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Stakeholders and Criteria on a Mining Project using 
AHP and Entropy-Weight Methods 

           Solange Ríos, Alexi Delgado 

Abstract: The abidance and evolution of mining industry for 
the Peruvian government is of great relevance nowadays, due to 
the economic impact, this entails in order to increase the gross 
domestic product and reduce the poverty index. Nevertheless, in 
the last few years this production sector suffered numerous 
problems because of the complicated social relationships with the 
rural communities near the mining projects.  The purpose of this 
study is to analyze the probability of a social conflict due to the 
appearance of a mining project in Macusani (Puno-Peru), using 
the AHP (Analytic Hierarchy Process) methodology to evaluate 
the stakeholders and the entropy-weight method for the criteria. In 
order to accomplish the evaluation, we interview seven experts in 
community relationships that gave us their perspectives through 
the polls.  In terms of results, we determine that the stakeholders 
in order of importance were communal authorities, alpaca 
livestock, local and regional government, farmers and merchants. 
By the other hand, the strongest variables in a social conflict were 
pollution, poverty level, employment, health, economy, water 
access and security. The analysis of this case of study can improve 
new innovative techniques to affront the potential appearance of a 
social conflict, in order to create a social responsibility awareness. 
This can generate a positive impact expressed in benefits for the 
local communities, the government and the enterprise. 
 

Keywords: AHP, Entropy-weight, Lithium Mining project, 
Stakeholders, Social Conflict.  

I. INTRODUCTION 

The social factor is becoming more important for the 
development of a mining project. Currently, one of the 
biggest obstacles that mining companies must overcome is 
the social factor since it is the most difficult to predict and, 
therefore, to control. This is basically due to the difference in 
worldviews that both the rural sector and the urban sector 
have. This difference is most evident when it comes to 
gaining access to the surface terrain. This permission may be 
inconvenient if not obtained, as "one of the fundamental 
challenges for mining projects is to secure the consent of 
local communities for future access to land, and to minimize 
the community's exposure to business uncertainty" [1]. 
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It is essential that there is a predisposition for understanding 
and tolerance on both sides, which could be achieved by 
implementing an active and assertive dialogue. Such 
dialogue would be feasible if there is a prior study of 
everything that encompasses the community. For instance, 
the analysis of traditions, customs celebrations, main 
economic activity, levels of poverty and education, among 
others.  
All this information is necessary as it is an effective means of 
rapprochement that will help to carry out assertive dialogues 
[2].  “Stakeholder analysis is a process that seeks to identify 

and describe the interests and relationships of all the 
stakeholders in a given project” [3]. In general, this analysis 
is a necessary precondition to participatory planning and 
project management. For this reason, it is very important, in 
the planning stage, to determine the different existing 
stakeholders in the communities and the variables that could 
affect each one of them. 

The present scientific article, seeks to accurately identify 
the above mentioned using a quantitative method. Among the 
possible methods to use, we can mention the application of 
Delphi method [4] , AHP method and FAHP method [5], 
Grey Systems [6], Shannon entropy [7], Machine Learning 
[8], among others. These methods make it possible to 
quantify the data obtained from qualitative research, this is 
because “qualitative data are presented in the form of 

responses to standardized questionnaires” [9]. 
In this way, we can mention some social cases in which these 
methods were applied. It is important to mention that many of 
them were not linked to mining. For example, in the 
international framework, we can mention a study carried out 
in an exploration of hydrocarbons in the Gulf of Valencia, 
Spain [10]. In this study, the use of ultrasound technology 
was proposed to determine the existence of hydrocarbon 
deposits in the subsoil. This proposal would generate an 
environmental impact, which is why Shannon's entropy was 
implemented with the objective of conducting environmental 
conflict analysis (ECA). 

On the other hand, in the national context, there is a 
research carried out for the Conga Project in Cajamarca, in 
which the entropy of Shannon and the grey clustering method 
were implemented to determine the ECA and the social 
impact assessment (SIA), respectively. This study proved the 
efficiency of combining both methods for the evaluation of 
socio-environmental conflicts, since it provides very detailed 
results regarding the variables that are used for their 
resolution [11]. 
The case study for this article was the new lithium and 
uranium project, Macusani, which is located in the province 
of Carabaya, district of Macusani in Puno department, Peru.  
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This project is in the exploration stage, and with only 15% of 
the surface drilled, 2.5 million tons of lithium and 124 million 
pounds of uranium have been confirmed, that is why this 
project is heading to be the largest lithium mine not only in 
South America but in the world [12]. On the other hand, the 
company Plateau Uranium highlights the importance of the 
social aspect in an official document published by them, in 
which it says that " the Social Licence represents the most 
important step in any exploration and/or development mining 
project in Peru" [13], for this reason " the relationships with  
the Local Communities must be of a permanent nature with 
implementation as per signed and negotiated agreements " 
[13].  
For this study, it was essential to identify the economic 
activities developed in the area of impact of the project. For 
example, among the most important, we can mention alpaca 
breeding, agriculture and tourism. All these activities involve 
groups of people who could be affected by the Macusani 
Project. In order to determine the stakeholders and the 
variables that could affect them, mathematical methods were 
used that can convert qualitative data into quantitative data. 
In this case, the method chosen to determine the Macusani 
district´s stakeholders was AHP method, since it allowed us 
to "combine all the judgments or opinions in a whole, in 
which the alternatives are organized from the best to the 
worst" [14]. Thus, this method was based on the evaluation of 
alternatives (taking into account various criteria) and on the 
fact that the experience and knowledge of the experts 
reflected in the surveys had the same predominance as the 
data used in the process [15]. It is important to mention that 
this method used matrices and the Saaty scale, which 
provided a more complex and precise analysis than would 
have been obtained if a qualitative method had been used. 
On the other hand, thanks to the entropy-weight method, an 
ordering of alternatives was obtained for the general 
variables that could affect these stakeholders. This 
methodology consists of a sequence of steps to determine the 
entropic weights of the criteria. This was made with the 
purpose of ranking the variables through the multiplication of 
matrices. Additionally, the surveys were applied to the same 
experts and using the same Saaty scale [16]. 
The objective of this paper was to determine both the most 
important stakeholders and the variables that affect them 
using the AHP method and the entropy-weight method.  

In order to achieve this, it was necessary to carry out some 
previous steps (specific objectives) such as, for example, 
reviewing the existing literature of all possible 
methodologies that could be applied, surveying the experts 
and applying the two methodologies selected for the 
hierarchy of stakeholders and variables.  

The paper will present the following structure; first, in 
Section 2, both methods will be developed in a specific way, 
in order to understand its methodology. In addition, in 
Section 3, the mining project that was developed in the case 
study will be explained, along with its possible stakeholders 
and variables. Subsequently, the results obtained will be 
discussed in Section 4, in order to interpret them correctly 
and make conclusions in Section 5. 

II.  METHODOLOGY 

The methodologies to be used were AHP for the hierarchy 
of the stakeholders, and the entropy-weight method for the 
hierarchy of the variables. 
It is important to mention that a total of seven experts (E1, 
E2, E3, …, E7) in topics related to environment, engineering, 

mining and sociology of Peru participated. This very varied 
set of experts was very beneficial for our research work, as it 
allowed us to obtain more objective and real results. 
2.1.  Analytic Hierarchy Process (AHP) 
The AHP (Analytic Hierarchy Process) method was applied 
to rank the stakeholders and from there, work only with the 
five most important. This method is based on the evaluation 
of alternatives, taking into account several criteria, which are 
based on the fact that the experience and knowledge of the 
participants enjoy the same predominance as the data used in 
the process [17]. The values given come from the Saaty scale 
[14]; this scale was adapted to this social context and its 
structure can be seen in Table 1. 
 

    Table 1. Scale of Saaty [18] 

 
This study was worked with 7 alternatives (represented by 
stakeholders) and four criteria. The steps followed in this 
methodology (AHP) are detailed below [14]: 
 
Step 1: Criteria Comparison 
A criteria comparison matrix was developed with the 
following structure [14]. This matrix is shown in Equation 1. 
 

       

        

          

    
            

                (1) 

 
The sequence of this step is as follows: 
-Add the values in each column of the criteria comparison 
matrix  
-Divide each element of such matrix between the total of its 
column; the resulting matrix is called the normalized paired 
comparison matrix. 
-Calculate the average of the elements of each region of the 
relative priorities of the elements that are compared. 
The purpose of these four steps is the following matrix in 
Equation 2 [14]: 

                

   
  

 

 
  

 

                                      (2) 

 
Where m is the number of criteria and P'j is the priority of 

criterion j with respect to the overall goal, for j = 1, 2, ..., m. 
In this case, the criteria, as investigated, were four. 
 
Step 2: Stakeholders vs. 
Criteria comparison 

Value of ajn Interpretation 
1 
3 
5 
7 
9 

j and k are equally important 
j is slightly more important than k 
j is more important than k 
j is strongly more important than k 
j is absolutely more important than k 
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The alternative comparison matrix is developed and steps 2, 3 
and 4 are also applied [14]. 
Subsequently, the sequence of this step is as follows:                                               
-A matrix of priorities is obtained for each alternative 
according to the criteria, as observed in Equation 3 (Annex), 
in which Pij is the priority of stakeholder "i" with respect to 
criterion "j". 
 

 

    

          

          

    
          

                (3) 

 
Where Pij is the priority of alternative i with respect to 

criterion j, for i = 1, 2, ..., n; and j = 1, 2, ..., m. 
-We make a sum-product between the priorities matrix with 
the criteria priorities vector [14]. The above mathematical 
operation is shown in Equation 4. 
 

 

          

          

    
          

  

  
 

  
 

 
  

 

    

   

   

 
   

              (4) 

 
Where     is the global priority (with respect to the global 

goal) of the alternative i (i = 1, 2, ..., n). 
 
Step 3: Consistency 
The AHP offers a method to measure the degree of 
consistency between the paired opinions provided by the 
decision maker. If the degree of consistency is acceptable; 
you can continue with the process. The steps are the 
following: 
-Matrix A nxn of paired comparisons is normalized. 
-The rows of the normalized matrix are weighted. 
-We produce a product of matrices between the matrix A and 
the weighted one (matrix P) [14].  This matrix multiplication 
is shown in Equation 5. 
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-The column of the criteria priority matrix is added; this 
result is called nmax. 
- The consistency index is found with the following Equation 
6 [14]. 
 

                                     
      

   
                                (6) 

Where n is the number of criteria 
 

-The random consistency index has the following equality, as 
shown in Equation 7 [14]. 
 

                             
         

 
                               (7) 

-The consistency ratio is found with the following Equation 8 
[14]. 
 

   
  

  
                           (8) 

If: 

RC ≤ 0.10: reasonable consistency 
RC > 0.10: Inconsistency 

 
2.2. The Entropy-Weight Method 

The entropy-weight method can be developed as follows: 
It is necessary for this process to use this scale to standardize 
the answers of the surveyed. 
Step 1: Assume that there are m objects for evaluation and n 
evaluation criteria, which form the decision matrix Z = (z  ; 
 =1, 2, …,  ;  =1, 2, …,  ) [19]. 
Step 2: The decision matrix  = {   ;  =1, 2, …,  ;  =1, 2, …, 

 } is normalized for each criterion Cj (j=1, 2, ..., n). The 
normalized values     are calculated by the next Equation 9 
[20]. 

                                             
   

    
 
   

                       (9)   

Step 3:  The entropy Hj of each criterion Cj is calculated by 
the next Equation 10. 
 

                                          
 
                      (10) 

where k is a constant. k=  log m )
-1 

Step 4: The degree of divergence divj of each criterion Cj is 
obtained by the next Equation 11: 
 

                               (11) 
Step 5: The entropy weight Wj of each criterion Cj is 
calculated by Equation 12: 

                        
    

     
 
   

                         (12) 

Step 6: The matrix     is obtained with Equation 13 that 
indicates the weight that each variable has within each 
criterion. 

                                                            (13) 
Step 7: Finally, each column is added to obtain the total 
weight of each variable and be able to compare with the 
others. 

III. CASE STUDY 

The case to be developed focused on the Macusani mining 
project, located in Puno (see Fig. 1). This project is a lithium 
and uranium deposit, which is projected to be one of the 
largest in the world due to its high metallic content.  Below is 
the exact location of this project [21]: 
 

 
Fig. 1. Macusani Project´s Locality plan [21]  
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Eight stakeholders and ten variables were obtained from the 
literature, of which only the five stakeholders and seven most 
important variables were determined thanks to the 
application of the mathematical models AHP and 
entropy-weight. 

Next, stakeholders and variables that were analyzed are 
explained.  

 
3.1. Stakeholder groups 

According to the literature, and to the research conducted on 
economic activities and the main sources of income for the 
Macusani community, the eight stakeholders would be the 
following: 

 
3.1.1. Alpaca´s herdsmen (G1) 
One of the most important economic activities in the 
Macusani region is the livestock of alpacas and llamas 
(mostly alpacas). 
 
3.2.2. Local and regional government (G2) 
The provincial municipality of Carabaya (whose capital is 
Macusani) presents a structural organization, whose 
representative is Mayor Fabio Vargas Huamantuco. This 
institution uses a web page as a tool to motivate direct 
interaction with its population. 
 
3.2.3. Communal authorities (G3) 
This group was composed of citizens from the rural areas 
near the exploitation site, there are three very important 
communities identified by the company, which are 
Tantamaco Community, Isivilla Community and Corani 
Community [13].  
 
3.2.4. Farmers (G4) 
Agricultural activity continues to be of vital importance for 
rural areas. For this reason, it is very important to identify the 
people who grow the main products for the region, such as 
potatoes, alfalfa and oats [22]. 
 
3.2.5. People who live on tourism (G5)   
Since there are many lakes around the zone, many people 
make their living by the tourism income. 
 
3.2.6. Merchants (G6) 
Due to the diverse agricultural products that the community 
owns, such as potatoes, people see trade as a main activity 
that generates a monthly income. 
 
3.2.7. Women Spinners (G7) 
Thanks to the breeding of alpacas in the area, women see an 
opportunity the spinning mill and the tissues for general a 
secondary income.  
 
3.2.8. Local professionals (G8) 
They are people who reached a certain level of higher 
education and work in jobs with major responsibilities.  
 

3.2. Variables 
The variables were selected according to the most common 
problems that a region in the country can go through. Thus, 
the effect that the project would have on the locality can be 
measured in more real parameters. 
 

3.2.1. Security (V1) 
The integration of a new project generates new jobs, direct or 
indirect. It also generates many related activities that support 
mining activity. For this reason, the population is exposed to 
possible dangers due to the new social environment, which is 
composed of new foreign settlers. 
 
3.2.2. Employment (V2) 
The generation of jobs at the arrival of a new project is a 
reality. This can be a favorable variable for many of the 
stakeholders, since, according to the national household 
survey, the inactivity rate for Puno is 21.8% [23] .  
 
3.2.3. Health (V3) 
In Puno, 31.92% of children die from infections in the 
respiratory tract. This is due to the extreme cold that exists in 
that area of Peru. Health, in children, adolescents and the 
elderly, is a factor of great importance and urgency in the 
region, which is expected to improve. 
 
3.2.4. Poverty level (V4) 
In the department of Puno, the rural population represents 
46.2% [23]. Likewise, Puno is part of the Peruvian highlands, 
and according to statistics, the rural highlands have a 49.8% 
poverty, higher than the 21.6% that Peru presents as a country 
[22]. Therefore, the arrival of a new project could have a 
positive impact on the economy of the region, thereby 
reducing poverty rates. 
 
3.2.5. Education level (V5) 
This is an important factor because, in 2017, the illiteracy rate 
in Puno was 10.5% [23], higher than the 9.2% presented in 
2016 [22]. On the other hand, if one analyses the illiteracy 
rate by sex in the last 10 years in Puno, the percentage of 
illiterate women is approximately four times higher than that 
of men. Thus, the percentage of illiterate women and men 
was 15% and 3.6%, respectively in 2017 [24].  
 
3.2.6. Water access (V6) 
Since Macusani is very close to the Madre de Dios basin, 
access to water by the mine would be a latent problem for the 
community, since a tension relationship would be established 
in case some body of water could be damaged by mining 
activities. 
 
3.2.7. Pollution (V7) 
Predominant variable in all mining projects to be established 
in any region. The project has high contents of uranium, a 
radioactive element, and currently, there is no legislation in 
Peru to control its extraction. It is for this reason that this 
variable can be fundamental for the social viability of the 
project because there is still not enough information about the 
effects that uranium and lithium have on the environment. 
 
3.2.8. Cultural Difference (V8) 
One of the inevitable consequences of a mining project in the 
communities is the arrival of foreign people. A clear example 
of this is the growth of social demands generated in a 
community due to the increase of its population, which 
generates pressure on the health sector and infrastructure 
systems [25]. 
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The lifestyle of local people is going to undergo a 
transformation, this change "creates concern, fear, hopes and 
expectations and not everyone shares the same perspective, 
some people feel they are losing out, while others see new 
opportunities" [26] . In this way, a division can be generated 
in the community itself between those who are in favour of the 
mining project and those who are against it. 
 
3.2.9. Economy (V9) 
Mining activity does not necessarily bring about economic 
progress due to external factors that do not depend on it. In 
Peru, mining companies tax about 40% of all their utilities. In 
spite of this, poor institutionality causes distribution 
problems, which remains one of the fundamental causes of 
conflicts between mines and communities [27]. For this 
reason, it is important to identify the economic activities of 
the place in order to promote it and make them grow with the 
help of the state. It is extremely important that action plans are 
managed, as any lack of action can have adverse consequences. 
For example, the rental price of properties is likely to increase 
or transport lines are likely to become congested due to the 
completion of the mining project. This can lead to those who do 
not have the education or skills to participate in the boom 
being left behind [26]. For this reason, these action plans 
should strengthen local businesses and economies by involving 
active community participation [28].  The above will generate 
positive attitudes on the part of the community and, as a 
consequence, support for mining projects in the area. 
 
3.2.10. Technological development (V10)  
Lithium has become an essential element for current 
technological development, mainly in the field of the 
automotive industry. Thanks to it, the country of Bolivia is 
one of the centers of attention of the world-wide industry 
[29]. 
Through the extraction of lithium, one of the achievements of 
the government of Evo Morales in Bolivia is the 
technological evolution. This is because the policy promoted 
by the president strengthens the local economy of his 
country, a clear example of this is the inauguration of the first 
pilot plant of lithium-ion batteries located in the town of La 
Palca in 2017 [30]. This could be replicated in Puno and, in 
this way, it could become the leading department not only in 
poverty reduction, but also in technological advancement. 
 

 
3.3. Criteria 

The criteria were selected according to the parameters 
established for the project. That is, taking into account the 
main activities, stakeholders, etc. 
 
3.3.1. Magnitude of social impact (C1) 
The magnitude of the social impact implies the dimension 
that this could have, in case it is materialized, the level of 
violence that it can generate, the material damages, human 
losses, etc. 
  
3.3.2. Extension (C2) 
This criterion explains the arrival of the impact. It can be 
local, regional, even national. According to the magnitude of 
it. 
 
3.3.3. Probability (C3) 

The probability that a social conflict will occur according to 
each variable and stakeholder, according to the impact that 
the project has on them. 
 
3.3.4. Governance (C4) 
How a possible social conflict can impact on the 
governmental system of the locality, of the region; even of 
the country. 
 

3.1. Calculations 
 

Following the steps described in the methodology point, 
one of the examples developed using the AHP method and 
the entropy-weight method will be explained. 
 
A. THE AHP METHOD 
 
Step 1: Criteria Comparison 
From the surveys conducted and the sequence in Step 1, the 
criteria comparison matrices were obtained for each expert. 
For example, in Table 2, the matrix carried out for expert E3 
is shown. 

 
Table 2. Criteria Comparison Matrix, expert E3 

CRITERIA COMPARISON MATRIX 

CRITERIA  C1  C2 C3 C4 STANDARDIZED MATRIX WEIGHT 

C1 1 5 9 3 0.608 0.536 0.5 0.662 0.576 

C2  1/5 1 3 0.333 0.122 0.107 0.167 0.074 0.117 

C3  1/9  1/3 1 0.2 0.068 0.036 0.056 0.044 0.051 

C4  1/3 3 5 1 0.203 0.321 0.278 0.221 0.256 

TOTAL 1.644 9.333 18 4.533           

 
It should be noted that the experts surveyed were seven, so 
this matrix was carried out seven times. 
 
Step 2: Stakeholders vs. Criteria comparison  

By means the same scale, the stakeholders were compared 
for each established criterion. This is, according to each 
criterion, there was a matrix comparing the stakeholders 
among them and the same sequence as the previous step was 
performed. 

Finally, for example, after applying Equation 4, the 
stakeholders prioritization matrix for expert E3 was obtained, 
this matrix is shown in Table 3. 
 

Table 3. Stakeholders Prioritization Matrix, expert E3 
stakeholder 

/criteria 
C1  C2 C3 C4 PRIORITIZATION 

G1 0.307 0.18 0.281 0.256 0.278 

G2 0.107 0.169 0.145 0.151 0.128 

G3 0.155 0.268 0.193 0.255 0.196 

G4 0.068 0.081 0.122 0.13 0.088 

G5 0.094 0.066 0.076 0.057 0.08 

G6 0.088 0.036 0.066 0.051 0.071 

G7 0.102 0.144 0.088 0.063 0.096 

G8 0.079 0.056 0.03 0.036 0.063 

WEIGHT 0.576 0.117 0.051 0.256 
  

By obtaining the prioritization of each stakeholder, it is 
possible to choose the five most important, according to this 
expert E3. Thus, in this case, the hierarchical order of the five 
main stakeholders was as follows: alpaca’s herdsmen, 
communal authorities, local and regional government, 
women spinners and farmers. It is important to mention that 
seven different prioritization matrices were obtained for each 
expert surveyed. 
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 In this way, in order to know the final hierarchical order of 
the stakeholders , the average of all priority values was 
obtained. 
Step 3: Consistency 
In order to corroborate that the experts did not contradict each 
other during the conduct of the surveys, the Consistency 
Ratio (RC) for each of them was determined. For example, 
after applying Equations 5, 6, 7 and 8, an acceptable 
consistency ratio was obtained for expert E3, which is shown 
in Table 4. 
 

Table 4. The Consistency Ratio, expert E3 

 
A X P 

  

 
2.386 IC 0.038 

 
0.470 IA 0.990 

 
0.205 RC 0.038 

 
1.053 

  
n max 4.114 

   
From Table 4, the RC=0.038 < 0.10; therefore, the matrix 

was consistent. The same procedure was developed for seven 
experts. 
 
B. THE ENTROPY-WEIGHT METHOD  
 
Step 1: Variable vs. Criteria comparison  

By means of the same scale, all the proposed variables 
were compared with each criterion. Hence, according to the 
importance that each variable has according to each criterion, 
it was given a value for further analysis, see Table 5. 
 

Table 5. Variable vs criteria comparison matrix, expert 
E3 

Variables/Criteria C1  C2 C3 C4 

V1 3 3 7 7 

V2 5 3 3 1 

V3 5 5 7 5 

V4 1 1 7 5 

V5 1 1 1 1 

V6 1 1 1 1 

V7 1 3 5 7 

V8 5 3 5 7 

V9 3 3 3 5 

V10 3 1 3 1 

SUM 28 24 42 40 

Step 2: Standardized/Normalized matrix  
Once the values for each variable have been obtained, all 

the values are standardized, using Equation 9, as shown in 
Table 6. 
 

Table 6. Variable vs criteria comparison normalized 
matrix, expert E3 

NORMALIZED MATRIX 

Variables/Criteria C1  C2 C3 C4 

V1 0.107 0.125 0.167 0.175 

V2 0.179 0.125 0.071 0.025 

V3 0.179 0.208 0.167 0.125 

V4 0.036 0.042 0.167 0.125 

V5 0.036 0.042 0.024 0.025 

V6 0.036 0.042 0.024 0.025 

V7 0.036 0.125 0.119 0.175 

V8 0.179 0.125 0.119 0.175 

V9 0.107 0.125 0.071 0.125 

V10 0.107 0.042 0.071 0.025 

Step 3: Calculation of entropy  
To calculate the entropy, we proceed to use the Equation 10, 
provided that a value is obtained for each criterion, as shown 
in Table 8. In this case, the value of K was 1. 

 

Table 8. Values of entropy for each criterion, expert E3 
ENTROPY 

C1 0.919 

C2 0.936 

C3 0.932 

C4 0.896 

Step 4: Calculation of divergence 
To calculate the value of the divergence, the Equation 11 was 
used, at each value of entropy previously found, as shown in 
Table 9. 
 

Table 9. Values of divergence for each criterion, expert 
E3. 

DIVERSITY 

C1 0.081 

C2 0.064 

C3 0.068 

C4 0.104 

SUM 0.316 

 
Step 5: Calculation of criteria weight  
To calculate the weight of each criterion, the values of 
diversity should be standardized, using the Equation 12. 
Then, multiply this value by one hundred to obtain a 
percentage as the weight of each criterion. The results are 
presented in Table 10.  

 

Table 10. Values of criteria weight for each criterion, 
expert E3. 

CRITERIA WEIGHT 

C1 25.526 

C2 20.132 

C3 21.51 

C4 32.831 

 
Step 6: The Matrix     

To order the variables according to the prioritization order 
given by the expert, it is necessary to use the Equation 13. 
Multiplying the value granted at the beginning by the expert, 
by the weight of each criterion, the results are presented in 
Table 11.  

Table 11. The Matrix     , expert E3. 
Variables/ Criteria C1  C2 C3 C4 C1  

V1 76.579 60.397 150.571 229.818 517.365 

V2 127.632 60.397 64.53 32.831 285.39 

V3 127.632 100.662 150.571 164.156 543.02 

V4 25.526 20.132 150.571 164.156 360.386 

V5 25.526 20.132 21.51 32.831 100 

V6 25.526 20.132 21.51 32.831 100 

V7 25.526 60.397 107.551 229.818 423.292 

V8 127.632 60.397 107.551 229.818 525.398 

V9 76.579 60.397 64.53 164.156 365.662 

V10 76.579 20.132 64.53 32.831 194.073 

 
Step 7: Prioritization of variables 
Finally, all values are added per variable and a final value is 
obtained, which will represent the importance of each 
variable.  
According to expert E3, the variables with the greatest 
influence in decreasing order would be health (V3), cultural 
difference (V8), security (V1), pollution (V7), economy 
(V9), poverty level (V4) and employment (V2). The above is 
shown in the Table 12. 
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Table 12. Variable prioritization matrix, expert E3 

Variables/ Criteria C1  C2 C3 C4 SUM 

V1 76.579 60.397 150.571 229.818 517.365 

V2 127.632 60.397 64.530 32.831 285.390 

V3 127.632 100.662 150.571 164.156 543.020 

V4 25.526 20.132 150.571 164.156 360.386 

V5 25.526 20.132 21.510 32.831 100.000 

V6 25.526 20.132 21.510 32.831 100.000 

V7 25.526 60.397 107.551 229.818 423.292 

V8 127.632 60.397 107.551 229.818 525.398 

V9 76.579 60.397 64.530 164.156 365.662 

V10 76.579 20.132 64.530 32.831 194.073 

 
It is important to mention that seven different prioritization 

matrices were obtained for each expert surveyed. Thus, in 
order to know the final hierarchical order of the variables, the 
average of all priority values was calculated. 

IV. RESULT AND DISCUSSION 

4.1. Stakeholder analysis 

According to Table 13, the most important stakeholders 
obtained by the application of the AHP method were the 
following: 

 
Table 13.  Stakeholders obtained by the AHP method 

 
Stakeholder Identification 

 
E1 E2 E3 E4 E5 E6 E7 Results 

G3 0.212 0.229 0.196 0.225 0.359 0.200 0.168 0.227 

G1 0.337 0.253 0.278 0.123 0.140 0.149 0.198 0.211 

G2 0.167 0.084 0.128 0.053 0.059 0.299 0.243 0.147 

G4 0.076 0.097 0.088 0.313 0.089 0.102 0.123 0.127 

G6 0.093 0.244 0.071 0.165 0.033 0.078 0.126 0.116 

G7 0.015 0.045 0.097 0.018 0.148 0.035 0.038 0.056 

G8 0.072 0.013 0.063 0.031 0.128 0.017 0.052 0.054 

G5 0.029 0.035 0.080 0.073 0.045 0.048 0.051 0.052 

 
4.1.1. Communal authorities (G3) 
They were the most important in the hierarchy made by the 
AHP method. It is consistent because since for several years, 
mining companies in Puno have sought to work with them 
through workshops on mining, environment, social 
management, sustainable development and investment 
projects [31]. This proves that they are aware of the influence 
of this stakeholder. 
 
4.1.2. Alpaca´s herdsmen (G1)   
The population of this stakeholder is one of the largest in the 
department of Puno, and especially in the province of 
Carabaya. This is demonstrated by Puno´s annual report 
published by the National Institute of Statistics and 
Informatics (INEI) in 2017. 
This report shows a population growth of the alpaca from 
2011 to 2016, this generates that the Alpaca´s livestocks add 
more power or influence in their locality. 
For instance, in 2016 there was an average annual population 
of 280,110 alpacas in Carabaya [22], which represents 
13.78% of the total population of alpacas in Puno. 
Additionally, this economic activity generates the production 
of meat and fiber in Carabaya, using 72% of its total alpaca 

cattle. As the previously explained, it can be shown in Table 
14 [22]. 
 

Table 14. Population of Alpaca, Production of Meat y 
Fiber in Puno [22] 

  
Meat production  Fiber production 

Province 
Average 

population per 
year 

N° of heads Tonnes Animals in shearing Tonnes 

Puno 175,090 21,011 567 105,054 221 

Azángaro 198,010 23,761 642 118,806 249 

Carabaya 280110 33613 908 168066 353 

Chucuito 191,020 22,922 619 114,612 241 

El Collao 182,340 21,881 591 109,404 230 

Huancané  154,420 18,530 500 92,652 195 

Lampa 293,080 35,170 950 175,848 369 

Melgar 296,210 35,545 960 177,726 373 

Moho 9,860 1,183 32 5,916 12 

S.A. de Putina 142,110 17,053 460 85,266 179 

San Román  56,630 6,796 183 33,978 71 

Sandia  53,160 6,379 172 31,896 67 

Yunguyo 450 54 1 270 1 

TOTAL  2,032,490 243,898 6,585 1,219,494 2,561 

 
4.1.3. Local and regional government (G2) 
Currently, Puno is in a critical state in its governance since 
recently Walter Aduviri was elected as regional governor of 
Puno [32]. This generates a confusion in the mining 
companies that are carrying out projects in this area. Is is 
because in 2006, Aduviri staged a violent protest against the 
Santa Ana project [33].  
For this reason, he was sentenced to 7 years in prison after 
being appointed as author of the crime against public 
tranquility in his modality of crimes against public peace 
[32]. 
This panorama shows that the local and regional authorities 
are a determining stakeholder at present, since there is a lot of 
uncertainty in the governmental aspect. This means that the 
mining company must carry out a sustainable social 
management without neglecting this stakeholder. 
 
4.1.4. Farmers (G4) 
Another of the main economic activities of Puno is farming. 
In the INEI´s 2017 annual report, it can observe a growing 
trend of hectares of the areas planted and harvested during the 
years 2006 and 2016. The main agricultural crops that we can 
mention are olluco and quinoa. The above mentioned is 
shown in Table 15 and Fig. 2 [22]. 
 

Table 15. Planted and harvested surface of principal 
agriculture crops in Puno [22] 

 
Puno: Planted and harvested surface of principal agriculture crops (2016) 

Farming Year 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

Olluco  1,36 1,49 1,68 1,66 1,70 1,73 2,03 2,33 2,33 2,57 2,76 

Quinoa 24,02 24,60 26,26 23,38 
27,0
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Fig. 2. Hectares cultivated in the last ten years in Puno 

4.1.5. Merchants (G6) 
The last main stakeholder is merchants, which have also been 
increasing since 2006 with 2,423 merchants until 2016 with 
2,965 merchants [22], which represents a growth of 22.37%. 
It can be seen in Table 16 [22]. 
 

Table 16. Growing trend of merchants in the last ten 
years in Puno [22] 

Principal 
Characteristics  

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

Agriculture/ 
Fishing/Mining  

4,503 4,153 4,121 4,115 4,042 4,143 4,039 4,048 4,114 4,283 4,293 

Manufacture 1,403 1,599 1,634 1,605 1,641 1,548 1,627 1,590 1,507 1,502 1,542 

Construction 539 613 655 738 842 866 918 975 1,014 1,044 997 

Trading 2423 2527 2518 2682 2648 2789 2939 3009 3007 2890 2965 

Communications 
 and Transport 

893 1,017 1,109 1,111 1,130 1,226 1,190 1,205 1,270 1,315 1,362 

Other services 3,923 4,289 4,421 4,647 4,786 4,735 4,829 4,857 4,885 4,887 5,039 

 
4.2. Analysis of the variables 

On the other hand, we can analyze the variables obtained by 
the entropy-weight method. The total results in hierarchical 
order are presented in Table 17. 

 

Table 17. Variables obtained by the entropy-weight 
method 

 
Determination of variables 

 
E1 E2 E3 E4 E5 E6 E7 Results 

V7 888.508 900 423.292 925.706 900 749.528 500 755.2907 

V4 748.553 900 360.386 772.65 574.513 700 645.676 671.6824 

V2 749.162 580.46 285.39 462.427 900 690.967 754.324 631.8186 

V3 435.464 840.23 543.02 317.934 551.743 645.008 700 576.1999 

V9 627.855 654.092 365.662 215.484 637.256 700 631.913 547.4661 

V6 748.553 240.23 100 657.957 700 709.039 478.836 519.2307 

V1 620.698 341.557 517.365 270.991 533.77 771.279 365.986 488.8065 

V5 360.045 577.046 100 125.706 500 700 787.485 450.0403 

V8 423.972 377.046 525.398 168.541 437.256 700 471.099 443.3302 

V10 311.492 120.749 194.073 117.128 100 300 596.987 248.6327 

 
4.2.1. Pollution (V7) 
According to the hierarchy, this variable is the most 
important of all, which means that any impact made on the 
environment, would have a very strong impact on the 
behavior of the community. According to 2017 annual report  
[22], it can be seen that the loss of forests per year in hectares 
has been increasing during the last 10 years, this causes the 
population to feel dissatisfied with this aspect. Additionally, 
if we add the perspective of Aduviri, the situation can be 
complicated since one of the basic points of his speech is that 
of pollution mitigation. 
On the other hand, we can mention the loss of prestige of the 
Aruntani mine in the province of Lampa (Puno) due to the 
pollution of the Jatun Ayllu river [34]. This generates a 
distrust of the peasant community and it does not favor the 
prestige of mining in Puno. If this variable is negatively 
impacted, such affectation can generate very dangerous 

social conflicts for the development of mining projects in the 
department of Puno in general. 
 
4.2.2. Poverty Level (V4) 
The level of poverty of rural communities in Peru amounts to 
21.8%, of which, 34.6% is in Puno and 6.5% of that 
population belong to extreme poverty [35]. The Peruvian 
Institute of Economics (IPE) in 2017 reported that the 
province of Carabaya has 50% more incidence [35], as shown 
in Fig. 3. This shows that it is a very important variable since 
it is what most affects the stakeholders. 

 
Fig. 3. Incidence of poverty in the provinces of Puno [35] 

In addition, 5,423 people were registered in poverty, which 
represents 41.2% of the total population of Macusani; and 
987 people in extreme poverty, which represents 7.5% [36]. 
However, it is important to mention that this district is 
incorporated into the National Multiannual System and 
Investment Management (INVIERTE.PE). In this way, this 
district has funding resources for projects that contribute to 
improving the living conditions of the population [36] and 
reduce the percentages of poverty. 
 
4.2.3. Employment (V2) 
The variable employment is of great importance since that is 
the first improvement that the community of a mining 
company directly perceives. If we analyze the case of Puno, 
this region "has a high percentage of informal employment", 
85.3% is informal since only 22.6% of the PEA has at least 
higher education [35].   
 
4.2.4. Health (V3) 
The variable Health is one of the main deficiencies of the 
rural communities of Puno and Macusani district is not the 
exception. It has been recorded that the number of health 
facilities (26) in the province of Carabaya has remained 
constant despite the fact that the population has been 
increasing [22].  
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The population most affected by these problems are children, 
in Macusani, it is recorded that 29.1% of children under one 
year require additional attention monthly because they were 
born with less than 2.5 kilos of weight [36]. 
 
4.2.5. Economy (V9) 
The economy is an important factor for the development of 
any community. For this reason, the mining company must 
know the main economic activities of the region and promote 
them. In the case of Macusani project, the economic activities 
are livestock, agriculture and commerce. 
 
4.2.6. Water access (V6) 
This variable has been one of the repetitive causes of many 
social conflicts that have occurred in Peru and throughout the 
world. The access to water that communities have is vital for 
the development of agriculture and livestock. The 
Yellowcake Company must inform the communities about 
the fair use of the water sources, or, on the contrary, the 
construction of water dams should be built. In this way, the 
mining activity will not affect the economic activities of the 
community. 
 
4.2.7. Security (V1) 
Rural communities in Peru have a low tolerance for criminal 
acts and Macusani is not the exception. It has been known 
that the guardians of the community have burned alive 
criminals without the local police could do something about 
it. We can conclude that a negative alteration to the 
communal security will be determinant for the occurrence of 
a social conflict, if they link this fact with the beginning of 
the operations of the mining company. 
 
Finally, Table 18 shows the advantages and disadvantages 
that we perceive during the use of each methodology used to 
carry out our research [37][38]. 
 
Table 18 Advantages and disadvantages of both methods 
 Advantage Disadvantages 

AHP 

l>   The procedure of the information was 
complicated since it is necessary to work 
with several matrices 
l>   The correction of the matrix could be 
elaborated to avoid that the expert enters 
into contradictions. 

l> It was too tedious to carry out the 
survey, because many matrices had to 
be completed. 

Entropy-weight 
l>  Easy to operate the data since it is only 
made with a hammer 

l> The expert could easily get into 
confusion because he only works 
with an extensive matrix.                                          
l>   The correction of the matrix was 
not used to verify if the expert entered 
into contradiction. 

V. CONCLUSION 

The main stakeholders with the greatest influence in terms 
of criteria of magnitude, extent, probability and governance 
of the conflict were correctly determined using the AHP 
Method. On the other hand, the analysis of the variables 
applying each of the criteria in the entropy-weight method 
was important in determining which variables were going to 
have a significant impact on stakeholders. These results can 
be very useful to Plateau Uranium, as it will be able to 
identify its potential local suppliers and achieve negotiations 
that enrich the value of the company and the community. In 
addition, in terms of improving the local, regional and 
national Peruvian economy it is fundamental that the 
government, company and community can add together 
efforts to generate a sustainable development in the project 

influence zone, with the aim of reducing the social gap 
reflected in the poverty index.  

Furthermore, the investigation of the social issues applied 
in this mining project can be useful to establish a responsible 
mining sense focus on the participation and dialogue with the 
rural communities that are in the direct influence zones. This 
will improve the relationship between the company and the 
community in the long term, which will enhance its 
reputation in global markets, as well as the utilities increase 
by the reduction of conflicts to maintain a constant 
production.  

The AHP method can be widely applied in the future social 
impact analysis for this mining project because it can receive 
the information given by a panel of experts according to their 
experience in matter. It is highly recommended to make a 
hierarchization of the more relevant stakeholders that take 
part in the conflict, in the same way, it prevents 
incompatibility of the information given from the experts by 
using a ponderation of the criterion matrix. In the other hand, 
the entropy-weight method is useful to make a quantification 
of the variables using a logarithmical function to stablish the 
weight of the answers.  

Every single process of analysis evaluation is known to 
have limitations that come out afloat during the interview 
with the experts and their feedback given. For example, it is 
necessary to notice that the poll is given in a specific lapse 
time and that the scene can change in a political election 
context. Secondly, it is important that the facilitator who 
perform the poll can be prepare enough to elucidate all the 
questions and doubts of the experts in order to obtain specific 
answer to the questions that are indicated. However, it is 
important to note that the investigation refers to a study of 
people with different worldviews like rural communities, 
consequently  the prediction of their behavior facing an 
impact such as a mining project cannot be a hundred percent 
trustworthy. For this reason, it is necessary to travel and 
know the place in situ to corroborate the information obtained 
and adjust our results. 

Finally, thanks to the effective determination of the 
stakeholders and variables of the communities of direct 
influence of the Macusani project, several future studies can 
be carried out. First, for example, it is possible to determine 
Social impact assessment using some method like the 
mathematical model of grey glustering. On the other hand, 
another future study that could be carried out is the 
Environmental Conflict Analysis (ECA) for the same project. 
On the other hand, this methodological process can be 
applied in other mining projects in Peru and around the world 
in order to determine the probable causes that could generate 
a mining conflict, and thus be able to prevent them and work 
on them in advance. 
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