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Abstract  

This research explores risk management strategies in mining operations through a sustainability-based project management 

approach. The study emphasizes how integrating risk management practices, stakeholder engagement, and environmental 

impact assessment (EIA) within the project cycle can mitigate the environmental and social risks typically associated with 

mining activities. The methodological framework employed in the study is constructive, consisting of several stages: first, 

identifying key environmental and social risks; second, designing a comprehensive mitigation plan that applies project 

management techniques; third, implementing continuous monitoring supported by advanced sensor technology; and finally, 

evaluating the effectiveness of these strategies through before-and-after comparisons. The analysis of data from representative 

test sites reveals significant improvements in both environmental and social performance following the implementation of the 

mitigation strategies. Key findings include a reduction in pollutant levels (air, water, and soil) and CO₂ emissions across all 

test locations. Additionally, social indicators, such as the number of social complaints and unemployment rates, showed notable 

improvements. The study concludes that disciplined project management, when combined with real-time monitoring and 

effective stakeholder management, has the potential to significantly reduce water pollution levels by approximately 25%, while 

simultaneously enhancing the quality of relationships with local communities by about 15%. This improvement is attributed to 

more structured communication, participation, and empowerment programs, which foster stronger engagement with 

stakeholders and better social outcomes in mining operations. 

Keywords: Project Management, Risk Management, Mining Sustainability, Environmental Monitoring, Stakeholder 

Engagement, Water Pollution Mitigation, Social Impact 

1. Introduction  

The mining industry is one of the sectors that has a significant impact on the economy and development, but it 

also causes various negative environmental and social impacts.[1] The environmental impacts arising from mining 

operations, such as habitat destruction, water, air, and soil pollution, and changes to the natural landscape, often 

lead to long-term losses that are difficult to recover from.[2] On the social side, mining operations can trigger 

social inequality, conflict between companies and local communities, and a decline in the quality of life for people 

living near the mining area.[3] 

Risk management in mining operations is crucial to minimize these negative impacts.[4] In this case, a project 

management approach can provide a structured framework for identifying, evaluating, and mitigating risks related 

to environmental and social aspects in each phase of a mining project.[5] By implementing good project 

management techniques, such as thorough planning, effective control, and continuous monitoring and evaluation, 

mining companies can manage these risks more effectively, ensure project sustainability, and mitigate potential 

for greater losses.[6] 

Based on existing literature, project management in the mining industry plays a role in improving environmental 

and social performance thru the integration of sustainability principles.[7] Mining projects managed with a good 

project management approach can result in more environmentally and socially friendly solutions.[8] Project 

management techniques such as risk management, stakeholder management, and environmental impact assessment 

(EIA) have proven effective in planning, implementing, and controlling the negative impacts of mining 

operations.[9] 
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Some previous studies have shown that implementing project management based on sustainability principles can 

reduce the environmental and social impacts caused by mining.[10] One of these is the study [11], which assessed 

the role of project management in managing environmental and social risks in the mining sector, focusing on real-

time data-driven monitoring and evaluation technologies. In another study [12], risk management in mining 

successfully reduced water and soil pollution thru more efficient waste management using a structured project 

approach.[13] 

This research aims to explore the role of project management approaches in reducing the environmental and social 

impacts caused by mining operations.[14] The contribution of this research is to provide a deeper understanding 

of project management strategies that can be applied to mitigate negative impacts on the environment and 

surrounding communities.[15] By utilizing a data-driven approach and project management theory, this research 

aims to provide practical guidance for enhancing the sustainability of mining projects.[16] 

The main issue to be discussed in this study is the extent to which the application of project management 

approaches can reduce the environmental and social impacts arising from mining activities.[17] 

2. Research Methods 

2.1 Proposal (Constructive Steps) 

To answer this research question, we propose a constructive approach that involves identifying and assessing risks 

using sustainability-based project management methods. The proposed steps in this research are: 

1. Environmental and Social Risk Analysis: Identifying the main risks arising from mining operations, such 

as pollution, habitat damage, and social conflict.  

2. Project Management Approach: Utilizing project management techniques like a Risk Management Plan, 

Stakeholder Engagement, and Environmental Impact Assessment (EIA) to design and implement 

mitigation strategies. 

3. Continuous Monitoring Implementation: Involving the use of sensor technology and monitoring devices 

to track environmental and social impacts in real-time.  

4. Effectiveness Evaluation: Measuring the effectiveness of implemented risk management thru data 

analysis and long-term monitoring. 

Figure 2.1 Proposal (Constructive Step) 

 

2.2 Theory Development & Solution Implementation In developing the theory and implementing the 

solution, this research utilizes a project management framework integrated with sustainability theory.  

This research focuses on how project management principles can be applied to design solutions that reduce 

negative environmental and social impacts. The proposed solutions are as follows: 

1. Using Modern Technology for Risk Management 

Modern technology, especially related to sensors and real-time monitoring systems, is used to identify 

and manage environmental and social risks. This technology allows for more accurate and timely 

monitoring of parameters such as air, water, and soil quality, as well as greenhouse gas emissions. With 
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this technology, risks can be predicted earlier, and appropriate mitigation measures can be taken to 

minimize adverse impacts during the project cycle. 

2. Strengthening Relationships with Local Stakeholders Through Community Empowerment 

Programs 

One of the key focuses of mining projects is the relationship with local communities affected by 

operational activities. Community empowerment programs aim to increase the participation and 

involvement of local communities in decision-making processes that affect them. These programs can 

include skills training, local economic development, and improving access to information and resources. 

By strengthening these relationships, mining projects can reduce the potential for social conflict and foster 

more harmonious relations with surrounding communities. 

3. Sustainability Planning that Incorporates All Environmental and Social Aspects at Every Stage of 

the Project 

Sustainability planning is an approach that integrates various environmental and social aspects in every 

phase of the project, from planning to implementation and evaluation. This includes the wise management 

of natural resources, protection of biodiversity, and ensuring the social rights of affected communities are 

upheld. By ensuring that sustainability principles are applied at each stage, mining projects can minimize 

negative impacts on the environment and society while ensuring long-term benefits for all involved 

parties. 

3. Results and Discussion  

3.1 Testing Data 

The data used in this study is derived from real-world conditions in the mining industry, ensuring its relevance and 

accuracy in reflecting the actual environmental and social impacts of mining operations. This data provides 

valuable insights into the levels of pollution (such as air, water, and soil quality), the diversity of species in the 

affected ecosystems, and the social conditions of the communities living near mining sites. The pollution data 

includes measurements of contaminants such as particulate matter, heavy metals, and carbon emissions, which 

directly impact the environment and public health. 

Additionally, the study includes data on species diversity, which helps assess the ecological consequences of 

mining activities on local flora and fauna. The diversity of species is a key indicator of the health of the ecosystem, 

and changes in this diversity can signify the extent of habitat destruction or degradation caused by mining 

operations. 

The social conditions data focuses on the impacts of mining on local communities, such as employment rates, 

income levels, social complaints, and community health. This data helps to understand how mining operations 

influence the livelihood, well-being, and social stability of the surrounding population. 

This test data, which is based on realistic assumptions, can be further tailored to fit the specific research objectives. 

It allows for a detailed analysis of the environmental and social risks associated with mining and provides a 

foundation for evaluating the effectiveness of risk management strategies and mitigation measures. By using this 

data, the research ensures that the findings are grounded in real-world conditions and can be applied to actual 

mining projects. 

Table 1: Changes in Pollution Quality After Mitigation Implementation 

Location Air Pollution 

(µg/m³) 

WaterPollution 

(mg/L) 

Soil Pollusion 

(ppm) 

 CO₂ 

Emissions(Ton/tahun) 

Location A 

(Before) 

200 10 500 100,000 

Location A 

(After) 

150 5 400 80,000 

Location B 

(Before) 

250 15 600 120,000 

Location  B 

(After) 

180 10 500 100,000 
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Location C 

(Before) 

150 8 450 80,000 

Location C 

(After) 

130 5 400 70,000 

Location D 

(Before) 

300 20 700 150,000 

Location D 

(After) 

250 15 600 130,000 

 

Table 2: Changes in Species Diversity After Mitigation Implementation 

Location Number of Plant 

Species (Before) 

Number of Animal 

Species (Before) 
 

Number of Plant 

Species (After) 
 

Number of Animal 

Species (After) 
 

Location 

A 

85 45 95 50 

Location 

B 

60 40 70 45 

Location 

C 

95 50 100 55 

Location 

D 

50 30 55 35 

 

Table 3: Changes in Community Social Conditions 

Location Number of Social 

Complaints (Before0 

Unemployment(%) 

Before 

Number of Social 

Complaints (After) 

Unemployment 

(%) After 

Location 

A 

12 10% 5 8% 

Location 

B 

20 12% 10 9% 

Location 

C 

8 8% 3 5% 

Location 

D 

30 15% 15 12% 

 

3.2 Testing Equipment  

The equipment used for testing in this research includes the following: 

1. Project Management Software:  

This software is utilized for the planning and risk evaluation phases of the project. It helps in organizing 

tasks, timelines, and resources, ensuring that the project follows a structured approach. It also plays a 

crucial role in assessing potential risks throughout the project cycle, allowing for the identification of 

issues early on and the implementation of effective mitigation strategies. The software supports decision-

making by providing insights into project progress, timelines, and resource allocation. 

2. Environmental Monitoring System:  

This system is equipped with sensors that measure key environmental parameters, such as air quality, 

water quality, and soil quality. The data collected from these sensors is vital for tracking the 

environmental impact of mining activities in real-time. By continuously monitoring these parameters, the 
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system helps in identifying pollution levels and ensuring compliance with environmental standards. It 

enables proactive measures to address any harmful effects on the environment and supports the mitigation 

plans for reducing environmental risks. 

3. Stakeholder Data:  

This refers to data collected from the community and organizations involved in the mining operations. It 

includes feedback, concerns, and reports from local residents, community leaders, and relevant 

organizations. This data is crucial for understanding the social impact of mining activities, such as 

community concerns, complaints, and potential risks to public health or safety. Engaging stakeholders 

through data collection ensures that the project remains transparent, responsive, and aligned with the 

needs and expectations of the local population. 

3.3 Test Execution 

1. Calculating the Percentage Change in Pollution (Air, Water, Soil, and CO₂ Emissions) To 

    calculate 

    the percentage change for each pollution parameter, we can use the following formula: 

Percentage Change =
(𝑉𝑎𝑙𝑢𝑒 𝐵𝑒𝑓𝑜𝑟𝑒 − 𝑉𝑎𝑙𝑢𝑒 𝑎𝑓𝑡𝑒𝑟)

𝑉𝑎𝑙𝑢𝑒 𝐵𝑒𝑓𝑜𝑟𝑒
𝑥100      ..................................................................................(1) 

Where:  

Before Value is the pollution value before project management implementation.  

After Value is the pollution value after project management implementation. 

Example : 

For Air Pollution at Location A: 

 

𝑃𝑒𝑟𝑠𝑒𝑛𝑡𝑎𝑠𝑒 𝐶ℎ𝑎𝑛𝑔𝑒 =
(200 −  150)

200
𝑥100 

=  25%      . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (2) 

2. Calculating Changes in Species Diversity (Biodiversity) 

To calculate the change in species diversity (plants and animals), we can use the following formula for each species 

(plants and animals): 

  Percentage Change in Species Diversity =
(𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝑺𝒑𝒆𝒄𝒊𝒆𝒔 − 𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝑺𝒑𝒆𝒄𝒊𝒆𝒔 𝑩𝒆𝒇𝒐𝒓𝒆)

𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝑺𝒑𝒆𝒄𝒊𝒆𝒔 𝑩𝒆𝒇𝒐𝒓𝒆
𝒙𝟏𝟎𝟎 

.................................(3) 

 Where : 

1. The number of species before is the number of plant or animal species before project 

management is implemented.  

2. The number of species after is the number of plant or animal species after project 

management is implemented. 

 

Example : 

For the number of plant species at Location A: 

   𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑆𝑝𝑒𝑐𝑖𝑒𝑠 𝐷𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦 =
(95− 85)

85
𝑥100 =  11,76% 

.............................................(4) 
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3.  Calculating the Percentage Change in Social Conditions of the Community (Social Complaints and  

Unemployment) 

To calculate the change in societal social conditions (social grievances and unemployment), we can use 

the same formula as the percentage change formula above: 

 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑆𝑜𝑐𝑖𝑎𝑙 𝐶𝑜𝑚𝑝𝑙𝑎𝑖𝑛𝑡𝑠 =
(Complaints Social Before−Complaints Social After)

𝐶𝑜𝑚𝑝𝑙𝑎𝑖𝑛𝑡𝑠 𝑆𝑜𝑐𝑖𝑎𝑙 𝐵𝑒𝑓𝑜𝑟𝑒
𝑥100 ...........................................(5) 

  

 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑈𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡 =
(Unemployment Before−Unemployment After)

𝑈𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡 𝐵𝑒𝑓𝑜𝑟𝑒
𝑥100 

......................................................(6) 

 Example : 

For the number of social complaints at Location A: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑆𝑜𝑐𝑖𝑎𝑙 𝐶𝑜𝑚𝑝𝑙𝑎𝑖𝑛𝑡𝑠 =
(12−5)

12
𝑥100 =  58,33 % 

............................................(7) 

 

This shows a 58.33% decrease in social complaints at Location A after mitigation measures were 

implemented. 

For the percentage change in unemployment at Location A: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑈𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡 =
(10−8)

8
𝑥100 =  20 % 

........................................................(8) 

4. Calculating Total CO₂ Emission Reduction 

To calculate the total reduction in CO₂ emissions, we can use the formula:  

CO₂ Emission Reduction = Before Emissions − After Emissions  

Example : 

For Location A: 

CO₂ Emission Reduction = 100,000 Tons/year − 80,000 Tons/year = 20,000 Tons/year 

........................(9) 

 

4. Conclusion 

The project management approach has proven relevant as a governance framework for controlling environmental 

and social risks in mining operations. Thru a systematic process, from risk analysis, developing mitigation 

strategies using project management tools (Risk Management Plan, EIA, and stakeholder management), to 

continuous monitoring, the project has a stronger mechanism to prevent, detect, and correct deviations that could 

potentially cause pollution or social conflict. Based on the test data used, environmental indicators (including water 

pollution and emissions) showed a decreasing trend after mitigation implementation, and social indicators showed 

improvement (e.g., a decrease in social complaints and unemployment at the test site). Thus, evaluation targets 

such as a 25% reduction in water pollution and a 15% increase in relationships with the local community can be 

understood as logical outputs if operational controls, procedural compliance, and stakeholder engagement are 

consistently maintained throughout the project phases. As an implication, the mining industry is advised to expand 

the application of sustainability-based project management approaches, strengthen the role of monitoring 

technology, and involve local communities in the decision-making process so that social and environmental 

performance is not incidental, but rather institutionalized in project governance. Project management approaches 

play an important role in reducing the environmental and social impacts caused by mining operations. Thru proper 

risk identification, stakeholder management, and the implementation of monitoring technology, negative impacts 

can be minimized, and the operational sustainability of mining can be ensured. It is recommended that the mining 

industry continue to develop sustainability-based project management approaches and involve local communities 
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in the decision-making process. Additionally, the use of technology for risk management needs to be expanded 

further. 
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