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Keywords ABSTRACT
emissions, greenhouse gases, heavy The mining industry has a major influence on the increase in
equipment, generators, mining greenhouse gas (GHG) emissions in Indonesia, especially

deforestation activities and the use of fossil energy. This makes it
important to study the level of greenhouse gas emissions of a
mining company so that it can determine the mitigation of
reducing GHG emissions released. The research aims to assess the
greenhouse gas emission levels in the coal mining services sector
at PT Antareja Mahada Makmur. The study provides valuable
insights into the environmental impact of coal mining activities,
which is crucial for informing sustainable practices and regulatory
compliance. The results of this analysis show a significant increase
in total A2B and stationary sources (generators) from October
2023 to September 2024 as a source of immobile emissions. The
analysis shows that carbon dioxide (CO2) gas is the most
dominant component in total emissions from mobile sources
(A2B). The findings of this study highlight the importance of
mitigation efforts, such as improving energy efficiency and the
integration of renewable energy sources, in reducing emissions in
the mining sector. This research could help identify gaps and
propose improvements to support companies in their mitigation
efforts.

INTRODUCTION

PT Antareja Mahada Makmur is one of the mining service contractors operating in coal mining. In
general, mining activities are activities that have a high level of risk and are capital-intensive. Open pit
mining activities, especially coal, are currently a support in fulfilling national energy sources (Baskoro
etal, 2021; Lechner et al., 2016; Mujiyanto & Tiess, 2013). Data from the Ministry of Energy and Mineral
Resources noted that 54.58% of the electrical energy supply in Indonesia still depends on coal-fired
power plants until 2023 (Kementerian Energi dan Sumber Daya Alam, 2024). On the other hand, in the
energy sector, which includes coal mining activities, it also contributes to greenhouse gas emissions of
17,197.77 Gg Ton CO2 nationally based on data from the Ministry of Environment and Forestry in 2023.
Environmental problems such as air, water, and soil pollution as well as social conflicts are common in
mining activities. Nationally, the highest greenhouse gas emissions in the energy sector were achieved
in 2014 with total GHG emissions reaching 614,215.45 tons COZ2e.

The mining industry has a major influence on the increase in greenhouse gas (GHG) emissions in
Indonesia, especially deforestation activities and the use of fossil energy. Mining companies need to
inventory GHG to find out the source and amount of emissions produced, so as to develop more effective
strategies to reduce the amount of GHG emissions (Aulay et al., 2024; Azadi et al., 2020; Cox et al., 2022;
Ulrich et al., 2020; Valderrama et al., 2020). Coal mining activities are one of the capital-intensive, high-
tech, and high-risk activities, so it is necessary to plan activities to achieve optimal productivity
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(Koroteev & Tekic, 2021; Li, 2024; Syaputra et al., 2024; Toledano et al., 2022; Xu et al., 2020; Zhao et
al.,, 2023).

In the extraction industry in general, it consumes a very large amount of energy and is a
contributor to greenhouse gas emissions (Lamb et al., 2021; Talaei et al., 2020; Wang & Azam, 2024;
Zheng et al,, 2023). Since the pre-industrial era, the types of greenhouse gas emissions from human
activities that have experienced an increase in concentration include CO2, CH4, and N20 (Sonwani &
Saxena, 2022). Greenhouse gases are collections of gases that have active radiation properties and can
absorb long-wave radiation released from the earth's surface (Bilgili et al.,, 2024; Maji et al., 2022;
Smirnov, 2020). This makes it important to study the level of greenhouse gas emissions of a mining
company so that it can determine the mitigation of reducing greenhouse gas emissions released.

The research aims to assess the greenhouse gas (GHG) emission levels in the coal mining services
sector at PT Antareja Mahada Makmur. The research contributes to the understanding of greenhouse
gas (GHG) emissions within the coal mining services sector, specifically at PT Antareja Mahada Makmur.
By assessing emission levels, the study provides valuable insights into the environmental impact of coal
mining activities, which is crucial for informing sustainable practices and regulatory compliance. This
assessment can help identify key emission sources, enabling the company to develop targeted strategies
for reducing GHG emissions and improving overall environmental performance. Additionally, the
findings may serve as a benchmark for other companies in the sector, fostering a broader awareness of
the need for emissions monitoring and mitigation in coal mining operations. Ultimately, this research
supports the transition towards more sustainable energy practices and contributes to the global effort
to combat climate change.

METHODS

The method used in calculating GHG emissions in this journal follows the Intergovernmental
Panel on Climate Change (IPCC) in 2006 Chapter 3 Mobile Combustion & Chapter 2 Stationary
Combustion because it is in accordance with the availability of data owned by the company. The type of
fuel used is B35 with a composition of 35% FAME and 65% Solar. In general, the calculation of GHG
emissions for mobile and immobile source emissions uses the following basic formula approach:

Greenhouse gas emission (Tonne) = DA (TJ) x FE (Kg/TJ)

Information:

GHG emissions: Emissions from the type of energy used

Activity Data (DA): Total energy consumption

Emission Factor (FE): A specific type of GHG emission factor according to the energy used

From this calculation, GHG emissions will be equalized to tons of CO2e by multiplying each type
of gas by the value of the Global Warming Potential (GWP) factor. In this journal, GHG emissions are
aggregated into tons of CO2 equivalent through the multiplication between the emissions of each
greenhouse gas produced by the value of the Global Warming Potential (GWP) factor. The value of the
GWP factor used to equalize each GHG to COZ2e refers to the IPCC Six Assessment Report (AR6) over a
period of 100 years.

Table 1. Factors used in the calculation

No Description Value Reference
Solar
1 Density 910 Kg/m3 Journal of Lemigas, 2011
2 Net Calorific Value (NCV) 42.12Tj/Gg Energy and Mineral Resources R&D Results 2017
3 CO2 emission factors 73,900 kg/tj Energy and Mineral Resources R&D Results 2017
4 CH4 emission factors 3.90 Kg/TJ IPCC, 2006 Table 3.2.2
5 N20 emission factors 3.90 Kg/T] IPCC, 2006 Table 3.2.2
FAME
1 Density 875 Kg/m3 Lemigas Journal, 2021
2 Net Calorific Value (NCV) 27 Tj/Gg IPCC 2006 Table 1.2
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3 CO2 emission factors 70,800 kg/tj IPCC, 2006 Table 3.2.1

4 CH4 emission factors 3.00 Kg/TJ] IPCC, 2006 Table 2.2

5 N20 emission factors 0.60 kg/1j IPCC, 2006 Table 2.2
RESULTS
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Figure 1. Total A2B Greenhouse Gas Emissions Every Month October 2023 - September 2024

The fuel used in operational activities is in the form of B35 type fuel oil. Figure 1. The above shows
a significant upward trend in total A2B greenhouse gas (GHG) emissions from October 2023 to
September 2024 from mobile emission sources. Mobile emission sources from A2B operational
activities are included in Scope-1 (Scope-1). There has been a fairly sharp month-on-month increase,
with the highest peak in July, followed by slight declines in August and September, but the overall
uptrend is still dominant. This increase in emissions indicates an increase in the use of A2B for
production operations.

The source of the increased GHG emissions is categorized as Scope-1 emissions, which come
directly from the company's operational activities. This shows that production activities that use A2B as
the main source contribute the most to the increase in GHG emissions. The sharp month-on-month
increase in emissions, especially in July, indicates a significant peak period of production activity for the
environment.

The overall emissions trend is still up, despite monthly variations, with slight declines in August
and September after peaking in July. Factors such as seasonal changes, unstable production levels, or
energy efficiency efforts undertaken over a period of time can affect these fluctuations. However, the
continued upward trend shows that mitigation efforts have not been enough to stop the increase in
emissions.

The use of B35 fuel causes an increase in greenhouse gas (GHG) emissions. Excessive emissions
cause climate change, global warming, and other adverse effects, such as sea level rise, extreme weather,
and ecosystem damage. As a result, to switch to greener and more sustainable energy sources and
reduce reliance on fossil fuels, more serious action is needed.
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Figure 2. Total Generator Greenhouse Gas Emissions Every Month October 2023 - September 2024

Graph in Figure 2. Indicates an increasing trend in total Greenhouse Gas (GHG) emissions from
generators from October 2023 to September 2024 as a source of immobile emissions. There are
significant fluctuations from month to month, with the highest emissions peaking in April. Overall, there
was a tendency to increase GHG emissions from generators throughout the observation period, although
the rate of increase was inconsistent. This increase in emissions indicates an increase in the use of
generators that have the potential to contribute to climate change.

The highest peak in emissions was recorded in April, indicating an increased level of activity that
requires generators to generate energy. Changes in energy demand during the summer, disruptions to
the main power grid, or increased production activity are some of the sources of these fluctuations.
Despite the fluctuations, the overall trend of increasing GHG emissions from generators remained
evident throughout the observation period.

The increase in greenhouse gas (GHG) emissions from these generators has a significant impact
on the environment. Generator sets use fossil fuels, such as gasoline or diesel, which release many
greenhouse gases into the atmosphere when burned. The increase in greenhouse gas emissions of
generator sets is causing the greenhouse effect and climate change to become more severe.
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Figure 3. Total A2B Greenhouse Gas Emissions by Type October 2023 - September 2024

Graph data Figure 3. shows the total emissions of A2B type Greenhouse Gases (GHGs) in tons of
COZ2e (carbon dioxide equivalent) for the period October 2023 to September 2024. There are three types
of emissions presented, namely total emissions, CO2 emissions, CH4, and N20. Total emissions were
dominated by CO2 in almost the same amount for both periods shown. CH4 and N20 emissions are much
smaller compared to CO2 and total emissions. This data indicates that most of the A2B GHG emissions
come from carbon dioxide gas.
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The results of data analysis show that carbon dioxide (CO2) gas is the main contributor to total
A2B greenhouse gas emissions. The very high proportion of CO2 emissions compared to other
greenhouse gases such as methane (CH4) and nitrous oxide (N20) suggests that most of the emissions
come from processes that produce CO2. Factors such as the burning of fossil fuels, the decomposition of
organic matter, or by-products of burning fossil fuels.

All A2B GHG emissions were relatively stable throughout the observation period, as shown in the
graph. The overall trend shows the same trend, although there are some monthly fluctuations. Overall,
this stability of emissions suggests that mitigation efforts may have been successful in preventing
emissions levels from increasing significantly. Nonetheless, further analysis is needed to find
components that affect the stability of these emissions.
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Figure 4. Total Greenhouse Gas Emissions of Generator Sets by Type October 2023 - September 2024

Meanwhile, the composition of GHG gas types from generator sets shows that the largest
contribution to total GHG emissions comes from CO2 emissions, followed by CH4 and N20 in much
smaller amounts. The dominance of CO2 emissions indicates that the process of burning fossil fuels in
generator sets is the main source of GHG emissions. Relatively small fluctuations in total emissions and
their components over the observation period indicate relatively stable emission levels.

The results of the analysis of the composition of greenhouse gases (GHGs) produced by generators
show that carbon dioxide (CO2) is the most dominant component. This is in line with the common
understanding that the burning of fossil fuels, which is commonly used in generator sets, produces CO2
as a major by-product. Thus, the dominance of CO2 in GHG emissions from generators suggests that
most of the generators' contribution to climate change comes from these greenhouse gas emissions.

According to data collected from generators during the observation period, there was a relatively
small variation in the total amount of emissions and their components; This shows that the level of GHG
emissions of generator sets tends to be stable during that period. Various factors, such as the type of fuel
used, combustion efficiency, and generator set workload, can affect the stability of these emissions.

Mitigating greenhouse gas emissions in the mining sector is an important step in addressing
climate change as the process of burning fossil fuels, blasting, and processing minerals is the main source
of greenhouse gas emissions. Some mitigation methods that can be used are as follows:

1) First, energy efficiency. In the production process, it can reduce energy consumption by
optimizing energy use. This can be achieved through the use of more efficient equipment, the
implementation of better control systems, and the use of renewable energy such as wind or
solar instead of fossil energy sources.

2) Second, effective waste management. If mining waste is not managed properly, and contains
harmful chemicals so that it can release greenhouse gases. By using appropriate waste
management techniques, such as liquid and solid waste treatment, as well as reclamation of
land that has been used as mines, greenhouse gas emissions can be reduced. Third, the
adoption of low-carbon technology. Technologies such as carbon capture and storage (CCS)
can help capture and store carbon dioxide before it is released into the atmosphere.

To achieve effective emission mitigation, not only technical efforts are needed, but also a broader

approach. Governments, mining companies, and communities must work together to create policies and
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regulations that support efforts to reduce emissions. Investments also need to be made in research and
development of new technologies to continue to find innovative solutions to address climate change
issues. By implementing various mitigation strategies in an integrated manner, the mining sector can
achieve sustainable development goals and reduce the impact of climate change. Mitigating greenhouse
gas emissions in the mining sector can generate economic benefits for companies in addition to
benefiting the environment. Mining companies can reduce operational costs and increase
competitiveness by improving energy efficiency and implementing new technologies. Companies can
also gain a good reputation as a socially and environmentally responsible business, which attracts
investors and customers alike.

Mitigation of greenhouse gas emissions is an environmental obligation but also an opportunity for
mining companies to generate large economic benefits. Reduced operational costs are one of the most
obvious advantages. Companies can significantly reduce fossil fuel and electricity consumption by
optimizing energy use at every stage of the production process, from mining to processing. This goal can
be achieved significantly by using energy-efficient technologies, such as more efficient control systems,
appliances that have lower energy consumption, and LED lights.

Reduced energy consumption can improve operational reliability and reduce fuel and electricity
bills. Companies can reduce the risk of production disruptions caused by unstable energy supplies by
reducing their reliance on variable external energy sources. High energy efficiency can also lower the
maintenance frequency and life of the equipment, thereby reducing maintenance costs.

In the long run, investments in energy efficiency can provide very attractive returns. While it
requires a sizable initial investment, the operational cost savings resulting from improved energy
efficiency can quickly offset the cost of that investment. In addition, companies can also obtain indirect
benefits such as improving the company's reputation in the eyes of investors, customers, and the public.
Thus, mitigating greenhouse gas emissions is not only an environmental obligation, but also a smart
investment that can increase a company's profitability in the long run.

CONCLUSION

Data analysis indicates a significant rise in greenhouse gas (GHG) emissions from both mobile and
stationary sources, predominantly due to CO2 emissions from fossil fuel combustion. Monthly
fluctuations in emissions suggest various influencing factors, underscoring the necessity for mitigation
efforts, such as enhancing energy efficiency and adopting renewable energy. For mining companies,
implementing these strategies is essential not only for contributing to global climate change initiatives
but also for achieving long-term benefits like reduced operational costs and improved reputations.
Future research should focus on longitudinal studies to track emission trends, evaluate the effectiveness
of mitigation strategies, conduct comparative analyses across sectors, explore technological innovations
like carbon capture, assess economic and social impacts, analyze policy frameworks, and study
organizational culture to promote sustainable practices.
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