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Abstract: Based on the problem of unlicensed sand mining at the Batur Global Geopark, research is needed on 

controlling the impact of unlicensed sand mining in terms of environmental, social, and economic dimensions, 

in the Batur Global Geopark area. This study uses the analytical hierarchy process (AHP) method to choose 

alternative impact control on illegal sand mining at Batur Global Geopark. This study uses assessments from 12 

stakeholders. The five AHP criteria in this study are; Increase people's income; Contribute to regional 

development tax; Simplify the mining permit process; Increase other job opportunities; Minimize the risk of 

environmental damage; and Repairing environmental damage; while the three alternatives in this study are; 

Partnership program; Granting community mining permits with relatively simple concepts and obligations; and 

Closing and providing sanctions in accordance with law. The highest weight of the overall value of all criteria is 

the partnership program. 
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Introduction 
Mining activities provide great and promising opportunities for the development of a region. The mining 

industry itself is one of the industries that the Indonesian government relies on to bring prosperity (Awan and 

Mulya, 2020; Madyise, 2013). Indonesia is a country that is rich in natural resources, be it coal, gold, copper, 

nickel, bauxite and is also one of the mineral mining commodities in Indonesia, namely sand. 

The need for sand continues to increase in direct proportion to development (Dubiński, 2013), this is a 

global problem because it accommodates the needs of urban population growth and industrialization (Dewi et 

al., 2019). Basically, development is an effort to make changes that are planned consciously and sustainably for 

a better purpose (Yandra, 2016). Economic growth in meeting the needs and desires of today's development 

should not sacrifice the fulfillment of future needs (Karuniasa, 2016), which we know as the concept of 

sustainable development. There are still unlicensed sand mining activities, threatening the protected area of 

Batur Global Park which has entered the era of regional development (Hermawan and Brahmanto, 2018; 

Nurjani and Firdiyansyah, 2020). The identification results based on satellite imagery show that there are 

indications of several locations where illegal sand mining is located. 

On the other hand, mining activities in the area provide a high amount of income when compared to other 

jobs, thus making mining players reluctant to switch sectors. This then has an impact on the tourism sector 

which is getting worse along with the quality of the environment due to a lack of understanding from the 

community about the concept of sustainable development so that it affects several other sectors (Gorey et al., 

2016). Economic activities affect the environment, and environmental changes affect the economy and the 

environment is considered as two systems that are interdependent on each other (Goleman, D et al., 2012; Liu et 

al., 2018).  

The need for economic fulfillment with the growing human population is supported by increasingly 

sophisticated technological developments, greatly affecting the environment as life support services and amenity 

services such as the Batur Global Geopark protected area. The main purpose of the Batur Global Geopark is to 

balance geology, environment, social - culture, economy, and conservation. Geoparks have three main 

objectives, namely protection and conservation, infrastructure development and socio-economic development so 

that they are expected to attract tourists which in turn will have a development impact on local governments and 

communities, Batur Global Geopark is the first geopark in Indonesia to be recognized by UNESCO (Arcana and 

Wiweka, 2016). Based on the previous explanations, the sustainability of the Batur Global Geopark needs to be 

maintained in order to maintain good economic, social, historical, and environmental values. 

In recent years, there has been sand mining in the Batur Global Geopark area, unlicensed sand mining 

activities contradict the objectives of the Batur Global Geopark and create environmental and infrastructure 

problems (Rosyidie et al., 2018). Mining activities using machines and heavy equipment that make noise disturb 

the comfort of the surrounding community and worsen air quality (Wiguna et al., 2017), the roads at this time 

are still in very poor condition caused by excavations, trucks which are loaded with sand and stones, do not yet 
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have a special route which causes the routes in the area to quickly deteriorate and even interfere with the journey 

of tourists because they have to pass on roads that are still traversed by trucks carrying materials, so a lot of dust 

is scattered (Wendita, 2019). This shows that the existence of sand mining is a challenge for the sustainability of 

the Batur Global Geopark. 

 

 
Figure 1. Abandoned sand mining area in the Batur Global Geopark area 

 

Unlicensed sand mining continues to increase in direct proportion to the need for sand commodities for 

development. In addition to the positive impact, sand mining activities carried out without the application of 

good mining engineering principles (Good Mining Practices) could have a negative impact on the social, 

economic, and environmental dimensions (Sugiarta and Suharta, 2018). One of these activities took place in the 

protected area of Batur Global Geopark, thus threatening its status as the first Global Geopark in Indonesia 

recognized by UNESCO. Government regulations from the regional to the central level have been issued, 

however, illegal sand mining is indicated to still be found.Based on the problem of unlicensed sand mining at 

the Batur Global Geopark, research is needed on controlling the impact of unlicensed sand mining in terms of 

environmental, social, and economic dimensions, in Batur Global Geopark area. Therefore,it is needed a 

sustainable alternative that is socially acceptable, economically feasible, and good for the environment,this 

study uses the analytical hierarchy process (AHP) method to choose alternative impact control on illegal sand 

mining at Batur Global Geopark. 

 

Method 
The working principle of the AHP method is to simplify a complex and unstructured problem into 

elements that are neatly arranged in a hierarchy (Marimin, 2004). The level of importance of each variable is 

then assigned a numerical value which indicates the importance of the variable compared to other variables. 

Based on various considerations, a synthesis was carried out to determine the variables with higher priority that 

could affect the results of the system. 

AHP allows users to assign values or relative weights of an attribute, sub-attribute or alternative factor 

according to the user's perception of the factor by doing pairwise comparisons (Lolli et al., 2014; Huang and 

Gou, 2019; Saaty, 1989). Furthermore, the pairwise comparison is converted into a collection of numbers that 

represent the relative priority of each attribute, sub-attribute and alternatives. If there is a deviation that is too 

far, the assessment needs to be corrected or the hierarchy must be rearranged. 
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The advantages of the AHP method in decision making according to Suryadi and Ramdani (2002) are: 

1. Able to solve complex problems whose structure is irregular or not structured at all. 

2. The incompleteness of the written data or quantitative data of the problem does not affect the smoothness 

of the decision-making process because the assessment is based on the synthesis of the thoughts of the 

respondent's point of view 

3. In accordance with the human ability to provide an assessment of something so that the assessment and 

measurement of elements becomes easier 

4. Equipped with a consistency test so as to guarantee the decisions that have been determined 

 
The weaknesses of the AHP method (Sen, 1998) are: 

1. Cannot be applied if there is a very extreme difference in point of view between respondents 

2. Respondents involved must have knowledge and experienceenough about the problems and methods of 

AHP 

 

The five AHP criteria in this study are: 

 Increase people's income 

 Contribute to regional development tax 

 Simplify the mining permit process 

 Increase other job opportunities 

 Minimize the risk of environmental damage 

 Repairing environmental damage 

 

while the three alternatives in this study are: 

 Partnership program 

 Granting community mining permits with relatively simple concepts and obligations 

 Closing and providing sanctions in accordance with Law 

 

This study uses assessments from 12 stakeholders from researchers, miners, and the government. 

 

Result and Discussion 
The selection of alternative solutions is carried out to control the impact of unlicensed sand mining at 

Batur Global Geopark, this starts with weighting the criteria. 

Table 1. Criteria weighting 

 
 

From the results of the weighting of the criteria, it was found that the most significant criterion was to 

increase the income of the community, the results of the weighting of the criteria also had a consistency ratio of 

0.23. The next step is to calculate the weight of each aspect of each criterion 
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Table 2. Priority towards increasing people's income 

 
On the criteria for improving the community, the alternative that has the highest weight is the partnership 

program with a consistency ratio of 0.16. 
 

Table 3. Priority towards contributing regional development taxes 

 
 

On the criteria for contributing to regional development taxes, the alternative that has the highest weight 

is the partnership program with a consistency ratio of 0.18. 

 

Table 4. Priority towards simplify the mining permit process 

 
 

On the criteria to simplify the mining licensing process, the alternative that has the highest weight is the 

partnership program with a consistency ratio of 0.2. 

 
Table 5. Priority towards increasing other job opportunities 
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On the criteria of increasing other job opportunities, the alternative that has the highest weight is the 

partnership program with a consistency ratio of 0.16 

 

Table 6. Priority on minimizing the risk of environmental damage 

 
 

In the criteria of minimizing the risk of environmental damage, the alternative that has the highest weight 

is the partnership program with a consistency ratio of 0.17. 

 

Table 7.Priority towards repairing environmental damage 

 
 

In the criteria for repairing environmental damage, the alternative that has the highest weight is the 

partnership program with a consistency ratio of 0.18. 

 

The last step of determining the best alternative is to calculate the overall value of the priority alternative 

solutions as shown in the following table. 

 

Table 8. Overall value priority alternative solution 

 
 

From the table above, it can be concluded that the highest weight of the overall value of all criteria is the 

partnership program, this result is obtained because of the views of various stakeholders who want to preserve 

the mining activity but still want to preserve the existing environment, this is in line with other studies that use 

the AHP method to see green mines (Wu et al., 2022).  

However, in this study the overall value of the consistency ratio is 0.1, this happens because of 

differences in the assessment on the basis of interests from the different stakeholders. With the consistency ratio 

value above 0.1, other studies suggest that the AHP method should be optimized to reduce the consistency ratio 

(Moussaoui et al., 2018; Lukinskiy et al., 2021). 
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Conclusion 
From this research, the conclusions that can be drawn are: 

1. The most significant criterion was to increase the income of the community 

2. The highest weight of the overall value of all criteria is the partnership program 

 

Recommendations that can be given to overcome this problem in the next research is to use fuzzy AHP, 

this method is able to give more freedom to experts to express their judgments, increasing the number of 

stakeholders could also be a recommendation for similar research in the future for better result. 
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