the geographical location. One of its particularities is that it proposes two options (essential criteria or
exhaustive criteria) for the identification of aspects that reflect impact from a sustainable development

perspective.

Published in November 2010, the standard ISO 26000 — Societal responsibility defines how organizations
can contribute to the sustainability of their activities (ISO 2010). This standard sets guidelines for orienting
organizations towards practices that are socially responsible, ethical and transparent. These guidelines are
based on criteria and indicators that operationalize the transition towards sustainable development. For
example, the occupational health and safety criterion relies on several indicators, such as the number of
salaried employees exposed directly and frequently to illnesses in connexion with their activity, the rate and
type of work-related accidents, occupational illnesses, absenteeism, proportion of workdays lost and total

number of deaths associated with the work, by geographical region, gender, and so on.

The intention of the Canadian initiative (AMC 2004) is to meet the challenge of sustainable mining through

the following six protocols operationalized by indicators:

- Relations with First Nations communities and other nearby residents
- Management of energy and GHG emissions

- Management of mining residues

- Management of biodiversity conservation

- Occupational health and safety

- Planning of crisis management and communications.

The focus of the Initiative for Responsible Mining Association (IRMA) includes business integrity, social

responsibility, environmental responsibility and planning and management for positive heritages.

The IRMA is implementing an accountable system of multipartite and verifiable assurances for evaluating
mining companies on the basis of criteria and indicators of improved social and environmental performance.
For example, equitable work and working conditions is a principle based on indicators such as respect of

workers’ rights to unionize and to collective bargaining, access to information essential for informed union
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negotiations, neutrality of managers on efforts to unionize or organize workers, informing new workers of

their rights and obligations, and so on (IRMA 2017).

The International Council for Mines and Metals (ICMM) is an industrial organization directed by company
managers with interests in the issues facing the mines and metals industry. The ICMM also promotes good
practices in sustainable development with its six principles based on international organisations such as the
GRI. The ICMM principles of sustainable development rely on evaluation criteria based on several indicators.
For example, the “ethical business practices” principle is based on a set of criteria consisting of “commitment
of management to the principles of ethical practices”, “implementation of policies and practices intended to
prevent corruption”, “respecting and doing more than required by the host country regulations”. The

sustainable development initiative of the ICMM focuses on environmental, social and economic aspects as

well as those relating to quality, ethics and business integrity (ICMM 2016).

3.5. Summary of sustainable development social and economic criteria and

indicators

A criterion is a principle or element of reference used to judge, estimate, evaluate or define something
(Larousse 2017). According to the Cambridge Dictionary, a criterion is defined as “a standard by which you
judge, decide about, or deal with something”. Bossel (1999) adds that a criterion orients the agents of an

organisation on decision-making.

Indicators “can lead to better decisions and more effective actions by simplifying, clarifying and making
aggregated information available to policy makers. They can help incorporate physical and social science
knowledge into decision-making, and they can help measure and calibrate progress toward sustainable

development goals* (United Nation, 2007).
According to Spangenberg and al. (2002), an indicator must be:

- Indicative, that is, representative of the phenomenon being characterized

- Transparent, that is, its selection, calculation and meaning must be accessible to non-experts
- Scientifically valid, that is, recognized by the scientific community

- Robust, that is, not affected by minor modifications or improvements of the database

- Quantifiable, that is, based on accessible data that can be processed

- Independent, that is, meaningful by itself

In order to describe and evaluate the state of a system, criteria are based on a set of indicators. The above
characteristics imply that a carefully chosen and rigorously justified indicator will determine the degree of

impact associated with a criterion with superior accuracy and precision.

The criteria of sustainable development thus allow to favour one action, path or impact among several
possibilities. Social indicators cover the demographics, social cohesion and well-being of the community,

occupational health and safety, investment in the local community, cultural well-being, quality of life and so
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on. Economic indicators relate to employment, labour availability and all sources of income in the region

under study (Petrov and al. 2013).

Referring to the analysis in section 3.3 and to the definitions in the preceding paragraphs, we have preselected
criteria and indicators relevant to the impact of Quebec mines. For each impact identified, there is at least
one criterion that can be used to evaluate it. The relevance of the choice of indicators was also based on the
ease of their use and guided by case studies published in scientific journal articles. For the reasons mentioned
in section 3.1, the criteria and indicators retained are oriented towards the social and economic dimensions
only. They are summarized in Tables 2 and 3, which include the frames of reference showing their presence
in the literature. However, these frames of reference have no connexion in particular to the scientific articles,

other than their mention as examples in some cases.
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Table 2 — Selected economic criteria and indicators relevant to evaluating sustainable development in Quebec

Criteria Indicators Articles Country Frame of reference
e Existence of donations and other
investments for the communities Erzurumlu and Erzurumlu
($ million) (qualitative) 2015 USA
e  Number of direct/indirect jobs ( )
created locally (quantitative)
e Reinvestment of royalties in the
locality (quantitative)
e Pressure on local resources Biggs and al. (2015) Australia I1SO 26000 (2010); GRI
(qualitative) ;
Economic benefits (2015); AMC (2004);
ICMM (2016)
Weldegiorgis and Ali '
Australia
(2016)
Tonts and al. (2012) Australia
e  Number of local suppliers Erzurumlu and Erzurumlu
itati USA
. glilifiriliiatlgf zzconomic activities (2015)
ST ISO 26000 (2010); GRI
Presence in the (qualitative)
Biggs and al. (2015) Australia (2015)
local market
Caron and al. (2016) Canada
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Table 3 — Selected social criteria and indicators relevant to evaluating sustainable development in Quebec

Criteria Indicators Articles Country Frame of reference
Involvement of local stakeholders in
the resolution of socioeconomic
problems (qualitative)
Respect of cultural heritage
(qualitative)
Evidence of involvement in local
communities (qualitative)
Veto for the local community
(qualitative) Craynon and al. (2016) USA
Proximity of the mine to residential
litati
areas (qualitative) ISO 26000 (2010); GRI
Social (2015); AMC (2004);
dialogue ICMM (2016); IRMA
(2017)
Caron and al. (2016) Canada
Weldegiorgis and Ali
Rwanda
(2016)
Craynon and al. (2016) USA
Varigty Qf the local skill set Weldegiorgis and Ali ICMM (2016)
Vulnerability (qualitative) Rwanda
) Proportion of local workers (2016)
to economic participating in job training programs
downturn (quantitative) Tonts and al. (2012) Australia
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Criteria Indicators Articles Country Frame of reference
Biggs and al. (2015) Australia
Caron and al. (2016) Canada
Ngmber ofdeatfl y a?d W(l)(rk—related Biggs and al. (2015) Australia 15026000 (2010); GRI
Occupational ?ZIJ‘{;:; ;rln‘:)lg ocal workers (2015); AMC (2004);
u v
Weldegiorgis and Ali .
health and glorg Rwanda IRMA (2017); ICMM
safety (2016) (2016)
Caron and al. (2016) Canada
Existence of mechanisms of
Business ethics prevention of corruption (qualitative) Erzurumlu and Erzurumlu USA ICMM (2016); IRMA
Internalisation of costs (qualitative) (2015) (2017)
Conflict with new arrivals to the local
community, loss of social cohesion
Social well- (qualitative)
. Trends in alcoholism and drug abuse Poveda and Lipsett (2014) Canada GRI (2015); IRMA (2017)
being (quantitative)
Proportion of investment by mining
companies in education (quantitative) ICMM (2016); GRI
Education Yu and al. (2005) China (2015); IRMA (2017);

ISO 26000 (2010)
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3.6. Tools of measurement of the social and economic impact of the mining

industry

Awareness of the impact of mining projects has increased throughout society. This explains in part the
increase in the number of tools available for the evaluation of sustainable development (Poveda and
Lipsett 2014). Their use is becoming widespread and they are becoming indispensable for businesses (Singh
and al. 2012). According to Ness and al. (2007), measurement of sustainable development allows the impact’s
evaluation on the short and long term in order to determine actions that lead to sustainable businesses.
Evaluation tools can be used to guide the mining industry towards a proactive approach to sustainable
development. Used in conjunction with economic, technological and financial models, they contribute to
successful transition to sustainable practices (Petrie and al. 2007). In the past, measurement of the
socioeconomic impact of mining was focused more on the economic flow of inputs and outputs in a
community. Support for organizational aspects from non-governmental organisations outside of the
community was also taken into consideration (Burdge and al. 1988). Today, impact evaluation methods and

tools make it possible to measure sustainable development performance more directly.

In the mining sector, the goal of social and economic impact evaluation is to provide support for decisions,
hence the term decision-aid tools. In some cases, these tools are used to examine subjects outside of the
business per se in order to evaluate the level of sustainable development of an entire region (Su and al. 2010).
The limitations of tools based on a single method of measurement have become apparent. Because of the
dynamic nature of the mining industry, some of them fail to provide support for the analysis of socioeconomic
problems (Govindan 2015). For example, cost-benefit analysis is more and more criticized because it
considers only monetary aspects and ignores the impact of social and environmental factors (Frank 2000).
The results given by tools based on a single method are also affected strongly by subjectivity and difficult to
put into applications (Yu and al. 2005). In practice, various methods are often combined in order to provide

more robust support for decisions.

In their review of the characteristics of the structures underlying decision processes in the mining industry,
Petrie and al. (2007) points out that a decision-aid structure must not only contain a guide to approaching and
solving a problem, but also built-in proactivity in the promotion of the principles of sustainable development.
Based on analysis of about 50 decisional frameworks, a list of structural and analytical questions is proposed,
the answers thereto orienting deciders towards a sound decision. An interesting aspect of this approach is its
flexibility and adaptability to the nature of the relations between the stakeholders (collaboration or conflict).
With regard to indicators of sustainable development, the authors focus on two types, corresponding to
different degrees of subjectivity, namely, indicators of performance and key indicators of performances.
These are grouped according to three dimensions: social, technical and environmental. However, the authors
mention the widespread use of other dimensions, notably economic and political/governmental. Based on
analysis of the impact evaluation reports for five mining companies, they conclude that the manner in which

the indicators will be aggregated depends on the level of decision-making (strategic, tactical and operational).
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They also noted a recurrent weakness in all of the evaluation tools examined, namely a lack of fit between
the chosen performance indicators and the goals as defined in the evaluations. It is not clear in this study if
the approach can be adjusted when the final decision is not compatible with the goal. What is clear is that no
single decisional structure exists that can guide the transition towards sustainable development in the mining

sector.

In a case study of sustainable development in the mining city of Hubei in China, Su and al. (2010) used a
model based on a combination of three methods of analysis, namely the analytical hierarchy process, the
accelerated genetic algorithm and fuzzy integrated judgment (tool 1). The model involves four steps: 1)
Hierarchizing of the system composed of the objective, the criteria and the indicators, 2) Constructing the
judgment matrix to rank the importance of the criteria, 3) Searching for the judgment matrix having optimal
coherence and assigning weights to the criteria for each hierarchical level, and 4) application of fuzzy
integrated judgment. The results were coherent with previous studies, more precise with regard to variables
affecting the degree of sustainable development, and appeared to verify the reliability of this integrated
evaluation method. Precision was improved by replacing the conventional judgment matrix, that is, the
discrete values scale of Saaty (1980), with an interval scale. The indicators were grouped using sustainable
development dimensions, namely economic, social, intelligence (level of education) and mineral resources,
with weighting derived from three matrices, one for indicators, one for weights and one for judgments. The
result obtained using this tool is an integrated decision in an uncertain environment influenced by several
factors including unemployment, the quality of life of the local residents and the mineral reserves present in
the mining area. However, the procedure for selecting the experts that will participate in the choice of criteria
and indicators is not explained. This aspect is important, since the fuzzy integrated judgment process was
based on their opinions, and regardless of the effectiveness of the method used, if subjectivity is not reduced

at the source, the results will be biased (Kommadath and al. 2012).

In a study of the mining city of Huangshi in China, Yu and al. (2005) found that the degree of coordination
of sustainable development factors has a strong influence on the long-term development of such communities.
To confirm this assertion, they developed a model of systematic evaluation that considers economic, social,
environmental and intellectual resources as factors (tool 2). Using the Delphi method, a system of criteria
and indicators relevant to the context of the studied mining community is generated, and coordination is then
evaluated using the fuzzy integrated judgement method. With fuzzy logic, the matching of judgments with
different sustainable development factors is maximized. A clear vision of the most influential factors was
thus obtained in the case of the city of Huangshi. Judgments of the relevance of the criteria were obtained
simultaneously from the indicators thanks to an integrated matrix, which saved time. It can be concluded
from this article that two factors had a strong influence on sustainable development in this mining city:
namely, the abundance of mining resources and the conditions of their extraction. Another conclusion is that

the fuzzy-logic-based method reduced considerably the subjective content of the judgments. However, the
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coherence of the weights assigned to the criteria and indicators was not studied, and such a study would

improve the reliability of the evaluation of sustainable development in this mining community.

Mihai and al. (2015) analyzed various alternatives for carrying out a mining project with the obligation to
take into consideration the socioeconomic impact and the acceptance of the project by the surrounding society
(tool 3). They also reduced the level of subjectivity by replacing the discrete values scale with an interval
scale, which in addition to the advantages mentioned above, also allowed some flexibility in the judgment.
At the end of the evaluation of four alternatives (updating the project, stopping the project, maintaining the
project in its initial form and undertaking a tourism development project), multi-criteria analysis was used to
determine the optimal decision starting from the single criterion synthesis approach with the weighted sum.
Although the results showed the effectiveness and ease of use of multi-criteria analysis, certain limitations
were also apparent in this study, associated with method itself and with human factors involved in the
incoherence of the data gathered. The evaluation took on a hypothetical aspect, since most of the criteria were
predictive, for example long-term costs and foreign investments. The limited financial resources of the
evaluators created an obstacle by affecting the representativeness of the population surveyed. In addition to
these limitations, use of multi-criteria analysis requires an expert in this method with vast experience in
holding workshops and conducting inquiries in order to gather the most authentic information. If time
becomes a constraint, workshops that often require days may be cut short, in which case subjectivity sets in

reduces the quality of the evaluation (Porthin and al. 2013).

Kommadath and al. (2012) developed a tool for measuring the degree of integration of the principles of
sustainable development into the mining sector using an approach based on fuzzy logic (tool 4). The authors
noted that for the purpose of characterizing the relationships between the dimensions under study, input-
output analysis suffered from several weaknesses. Input-output analysis requires the collection of large
amounts of data and must involve several stakeholders. Limitations on data aggregation oblige the analyst to
standardize the dataset with adjustments, which may reduce data quality. The particularity of this tool was
the use of fuzzy logic to accommodate the subjectivity inherent in the sustainable development concept and
to combine indicators that are not quantified with the same ease, for example the number of jobs created and
the level of involvement of the local population. The tool was able to define sustainable development in terms
of a function composed of a number of quantitative indicators derived from expert judgments (qualitative)
using the Delphi method. In spite of the advantages associated with facilitating the decision process, the
involvement of the stakeholders and their commitment, there was no way around the subjectivity in the
definition of the membership function of the criteria. The authors suggest more in-depth study of the process
of choosing the participants (stakeholder representation) in the evaluation, since the opinions of these

individuals represents the principal source of subjectivity.

Poveda and Lipsett (2014) developed a tool for measuring the transition of a mining industry towards
sustainable development based on the idea that continual measurement and improvement of socioeconomic

performance must be ensured (tool 5). Their goal was to measure the degree of integration of the principles

22



of sustainable development directly in terms of the impact of mines. The tool features the subdivision of
activities into fields of excellence in which the industry must improve its performance, for example education
in the local community. Using the weighted sum method with an integrated approach based on continued
improvement of performance and multi-criteria analysis, social, economic and environmental effects were
evaluated in each phase of the mining project in terms of the chosen fields of excellence. The result was
expressed as scores indicating the degree of improvement for each criterion during a given period and
suggesting a basis for strategies to be developed in order to improve the transition towards sustainable
development. A case study in the oil sands of Alberta revealed the shortcomings of this tool, the authors
suggesting a users’ guide in order to overcome the complexities of the various steps. As in any qualitative
evaluation, data subjectivity remains a problem. Since the difficulties encountered in this study are not
described in sufficient detail, no particular method of choosing the experts participating in the choosing and

weighting of the criteria and indicators is suggested.

Erzurumlu and Erzurumlu (2015) developed a sustainable mining development evaluation tool that places
the community at the centre of the process (tool 6). In a case study conducted in a mining region of Central
America, it is shown that involving the community at the outset of a project leads to an increase in
socioeconomic benefits for the mining company. The approach is based on two methods, namely multi-
criteria analysis and a combination of intuitive and analytical thought called design thinking. The latter
method is used to provide the criteria and the social and economic indicators on which the former is based
and thereby determine the alternative most conducive to the success of the project. The design thinking
process comprises three steps: inspiration, idea generation and implementation. Inspiration consists mainly
of identifying the constraints under which the project is being carried out and of analyzing the position of the
community on mines as well as its expectations. Idea generation consists of examining ideas proposed by
stakeholders for improving mining activities from a sustainable development perspective. It is at this step
that the social and economic indicators are selected. Implementation refers to interpreting and summarizing
the results obtained in the preceding steps using the upgrading approach, for example, noting the
preponderant alternatives for orienting the mining project. The advantageous feature of this tool is the
iterative process used to refine the results. Ideas that are initially too vague are brought back to the first step
for clarification. However, its successful use requires a change in the organizational culture of the mining

company and total commitment from the stakeholders.

Craynon and al. (2016) used an approach based on a geographical information system to identify the
constraints associated with the opening of a mine (tool 7). In addition to identifying the deficiencies with
regard to sustainable development, this system optimizes simultaneously the social, economic and
environmental aspects. Using an iterative process, the benefits of a mining project are maximized from a
sustainable development perspective by mapping interactions between the project components. Experts may
focus for example on the risks associated with choosing a high-potential mining zone close to a community

(source of conflict). A case study conducted in the USA showed the effectiveness of this tool as means of
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improving communication between stakeholders and subsequent planning of more sustainable projects. The
sustainable development index was evaluated by analyzing the potential for conflict in the area proposed for
the mining operations. After mapping of the conflict factors, paired comparison of the factors was performed
in order to rank the potential conflicts using the AHP method. The final choice of the mining site must not
only ensure the economic viability of the project but also minimize the negative effect of the mining activities
on the local society and the environment. The main advantage of this tool is the ease of access to information
and its flexibility. In addition, the problem source identification capability is interesting. For example,
because of the weighting of the elements, the mapping indicates simultaneously the ore quality and the
residence density in a given area. The main shortcoming of this tool is its reactive approach, since it is used

after a site has been chosen and a mining project is well underway.

Weldegiorgis and Ali (2016) used the O-Sort Method to carry out an evaluation of socioeconomic impact in
localities far away from urban areas (tool 8). Applied in Rwanda, this approach was designed to provide
quantitative analysis of qualitative indicators associated with the impact of a mine. Using factorial analysis,
the authors analyzed the opinions, perceptions and preoccupations of several interested groups. In addition
to the conventional activities of the O-Method (interview, documentary analysis), the O-Sort Method uses
discussions with focus groups and representatives to measure the importance attributed to a mining project.
This method is based on a weighting system associated with a judgment scale ranging from “agree entirely”
to “disagree entirely”. The use of this tool implies inter-correlation of the opinions of the various stakeholder
groups. The result of this process reveals the perspective most shared by the groups on the pursuit of certain
aspects of a mining project. One of the shortcomings of the tool is the difficulty of gathering the right

information during interviews. Translation of the local language introduces an additional source of bias.

In summary, the list of tools mentioned in this section shows that the development of models for the
evaluation of the social and economic impact of mining projects is not a novelty. However, for several
reasons, the effectiveness of the models proposed so far remains questionable. One problem is the difficulty
of generalizing the impact identified. Given that activity in the mining sector is subject to economic cycles,
the perceived impact will vary depending on how profitable ore extraction is in any given period. This implies
that evaluations must be spread over time in order to obtain an exhaustive list of the potential impact factors
in a given locality. Another persistent difficulty is the control of subjectivity in the data-gathering process.
As Petrov and al. (2013) mentions, several practices must be improved, especially the inclusion of the local
communities in data gathering and analysis (both before a project begins and while it is in operation) and
their involvement in the choice of the social and economic indicators. Furthermore, it does not suffice to
evaluate impact only and propose a sustainable mining orientation. In addition to orientation, a method of

follow-up is needed to provide a framework for adjustments made as function of the impact noted.

The reliability of the chosen indicators remains questionable, especially in the case of mines in Northern
Canada. It is not clear that these indicators are well matched with the impact being evaluated. Some of them

contribute little to the follow-up process because they were devised for other geographical areas and do not
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reflect the local economy, sources of income and activities associated with the land and sea. Some are
qualitative and do not lend themselves to reliable measurement of impact. More effort is needed in order to
characterize relationships between qualitative and quantitative indicators. Furthermore, model development
must be based on a multidisciplinary analysis that reveals all aspects of the impact (Petrov and al. 2013). For
example, separating resource management from the evaluation of impact decreases the effectiveness of
decisions made in the realm of social responsibility. Evaluation models must be integrated adequately into
the company management system. On the other hand, indicators oriented exclusively towards the local
community limit the scope of the evaluation. Mining requires interaction between stakeholders beyond the
region of the mine, through the knowledge transfer, exporting, and so on. This aspect must be taken into
consideration, since the external parameters and the impact measured locally are interacting variables. The

analysis of the tools is summarized in Table 4.
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Table 4 — Summary of the eight models of evaluation of the impact of mining activities on sustainability

Method/approach

N° Authors used Country Advantages Shortcomings
Analytical hierarchy Three methods integrated Absence of criteria for choosing
process (AHP) Precis.ion of the Va.riab.le.s the exp.erts participating in the
affecting the sustainability of evaluation
Accelerated genetic . mining in a given city Uncontrolled interference between
1 Su and al. (2010) algorithm (AGA) China Improved precision of the expert social and economic indicators
judgments
Fuzzy Integrated Improved coherence ratio of the
Judgement (F1J) AHP method
Combination of methods Uncontrolled interference between
Delphi Combination of qualitative and social and economic indicators
quantitative indicators Absence of a procedure for the
2 | Yuand al. (2005) Fuzzy integrated China Subjectivity well controlled selection of criteria and indicators
Jjudgement (F1J) Simultaneous presentation of of sustainable development.
results when several dimensions
and criteria are considered
Improved precision of the expert Evaluation is hypothetical
judgments Criteria and indicators are
Mihai and al. Weighted sum method Ease (.)f qssociation O.f th.e P redi.ctive . .
3 Romania quantitative and qualitative Requires consideration of a large
(2015) indicators in the weighting population
process To be useful, the evaluation
requires expertise in multi-criteria
analysis
Sustainable development concept Subjectivity in the definition of the
Kommadath and FIJ adapted to the specific mine by men?bel'rship function of the criteria
4 India consensus and indicators
al. (2012) Delphi method Distinguishes between Level of expertise required of the
sustainable and non-sustainable participants
activity
Continued Evaluation of impacts at each Complex process: several steps;
Poveda and : hase of a mining project requires a users’ guide
5 improvement of Italy p . ; . g proj q g Al
Lipsett (2014) Diversification of sources of Uncontrolled subjectivity

performance

criteria and indicators
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Method/approach

N° Authors used Country Advantages Shortcomings
Weighted sum method Elaboration of a sustainable
development improvement
strategy
Human-oriented approach Requires a change in
6 Erzurumlu and Upgrading approach Central Process is iterative and organizational culture in the
Erzurumlu (2015) Design Thinking America transparent g company
Requires total commitment from
the stakeholders
Maximises the net benefits Reactive approach applied after the
present in a mining project mining site is chosen and the
Maps interactions between project is underway
system components
Geographical Analysis and spatial
Craynon and al. ) ) interpretation of conflicts in
7 information system USA relation to sustainability
(2016) . o
Social acceptability is favoured
National and local regulations are
supported
Effective for fast evaluation of Risk of censure associated with
situations involving several culture and hierarchy in the mining
stakeholders community
Suitable for participatory
Ali and processes
o Functional analysis Q- Uses simple data collection
8 Weldegiorgis Rwanda techniques that stimulate thought
methodology
(2016) processes

Determines and defines the main
ideas in a vast population being
considered

Approach is mature and applied
in several fields
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4. Conclusion

The present review of the literature has shown that sustainable development is a strategic lever for improving
the long-term viability of the mining sector. Compliance with the principles of sustainable development is
profitable because it can be used to create advantageous conditions. The review also shows that legislation
plays an important role in the transition of the Quebec mining industry towards sustainable development.
Although this region of the globe is already one of the most attractive for mining, the socioeconomic climate

still has considerable room for improvement.

The socioeconomic impact of the Canadian mining sector varies considerably and is influenced by several

factors, in particular current mining legislation and social acceptability.

The survey of tools that have been applied to the evaluation of the social and economic impact of the mining
sector from the perspective of sustainable development revealed various deficiencies. In summary, only one
of these tools would be suitably adapted to mining in Quebec and Canada. It is also noted that the tools based

on a single method of evaluation appear to be less effective than the more integrated tools.

In spite of the limitations on the conclusions that can be drawn from this study, our findings should incite
professionals to develop tools that are better adapted to evaluating specific aspects of the social and economic

impact of mining in Canada.
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