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 Sustainability assessment has received numerous attentions in the mining industry. 
Mining sustainability includes the environmental, economic, and social dimensions, 
and a sustainable development is achieved when all these dimensions improve in a 
balanced manner. Therefore, to measure the sustainability score of a mine, we require 
an approach that evaluates all these three dimensions of mining sustainability. Some 
frameworks have been developed to compute the sustainability score of mining 
activities; however, some of them are very complicated and the others do not cover all 
the environmental, economic, and social aspects of sustainability. In order to fill this 
gap, this work was designed to introduce a practical approach to determine the score 
of mining sustainability. In order to develop this approach, initially, 14 negative and 
positive influential macro factors in the sustainability of open-pit mines were 
identified. Then the important levels of the factors were estimated based on the 
comments and scores of some experts. Two checklists were constructed for the 
negative and positive factors. The sustainability score was computed using these 
checklists and the importance levels of the factors. The score range was between -100 
and +100. In order to implement the proposed approach, the Angouran lead and zinc 
mine was selected. The sustainability score of the Angouran mine was +47.91, which 
indicated that the mine had a sustainable condition. This score could increase through 
modification of some factors. 
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Abbreviation list 

SD Sustainable development 
GDP Gross domestic product 
IRR Internal rate of return 
 Negative factor score ࢏ࡿࡲࡺ
 Positive factor score ࢐ࡿࡲࡼ
 Weighted importance values of negative factors ࢏࢔࢝
࢐࢖࢝  Weighted importance values of positive factors 
 Number of factors ࢔
 Negative score ࡿࡺ
 Positive score ࡿࡼ
 Sustainability score ࡿࡿ
 Coefficients of positive factors ࢐࡯ࡼ
 Coefficients of negative factors ࢏࡯ࡺ

 

 

 

1. Introduction 
With the advancement of technology, the human 

life standards have been improved, and the 
minerals have become very important to the human 
life and welfare. The high pace of population and 
urbanization growth further increases the 
requirement for minerals in the world. 
Consequently, the demand for minerals, especially 
metals, is rapidly increasing in the modern 
industrialized society. The mining industry is of 
crucial importance to many countries since it 
directly associates with the economic 
development. Australia is globally well-known not 
only for the export of gold, copper, silver, coal, 
uranium, natural gas, and oil but also for the 
production of precious stones such as diamonds. 
India is one of the world's top producers and 
exporters of diamonds, iron, zinc, and lead. Canada 
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is one of the major producers of natural gas in the 
world, and is prominent in the export of crude oil. 
In Canada, the energy extractive sector that 
consists of oil, gas, and mining companies is a key 
driver of the Canadian economy [5, 6].  

Owing to a substantial increase in the mining 
activities over the last decades, more attention 
should be devoted to the issues of the sustainability 
of mining activities. A conceptual framework of 
sustainability, called the tripartite model, has been 
introduced. This framework is comprised of three 
dimensions, namely environmental, economic, and 
social dimensions. Based on this model, 
sustainability is achieved if the economic policies 
and strategies are equitable, sufficient social 
welfare is provided, and environmental systems are 
sustainable [3]. As a result, in order to explore the 
notion of sustainability that has a multidisciplinary 
nature, all environmental sciences, social sciences, 
and economic sciences are required to be addressed 
[4]. 

In the mining industry, among the three 
principles of sustainability, namely the 
environmental, economic, and social dimensions, 
dealing with the environmental issues or 
preserving the environment is a top priority [1,2] 
since the environment is adversely affected by the 
mining activities at all stages of mining operations. 
Nowadays, mineral production has reached 
800,000 tonnes of ore per day in a mine [1, 2]. The 
increase in mineral production leads to the 
generation of more waste materials, and 
consequently, more land pollution. The extraction 
of low-grade minerals creates a considerable 
amount of waste materials and tailings. The 
environmental impacts of the exploration stage are 
much less than those of the exploitation stage. 
Similarly, in the production stage, compared with 
ore extraction, mineral processing causes a greater 
and more serious harm to the environment [7]. The 
economic aspect of mining, or mine economy, is 
another significant dimension of sustainability. If a 
proposed mining project is not sufficiently 
profitable, it is not economically reasonable to 
initiate that project. Social issues also play a critical 
role in the success of mining projects during their 
lifecycle. Through mining projects, some local job 
opportunities are provided in the mining areas, 
leading to an increase in the life expectancy of the 
local people. Therefore, knowing how to promote 
mining sustainability is vital for human beings, in 
general, and for those that are involved in mining 
activities in particular. Over the last decades, 
several researchers have drawn their attention to 
the assessment of the sustainability of mining 

projects. In this regard, in 2003, Folchi [8] 
proposed some criteria to rate the sustainable 
development (SD) of mines. In the Folchi 
approach, the score of each criterion, rather than 
that of each component, is calculated in a 10*10 
matrix, and the final score of each component is 
computed by adding up the scores of all the criteria 
of that component. In 2011, Laurence [9] 
propounded a set of criteria for each sustainability 
principle. This large set of criteria provides a 
general framework, based on which, new methods 
of measuring the score of mining sustainability can 
be developed. Using the criteria proposed by 
Folchi and Laurence, some researchers have 
introduced several quantitative methods in order to 
estimate the score of mining sustainability [10-15]. 
Since the Folchi approach does not provide a final 
score for sustainability, Philips (2012, 2013) 
modified it and developed a new method. Also 
some studies undertaken on the mining 
sustainability have only focused on one or two 
principles of SD such as the environment or socio-
economic dimensions [16-25]. Aznar-Sánchez et 
al. (2019) and Asr et al. (2019) have provided a 
comprehensive review of sustainable development 
in mining [26, 27]. Shang in 2019 investigated the 
socio-economic index of sustainability, and found 
that due to the mining activities in Mongolina for 
almost 15 years, the adult literacy and life 
expectancy were promoted by approximately 30% 
and 23%, respectively. However, this socio-
economic progress was accompanied by a sharp 
rise in the environmental pressures between 1987 
and 2015 [28]. In 2018, Cheng et al. examined soil 
contamination caused by heavy metals in the 
mining areas in Greece in the southwest of China. 
Identifying the source of heavy metal pollution in 
reserves is one of the most effective measures to 
prevent the environmental pollution. In their study, 
Cheng et al. took 40 samples from the surrounding 
areas of a lead and zinc mine, and analyzed eight 
elements including arsenic, cadmium, chromium, 
copper, mercury, nickel, and lead. They observed 
that the concentrations of arsenic, cadmium, lead, 
and zinc were higher than the permissible limit, and 
confirmed the negative effects of mining 
operations on the environment. The main sources 
of arsenic, cadmium, copper, lead, and zinc were 
the mining activities, coal particles produced in 
mining processing, and seasonal weather [29, 30]. 

In environmental management, the emphasis is 
laid on determining the potential environmental 
risks and effects and planning how to control them. 
In environmental management, all the issues 
associated with the mining life cycle, mineral 
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processing, and supply chains as well as those 
influencing economy and society are taken into 
account for planning and decision-making. The top 
priority is to protect the natural resources of soil, 
water, and air. In order to preserve the natural 
resources of water, the release of the waste 
materials generated from mining activities into the 
surface and ground waters must not be prevented. 
The separation of acid-creating wastes and the use 
of mine dewatering systems are other effective 
strategies [31-34]. 

Most of the above-mentioned studies have 
merely considered one or two, not all, principles of 
sustainability; for instance, they have investigated 
either the environment or the economic dimension. 
Furthermore, the proposed methods provide no 
upper and lower bands for the sustainability score. 
In order to bridge these gaps, this work aimed at 
developing an approach to assess all the three 
principles of sustainability simultaneously. This 
approach determines not only the sustainability 
score of open-pit mines but also its lower and upper 
bands. As a result, the score obtained from this 
approach reflects the sustainability condition of a 
certain mine with respect to the possible lower and 
upper sustainability bands. In this approach, at 

first, the macro-factors affecting the sustainability 
of open-pit mines are identified and categorized 
into positive and negative factors. Then the 
sustainability score of a mine is measured using a 
scoring approach. In this scoring approach, the 
identified factors are rated based on the conditions 
of the mine. Some major differences between the 
proposed approach and the previous ones are as 
follow: 

1- This approach is simpler and more practical, and 
the junior engineers can use it without much 
difficulty. 

2- This approach includes both the negative and 
positive factors of sustainability. 

3- This approach determines the degree of 
sustainability (unsustainability) and measures 
the sustainability score based on the qualitative 
assessment. 

In order to implement the proposed approach, the 
Angouran lead and zinc mine was chosen for the 
case study analysis. The framework of the 
proposed approach is shown in Figure 1. In the next 
section, a full description of this approach is 
provided. 

 
Figure 1. Framework of the proposed approach. 

2. Methodology 

This paper was designed to develop a new model 
for estimating the sustainability of open-pit mines. 
As mining has both the adverse and desirable 
effects on the surrounding areas, in this work, 
initially, the most significant positive and negative 
macro-impacts of mining activities on SD were 
identified. Then many influential SD factors 

related to each SD principle were extracted from 
the literature review. All these factors were 
categorized into 14 groups as macro-factors. These 
14 macro-factors were further grouped into two 
parts: negative and positive factors. The negative 
factors were those adversely influencing 
sustainability, and the positive factors were those 
positively impacting sustainability. Through these 
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macro-factors, all aspects of mining activities were 
considered in a simpler manner. Each one of these 
macro-factors is discussed below. 

'Production costs' is a negative factor since the 
mine profitability rises when the operating costs 
decline. Generally, with an increase in the capital 
expenditure, the overall production costs reduce. 
Consequently, one way to decrease the adverse 
effects of this factor is to increase the capital 
expenditure. 'Production costs' is categorized as an 
economic factor. 

'Resource depletion' results in the closure of 
mines and the unemployment of miners, and 
therefore, this factor of mining sustainability is 
considered negative. In order to measure its impact 
coefficient, three conditions were considered based 
on the time required for immigrating to a new place 
and finding a new job. 'Resource depletion' is 
associated with the socio-economic factor. 

'Groundwater-surface water interface', as an 
environmental factor, is regarded as a negative 
factor of sustainability because mining can 
contaminate surface water and groundwater. Water 
pollution is a critical issue and leads to major 
problems, and thus it should be identified and 
controlled as soon as possible.  

'Grade-tonnage uncertainty' directly influences 
the mine economy. Mine economy may not be 
desirable when the reserve grade estimation of the 
mine has a high variance. This problem can be 
solved by increasing the existing exploration data 
without considering the computational errors in the 
estimation process. 'Grade-tonnage uncertainty' is 
categorized as an economic factor.  

Dust and gas, especially greenhouse gases, are 
emitted during all stages of mining activities such 
as drilling, blasting, loading, hauling, crushing, 
milling, and ore processing. In order to prevent air 
pollution, all mining sectors should use various 
strategies to control dust and gas emissions to the 
most extent. Some of these strategies are the use of 
renewable energy and the installation of gas 
filtration and water spraying systems in the mining 
processes. The use of water spraying machines is 
an effective way of dust control in mining, and 
enhances the health and safety of people in the 
mines and the surrounding areas. 'Dust-gas 
emission' is considered an environmental factor. 
Figure 2 shows the effect of water spray on dust 
emission. 

  
(a) (b) 

Figure 2. Effect of water spray on dust emission a) Before water spray and b) After water spray 

'Annual waste tonnage production' refers to all 
the waste materials produced in the processing 
stages of mining each year. The waste and tailings 
are among the main sources of environmental 
pollution. Considering the scale of mining, the 
larger the mine is, the more environmental 
pollution it produces. Therefore, three conditions 
were defined for this factor based on the scales of 
mining.  

'Vegetation coverage' is a negative factor as 
mining harms the vegetation coverage of the 
surrounding area of mines. The more the 
vegetation coverage in the area, the greater the 
destructive effect of mining on the ecology of the 
area. Hence, three conditions were considered for 
this factor based on the percentage of vegetation 
coverage [35].  



Pouresmaeili et al Journal of Mining & Environment, Vol. 11, No. 4, 2020 
 

1195 

From an economic perspective, 'income' is one of 
the most important factors that enhance SD. The 
amount of income depends on some elements such 
as the mineral prices and market demands. The 
investors are willing to invest in the mining 
projects whose Internal Rate of Return (IRR) is 
greater than their risk-free rate. With an increase in 
the investments, the total production costs decrease 
and profitability increases. Therefore, 'income', as 
an economic factor, was divided into three 
conditions in terms of the profitability of the 
mining projects.  

'Reclamation', as a progressive activity in mining 
operations, is an essential part of modern mining. 
Through reclamation, the adverse environmental 
impacts of mining and its processing can be 
minimized. Reclamation also has some positive 
social effects, for instance, the restoration of the 
visual beauty of mining areas or the creation of new 
sceneries through landscape reclamation. 
'Reclamation' is an environmental factor. 

One of the most significant social effects of 
mining is the prevention of the local people from 
immigrating to other regions. Mines are usually 
located in remote areas where local people have 
difficulty finding a job. The implementation of 
mining projects in these areas opens up new job 
opportunities for these people. When local people, 
as the potential indigenous labor, are employed in 
these projects, their living condition gets better in 
those areas and they change their minds about 
immigration. Certainly, the larger the business is, 
the more the job positions are. The size of a 
business is determined by the number of workers. 
Thus three conditions were defined for this factor 
based on the scale of business sizes introduced by 
Statistics Canada in 2020 [36]. Having a job with a 
sufficient salary also increases the life expectancy 
of the local people and raises their living standards. 
Training local people improves their skills as well. 
Furthermore, implementing the mining projects 
requires numerous infrastructure and welfare 
facilities that are transferred to the mining areas. 
Accordingly, 'prevention of immigration' was 
divided into three conditions based on the number 
of job positions in the mining projects. Three 
conditions were defined for 'life expectancy' based 
on the regional living standards. 'Prevention of 
immigration' and 'life expectancy' are both 
regarded as the social factors. Additionally, three 
conditions were considered for 'job skill 

development in mining areas' based on the amount 
of time allocated for training local people, and 
three conditions were defined for 'infrastructure 
transfer to mine areas' regarding the existing 
infrastructures in mining areas. Mining has 
different shares of gross domestic product (GDP) 
in different countries. Some countries such as Chile 
have a great contribution of mining to GDP. Since 
in any country, each mine has a small share in the 
GDP of that country, in this work, the ratio of the 
annual mine income to the total mining sector share 
of GDP was used. In this way, the GDP values 
obtained from different scales were adjusted to a 
common scale, which promoted the comparability 
of the total mining shares of GDP. Considering that 
different mines have different values of GDP, 
'GDP share of mining' was divided into three 
conditions.  

The expert opinions are regarded as an effective 
way of SD assessment. In the present work, 12 
mining experts working at university and in the 
industry were selected. A checklist including the 
negative and positive macro-factors of mining 
sustainability was prepared. Then these experts 
assigned a score out of 10 to each factor depending 
on the importance level of that factor. Table 1 
presents the average scores given to the factors by 
the experts. The higher the score of the factor, the 
more important the factor. To weigh these scores, 
Equations 1 and 2 were utilized. The weighted 
importance values of the scores are reported in 
Table 2. The weights of all the scores were chosen 
such that their sum was equal to 100 (Equations 3 
and 4). 

௜݊ݓ =
ܨܰ ௜ܵ

∑ ܨܰ ௜ܵ
௡
௜ୀଵ

× 100 (1) 

௝݌ݓ =
ܨܲ ௝ܵ

∑ ܨܲ ௝ܵ
௡
௜ୀଵ

× 100 (2) 

෍݊ݓ௜
௡

௜ୀଵ

= 100 (3) 

෍݌ݓ௝
௡

௝ୀଵ

= 100 (4) 

where ܰܨ ௜ܵ  is the negative factor score, ܲܨ ௝ܵ  is 
the positive factor score, ݊ݓ௜ is the weighted 
importance values of the negative factors, ݌ݓ௝  is 
the weighted importance values of positive factors, 
and ݊ is the number of factors. 
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Table 1. Importance levels of positive and negative factors influencing mining sustainability.  
Impact Factors Average score 

N
eg

at
iv

e 

Production cost 8.32 
Resource depletion 7.64 

Groundwater-surface water interface 6.7 
Grade-tonnage uncertainty 4.22 

Dust-gas emission 5.3 
Annual waste tonnage production 6.14 

Vegetation coverage 6.3 

Po
si

tiv
e 

Income 9 
Reclamation 7.2 

Prevention of immigration 6.34 
Infrastructure transfer to mine areas 6.9 

Life expectancy  5.7 
Job skill development in mining areas 5.7 

GDP share of mining 8.2 
Note. The average score of each factor reflects the importance level of that factor out of 10 

 

Table 2. Weighted importance values of the factors.   
Impact Factors Weighted importance value 

N
eg

at
iv

e 

Production cost 18.65 
Resource depletion 17.12 

Groundwater-surface water interface 15.02 
Grade-tonnage uncertainty  9.46 

Dust-gas emission 11.88 
Annual waste tonnage production 13.76 

Vegetation coverage 14.12 

Po
si

tiv
e 

Income 18.35 
Reclamation 14.68 

Prevention of immigration 12.93 
Infrastructure transfer to mining areas 14.07 

Life expectancy  11.62 
Job skill development in mining areas 11.62 

GDP share of mining  16.72 
 

The importance level of each factor is the weight 
of that factor in the calculation of the sustainability 
score. Another checklist was prepared for the 
negative and positive factors in order to measure 
the sustainability score (Tables 3 and 4). In this 
checklist, three conditions were defined for each 
factor and a coefficient was given to each 
condition. The coefficients of zero, one, and 0.5 
were assigned to the factors that had the minimum, 
medium, and maximum impacts on the SD of a 
mine, respectively.  

Equations 5 and 6 were used to measure the 
sustainability scores of the negative and positive 
factors, respectively. Then the ultimate 
sustainability score of the mine was computed by 
Equation 7.  

ܰܵ = ෍݊ݓ௜

௡

௜ୀଵ

×  ௜ (5)ܥܰ

ܲܵ = ෍݌ݓ௝

௡

௜ୀଵ

× ௝ܥܲ  (6) 

ܵܵ = ܰܵ − ܲܵ (7) 

where ܰܵ, ܲܵ, and ܵܵ are the negative score, 
positive score, and sustainability score, 
respectively, and ݌ݓ௜ and ݊ݓ௜ are the weighted 
importance values of the positive and negative 
factors, respectively. ܲܥ௝  and ܰܥ௜ are the 
coefficients of the positive and negative factors, 
respectively, and ݊ is the number of factors. 
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Table 3. Sustainability checklist (Negative factors). 
Mine 
score Coefficient Scenarios Factor  No. 

 1 Production costs of the mine are more than the regional mining costs.  
Production 

Cost 1  0.5 Production costs of the mine are approximately equal to the regional mining costs.  
 0 Production costs of the mine are fewer than the regional mining costs. 

 1 
Life of the mine is fewer than 5 years. The employees do not have enough time, 
and they have to make plans to immigrate to a new place and find a new job in the 
near future. 

Resource 
depletion 2  0.5 

Life of the mine is between 5 and 15 years. The employees have enough time, and 
they do not have to make plans to immigrate to a new place and find a new job 
anytime soon. 

 0 Life of the mine is more than 15 years. The employees do not have to make plans 
to immigrate to a new place and find a new job for a long time. 

 1 Groundwater-surface water interface and water pollution are uncontrollable.  Groundwater- 
surface water 

interface  
3  0.5 Groundwater-surface water interface and water pollution are controllable. 

 0 The mine interferes neither with surface water nor with groundwater. 

 1 The grade and tonnage estimation has a large variance and the exploration plan is 
not good at all. 

Grad-tonnage 
uncertainty 4  0.5 Grade and tonnage estimation has a medium variance and the exploration plan is 

not sufficiently good. 

 0 Grade and tonnage estimation has a little variance and the exploration plan is 
sufficiently good. 

 1 The mine and mill are not equipped with water spraying and gas filtration systems. 

Dust-gas 
emission 5  0.5 The mine and mill are equipped with a few water spraying and gas filtration 

systems. 

 0 The mine and mill are fully equipped with water spraying and gas filtration 
systems. 

 1 Annual tailing and stripped waste tonnage is greater than 5 million tonnes per year. 
Annual waste 

tonnage 
production 

6  0.5 Annual tailing and stripped waste tonnage is between 1 and 5 million tonnes per 
year. 

 0 Annual tailing and stripped waste tonnage is less than 1 million tonnes per year. 
 1 Vegetation cover scale is more than 60%. 

Vegetarian 
coverage 7  0.5 Development of vegetation is moderate; the vegetation cover scale is 20%-60%. 

 0 Development of vegetation is low; the vegetation cover scale is less than 20%. 

 

3. Sustainability Assessment of Angouran Lead 
and Zinc Mine using Proposed Approach 

The Angouran lead and zinc mine, as one of the 
oldest mines in Iran, is situated in the west part of 
the Zanjan province (Iran). To be exact, it lies 90 
km west of the Zanjan city and 450 km northwest 
of Tehran. This mine, as the most prominent zinc 
producer in Iran, has a very high-grade non-sulfide 
Zn-(Pb–Ag) deposit. This deposit has a valuable, 
albeit intact, sulfide orebody. This mineral deposit 
possesses three main layers of oxide ores, sulfur 
ores, and mixed sulfide-oxide ores. The oxide ores 
and sulfur ores are in the upper and lower layers of 
the deposit, respectively, while the mixed sulfide-
oxide ores are in the intermediate layer. In a study 
undertaken in 1999, it was found that the non-
sulfide ore layer consisted of a resource of 14.6 Mt 

at 22.6% Zn and 4.6% Pb, and the sulfide ore layer 
comprised a resource of 4.7 Mt at 27.7% Zn, 2.4% 
Pb, and 110 (g/t) Ag using a cut-off grade of 4% 
zinc. This deposit is one of the most remarkable 
mineral deposits in the world regarding the ore 
quality. Figure 3 illustrates the location of the 
Angouran mine.  

The proposed approach was used to determine 
the sustainability score (ܵܵ) of this mine. The two 
developed checklists were completed by the 
experts, and the gathered data were analyzed in 
order to calculate the sustainability score (ܵܵ) and 
determine how much this mine aligned with the SD 
principles. The conditions, relevant coefficients, 
weighted importance values, and sustainability 
scores of the negative and positive factors are 
presented in Tables 5 and 6, respectively.  
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Table 4. Sustainability checklist (Positive factors). 
Mine 
score Coefficient Scenarios  Factor No. 

 1 IRR of the mining project is positive and more than the risk-free rate. 

Income 1  0.5 IRR of the mining project is positive and less than the risk-free rate. 

 0 IRR of the mining project is negative. 
 1 Progressive reclamation plan has been implemented since the first stage of mining. 

Reclamation  2  0.5 Progressive reclamation plan is implemented but it is behind schedule. 

 0 No reclamation plan is made. 

 1 The mining project is a large-sized business with more than 500 job positions. 
Prevention of 
immigration 3  0.5 The mining project is a medium-sized business with 100 to 499 job positions. 

 0 The mining project is a small-sized business with fewer than 99 job positions. 

 1 There is no infrastructure in the mining area and the mining sector constructs all the 
required infrastructures. 

Transfer 
infrastructure to 

mining areas 
4  0.5 There are a few infrastructures in the mining area and the mining sector constructs other 

required infrastructures. 

 0 All the required infrastructures are available in the mining area and the mining sector 
uses those infrastructures. 

 1 Employees' salary is higher than the regional standard wage and their lifestyle is above 
the baseline of the regional standards of living. 

Life expectancy 5  0.5 Employees' salary is equal to the regional standard wage and their lifestyle is at the 
baseline of the regional standards of living. 

 0 Employees' salary is lower than the regional standard wage and their lifestyle is below 
the baseline of the regional standards of living. 

 1 An extensive amount of training is provided to the workforce. 
Job skill 

development in 
mining areas 

6  0.5 A limited amount of training is provided to the workforce. 

 0 Training is not provided to the workforce, and skilled workers are hired from other 
areas. 

 1 The mine has a share of more than 0.5% of the country's GDP. 
GDP share of 

mining  7  0.5 The mine has a share of 0.1 to 0.5 percent of the country's GDP. 

 0 The mine has a share of less than 0.1% of the country's GDP. 

Table 5. Angouran sustainability checklist (negative factors). 
Sustainability 

score  
࢏࢔࢝) ×  (࢏࡯ࡺ

Weighted 
importance 
value (࢏࢔࢝) 

Coefficient 
 .Condition Factor  No (࢏࡯ࡺ)

0 18.65 0 Production costs of the mine are less than the 
regional mining costs. Production cost 1 

8.56 17.12 0.5 

Life of the mine is between 5 and 15 years. 
The employees have enough time, and they do 
not have to make plans to immigrate to a new 
place and find a new job anytime soon. 

Resource 
depletion 2 

0 15.02 0 The mine interferes neither with surface water 
nor with groundwater. 

Groundwater-
surface water 

interface 
3 

4.73 9.46 0.5 
Grade and tonnage estimation has a medium 
variance and the exploration plan is not 
sufficiently good. 

Grade-tonnage 
uncertainty 4 

11.88 11.88 1 Mine and mill are not equipped with water 
spraying and gas filtration systems. 

Dust-gas 
emission 5 

13.76 13.76 1 Annual tailing and stripped waste tonnage is 
greater than 5 million tonnes per year. 

Annual waste 
tonnage 

production 
6 

0 14.12 0 Development of vegetation is low; the 
vegetation cover scale is less than 20%. 

Vegetation 
Coverage 7 

38.93 Total negative score 
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Figure 3. Location of the Angouran lead and zinc mine. 

Table 6. Angouran sustainability checklist (positive factors). 
Sustainability 

score  
࢐࢖࢝) ×  (࢐࡯ࡼ

Weighted 
importance 
value (࢐࢖࢝) 

Coefficient 
 (࢐࡯ࡼ)

Condition Factor No. 

18.35 18.35 1 IRR of the mining project is positive and 
more than the risk-free rate. Income 1 

7.34 14.68 0.5 Progressive reclamation plan is implemented 
but it is behind schedule. Reclamation 2 

12.93 12.93 1 The mining project is a large-sized business 
with more than 500 job positions. 

Prevention of 
immigration 3 

14.07 14.07 1 
There is no infrastructure in the mine area and 
the mining sector constructs all the required 
infrastructures. 

Infrastructure 
transfer to 
mine areas 

4 

11.62 11.62 1 
Employees' salary is equal to the regional 
standard wage and their lifestyle is at the 
baseline of the regional living standards. 

Increase in life 
expectancy  5 

5.81 11.62 0.5 A limited amount of training is provided to 
the workforce. 

Job skill 
development in 

mining areas 
6 

16.72 16.72 1 The mine has a share of more than 0.5% of 
the country's GDP. 

GDP Share of 
mining  7 

86.84 Total positive score 
 
The total negative score was computed by adding 

the scores of the negative factors (Table 5). 
Likewise, the total positive score was measured by 
adding the scores of the positive factors (Table 6). 

Ultimately, Equation 7 was used to estimate the 
final sustainability score. As shown in Table 7, ܵܵ 
of the Angouran mine was 47.91. 
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Table 7. Total negative score, total positive score, and 
sustainability score of Angouran lead and zinc mine. 

Score Formula Value 

Total negative 
score ܰܵ = ෍ݓ ௜݊

௡

௜ୀଵ

 ௜ 38.93ܥܰ×

Total positive 
score ܲܵ = ෍݌ݓ௝

௡

௜ୀଵ

×  ௝ 86.84ܥܲ

sustainability 
score (ࡿࡿ) ܵܵ = ܰܵ −ܲܵ 47.91 

 
4. Results and discussion 

In this paper, a simple and practical approach was 
proposed for assessing the mining sustainability. 

The sustainability scores a range from -100 to +100 
in this approach. In the worst-case scenario, all the 
positive and negative factors have values of zero 
and 1, respectively, and the sustainability score is -
100. Conversely, in the best-case scenario, all the 
positive and negative factors have values of 1 and 
zero, respectively, and the sustainability score is 
+100. Figure 4 shows the score range of 
sustainability. If the sustainability score of a mine 
falls within the red and yellow areas, the mine has 
an unsustainable condition. This state highlights 
the need for the revision of the effective positive 
and negative factors to enhance the sustainability 
of the mine. If the score of a mine is within the 
green area, the mine is sustainable, and to enhance 
this state and increase the sustainability score of the 
mine, the influential factors can be modified.  

 
Figure 4. Range of mining sustainability scores.  

The sustainability score of the Angouran mine 
(+47.91) is within the green area, indicating the 
sustainable condition of this mine.  In order to 
improve its condition based on the SD principles, 
we should use effective strategies, for instance, 
conducting research on how to lessen the 
production costs and spending part of the income 
on making more exploration planning activities. 
The latter strategy may increase the life of the 
mine; nonetheless, it probably diminishes its grade-
tonnage uncertainty. As another strategy, when the 
open-pit mine interferes with surface water or 
groundwater, the contaminating materials should 
be released in the areas far from these waters and 
the mining area should be constantly dried using 
proper drainage systems. Furthermore, the use of 
suitable and practical restoration plans can solve 

the issues associated with vegetation coverage and 
the scales of mining. Making efficient reclamation 
plans, training the workforce, increasing the 
income, and judiciously spending the income can 
increase the sustainability score of the Angouran 
mine. 

5. Conclusions 

Although the mining activities harm the 
environment, it develops the social and economic 
aspects of the human societies; consequently, the 
sustainability of mining activities is a critical issue. 
Numerous studies have been conducted to assess 
the sustainability of mining activities, and various 
approaches have been propounded to assess the 
sustainability of mines. Most of these approaches 
are difficult to implement. Unlike these 
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approaches, the approach developed in this paper is 
simple and practical. Despite a surge of studies on 
the role of mining activities in the SD principles, 
just a handful of them have been undertaken on 
computing the score of sustainability development. 
In order to contribute to this line of research, this 
work developed a semi-quantitative approach to 
measure the open-pit mine sustainability score. In 
this approach, initially, the positive and negative 
macro-factors were identified and the importance 
levels of factors were estimated based on the 
comments and scores of some experts. Then two 
checklists for the negative and positive factors 
were formed and administered to the experts. 
Finally, the sustainability score of the mine was 
calculated using the importance levels of the 
factors and the coefficients obtained from the 
checklists. The obtained score ranged from -100 to 
+100. The easy implementation of this approach 
and the inclusion of all three dimensions of 
sustainable development were the two major 
advantages of this approach. The Angouran lead 
and zinc mine was selected to be analyzed. The 
results obtained reveal that this mine with a 
sustainability score of +47.91 is moderately 
sustainable (Figure 4). This score can increase 
through the modification of some factors such as 
the positive factors 2 and 6 and the negative factors 
5 and 6. 
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  چکیده:

است و  یو اجتماع ي، اقتصادیطیمح ستیمعدن شامل ابعاد زدر  يداری. پاکاري را به خود اختصاص داده استدر صنعت معدن يادیتوجه ز امروزه توسعه پایدار
به روشی نیاز معدن،  کی يداریپا امتیاز يریاندازه گ ي، برانیشود. بنابرایحاصل م در معدن داری، توسعه پاابدی ارتقاابعاد به صورت متعادل  نیکه همه ا یهنگام

 نیاند. با اشده جادیا يمعدنکار يهاتیفعال ي درداریپا امتیازمحاسبه  يبراها روشاز  ی. برخاست که تمام جوانب این ابعاد در معدنکاري را مورد ارزیابی قرار دهد
در شکاف،  نیدهند. به منظور پر کردن ایرا پوشش نم یو اجتماع ي، اقتصادیطیمح ستیز يهاهمه جنبه گرید یهستند و برخ دهیچیپ اریاز آنها بس یحال، برخ

و مثبت  یمنف رگذاریتأث کلیعامل  14، ابتدا روش نیشده است. به منظور توسعه ا پرداخته معدن يداریپا امتیاز نییتع يبرا یعمل روش کی یمعرف این مقاله به
 دو مثبت ساخته ش یعوامل منف يبرا ستیشد. دو چک ل تعیین نظر خبرگانعوامل بر اساس  میزان اهمیت اینشدند. سپس  ییمعادن روباز شناسا يداریدر پا

 امتیاز در این روشعوامل محاسبه شد. دامنه  تیاهم زانیها و مستیچک ل نیبا استفاده از ا يداریپا امتیاز. (یکی براي عوامل مثبت و دیگري براي عوامل منفی)
 91/47نگوران امعدن  يداریپا امتیازانتخاب شد.  انگوران به عنوان مطالعه موردي ي، معدن سرب و رويشنهادیپ روش يبه منظور اجرا + است.100 و -100 نیب

  .ابدی شیاز عوامل افزا یاصلاح برخ قیتواند از طریمپایداري  ازیاست. امت ي مناسبیداریپا طیشرا يمعدن دارا داد+ بود که نشان 

  امتیاز پایداري، معدن روباز، توسعه پایدار، عوامل کلی. کلمات کلیدي:
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