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ABSTRACT

Coal mining processing and the clearing of land require that materials which have been removed be 
carefully inspected before it is reused. In this study, the boundary of our model starts with excavation and 
ends with material recovery. Therefore, further processing of the material to be recovered (recycling, 
reprocessing) is excluded from the model. In this study, the topsoil layer was collected in three pits 
numbered one, two, and three, from January to December 2020. The use of the LCA method gives 
results after the inventory data is carried out, which results in global warming. The results showed 
material removal unit process generated a total CO2 value of 32.44 kg CO2- eq.tonne-1 of coal, and 
the coal mining unit process generated a total CO2 value of 255.99 kg CO2- eq.tonne-1 of coal, for the 
impact of global warming. When compared to the material removal process, the results of the coal 
mining unit process show the highest global warming impact. Coal processing gives a yield of 25.61 kg 
CO2- eq.tonne-1 of coal. So that the resulting impact as a whole is 314 kg CO2- eq.tonne-1 of coal. The 
total emissions resulting from B30 fuel (314 kg CO2- eq.tonne-1 of coal) are smaller than B20 fuel (320 
kg CO2- eq.tonne-1 of coal), 6 kg CO2-eq.tonne-1 of coal. The coal mining process includes fuel used in 
coal extraction, coal hauling, coal stockpiling, blasting, water pumps, and water tracks. 

INTRODUCTION

Before extracting coal mining materials, the first thing that 
must be done is land clearing (Arinaldo & Adiatama 2019). 
Land clearing requires the use of heavy equipment based 
on the conditions and shape of the land. In the land clearing 
process, materials which have been removed must be care-
fully inspected before it is reused (Hogland et al. 2018). 
We specifically assessed the impacts of climate change on 
desertification, land degradation, and food security, and these 
impacts are evaluated separately (Hogland et al. 2018). In 
this study, the boundary of our model starts with excavation 
and ends with material recovery.

Therefore, further processing of the material to be 
recovered (recycling, reprocessing) is excluded from the 
model (Gusca et al. 2015). Dozers are one type of heavy 
equipment used for land clearance. After the land has been 
prepared for the next process, the heavy equipment for 
the excavation stage is designed according to the speci-
fications and purpose. For the removal of topsoil layers, 
the heavy equipment that will be combined for excavating 

process are excavators, dozers, graders, dump trucks, and 
compactors (vibrators) (Katta et al. 2020). Before the 
heavy equipment is used, the production department’s 
manager prepares the necessary combinations to match the 
specifications, keeping in mind the difficulties of remov-
ing the topsoil layer (Agwa-Ejon &Pradhan 2018). The 
heavy equipment that can be used are excavator (PC 700) 
and dump truck (DT 740 and DT 741) This equipment’s 
specifications are also essential so that the removal of the 
topsoil layer is carried out more efficiently and on time. 
Furthermore, it can minimize the amount of fuel needed 
in the process (Farjana et al.  2020). It has been shown 
that different forms of energy derived from fossil fuels 
can be combined, known as e-fuel (Mahmud et al. 2018, 
Ioakimidis et al. 2019, Andersson & Börjesson 2021). It 
is important to combine heavy equipment used at the mine 
site. (Shaddad 2017, Lodhia 2018).  In addition to reducing 
fuel use, it will also save time when removing the topsoil 
layer. In this study, the topsoil layer was collected from 
three pits numbered one, two, and three, from January to 
December 2020.
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For each pit, there are several fleets on each front that it 
makes. The front is defined as a location where heavy equip-
ment transports topsoil to a temporary stockpile.  Usually, 
on one front, there are about 2 or 3 fleets. A combination of 
heavy equipment is used at every fleet. Apart from heavy 
equipment, other supporting heavy equipment such as graders 
and vibrators will also be used. The graders and vibrators 
will improve the condition of the mine road so that it may 
be traversed more easily.

The primary activity in the coal mining industry is coal 
extraction. Coal extraction is a continuation of the waste 
reduction process. The areas to be mined are decided once 
the topsoil and subsoil layers have been properly removed. 
Thus, the coal is extracted for sending to the stock pile. It 
is important to have coal cleaning activity in order to mine 
the coal (coal obtaining). The purpose of coal cleaning is to 
remove impurities off the surface of coal (coal face) in the 
form of minor waste material soil, as well as other impurities 
caused by precipitation agents (surface water, rainwater, 
avalanches). Following that, the coal extraction process 
continues until the coal is loaded onto the vehicle.

The use of heavy equipment requires energy for remov-
ing/extracting topsoil layers. The average energy needed for 
seven mines is summarized where the energy requirement 
is broken down into six components: crushing, grinding, 
processing, tailings, process water, general plant (Jeswiet 
& Szekeres 2016). Energy requirements for both open pit 
and underground mines include electricity and a variety of 
carbon fuels: natural gas, propane gas and diesel fuel.  Both 
open pit and underground operations are very different and 
have different energy needs, for instance, underground mines 
have HVAC energy needs, whereas open pit mines do not.  
(Jeswiet & Szekeres 2016). The energy source for this study 
is the same as that used by dump trucks, excavators, graders, 
and vibrators. Biodiesel B30 is the fuel used. B30 energy is 
used in coal production by only a few mining businesses. The 
use of B30 energy has a number of advantages and disadvan-
tages. In this study, the advantages and disadvantages will 
be examined further using the LCA technique. Compared 
to 100% diesel, it will be seen which part gives an excess 
efficiency in the excavation process. 

Life cycle assessment or LCA is a methodology for 
assessing environmental impacts associated with all the 
stages of the life cycle of a commercial product, process, 
or service (ISO14044 2006). Biodiesel and electricity 
energy sources will be input data in the LCA. The final 
stage is to interpret the impact category study that has been 
carried out. The LCA stages follow (SNI ISO14004 2016) 
standards that contain general information, namely: goal 
and scope of LCA, LCI phase, LCIA phase, interpretation 

phase, report and critical review, limitations, relationship 
phase, conditions for the use of value choices, and optional 
elements (Fig. 1).

Stages, such as interpretation, will be carried out using 
the LCA technique. This part of the process uses a system-
atic approach to identify, test, study, evaluate, and deliver 
conclusions based on the findings of the LCA. It’s done to 
meet the application requirements outlined in the study’s 
objectives and scope.

MATERIALS AND METHODS 

The research was conducted at PT. Bukit Asam Tbk (Perse-
ro), located in the village of Tanjung Enim Market, Lawang 
Kidul District, Muara Enim Regency, South Sumatra. The 
investigation began in August 2020. LCA is used to achieve 
the objective of this study. The LCA method is carried out 
based on the LCA principles and framework in (ISO14040 
2006). The objective is to estimate the environmental im-
pact of coal mining management using biodiesel (B30) as a 
substitute for fuel and an energy source to produce 1 ton of 
Coal (functional unit) as the final product.

Goal and Scope

This study uses the LCA method to estimate coal mining 
management’s environmental impact using electricity, bio-
diesel (B30), and blasting material as an energy source to 
produce 1 ton of coal (function unit) as the final product. 

Inventory Data Collection

There are three types of data in the life cycle inventory 
(LCI): primary data, generic data, and estimation data, as 
presented in Fig. 1.

Primary Data

Primary data was obtained directly from the company and 
then entered as inventory data. Data obtained directly from 
the company can be used immediately and does not undergo 
data processing, but some must be processed to get the same 
unit (unit) as the entry system used in the LCA. The data ob-
tained from the company is in the form of input and output of 
the coal production per month during 2020 from the material 
removal process unit. The data obtained from the material 
removal process is fuel (B30) used by heavy equipment. For 
example, open-pit transportation (rock removal) uses 30% 
energy for waste and 24% energy for ore disposal (Jeswiet et 
al. 2015, Jeswiet & Szekeres 2016). Heavy equipment used 
in the material removal process includes dozers, excavators, 
graders, compactors, and several other supporting heavy 
equipment (Fig. 2 & Fig. 3).
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In addition to input and output data for the coal production 
process, input, output, and emission data is also obtained from 
the coal mining process unit, including coal extracting, coal 
hauling and coal stockpiling (Fig. 3 and Fig. 4). The data ob-
tained from the material removal process will provide results 
of the process using alternative fuels (biodiesel B30) and the 
resulting emissions. First, the LCA assesses the environmental 
costs (Zhou et al. 2021, Ezeokoli et al. 2021). Second, it is 
linked to a product, process, or activity by identifying and 

quantifying the amount of energy and materials used, as well 
as the waste that is released into the environment. 

Generic Data

Generic data is an average value that represents a value based 
on the preliminary information that has been obtained. In 
this process, the initial data acquired will be processed to 
have a relationship with data originating from the material 
removal process unit to produce a production process flow. 
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Fig. 1: Stages of the LCA Method and Fuzzy Inference System. 
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Fig. 1: Stages of the LCA method and fuzzy inference system.
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Fig. 2: Dump Truck and Excavator in Pit 1. 
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from industry. To obtain a complete data flow, we estimate by completing the current values.  At this stage, an estimate is 
made to determine energy use during the mining process. The estimation process is carried out by using reports and 
obtaining data online from employees. 
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Fig. 2: Dump truck and excavator in Pit 1.
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The data of the production flow will be modified into one 
process flow based on the process unit data. 

Estimated Data

The data that has been collected from the industry can be 
done by estimation. It is because not all data can be obtained 
from industry. To obtain a complete data flow, we estimate 
by completing the current values.  At this stage, an estimate 
is made to determine energy use during the mining process. 
The estimation process is carried out by using reports and 
obtaining data online from employees.

Data Analysis

It consists of four stages, namely the goals and scope (goal and 
scope definition), analysis of input and output inventories (life 
cycle inventory analysis), environmental impact assessment 
from inventory data (life cycle impact assessment), and life 
cycle interpretation. The Open LCA database is used to achieve 
goal 1 in this study, as presented in Table 1 (Intergovernmental 
Panel on Climate Change 2014)(USEPA AP 42 1995). 

The initial stage of LCA analysis is determines the goal 
and scope (goal and scope definition) of the analysis (study). 
The purpose here is to estimate the environmental impact 
of coal mining management using biodiesel (B30) as a fuel 
and energy source to generate 1 tonne of coal (functional 
unit) (Fig. 5). The aim of the LCA study will be decided, as 
well as the limitations or scope of the LCA implementation. 
The LCA study will be carried out more systematically and 
directly if a clear purpose and scope is established. Finally, 
the use of LCA as a comparison in various cases was carried 
out as per ISO 14044 2006.

The coal products that will be used by users (consumers) 
are PLN and PLTU. The restrictions imposed will limit the 
raw materials that can be used in the final product.

The data that we have obtained and have become inven-
tory data will be factored using a characterization factor. The 
factor derived from the characterization model is to convert 
the life cycle inventory results into general units of category 
indicators (SNI ISO14004 2016). The goal is to see the flow 
diagram of each unit process carried out at the mine site, and 
there is a process flow, as shown in Fig. 5 below. The unit 
process starts from stripping, blasting, overburden hauling, 
mining, coal processing, and the final coal product with a 
functional unit of 1 ton of coal.

The relationship between impact indicators, inventory 
data, and characterization factors is shown in the table pre-
sented in Table 1. 

The next stage is to carry out normalization and to get an 
impact indicator. Normalization is the calculation of the size 
of a category indicator relative to some reference information. 
The purpose of normalization is to better understand each 
indicator’s comparable magnitude from the product system 
under study. It is an optional element that can be useful. Some 
of the normalizations that can be done include: checking for 
inconsistencies, providing and communicating relatively im-
portant indicator result information, and preparing additional 
procedures, such as grouping, weighting, or life cycle inter-
pretation. The definition of weighting is converting indicators 
from different impact categories using numerical factors based 
on choice values. Therefore, weighting methodologies should 
play an essential role in simplifying LCA output, which would 
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Fig. 4: Compactor (coal mining).

Table.1: The relationship between inventory data and characterization factors.

Amount Emissions Characteristic Factors Equivalents

The amount consumed by the process (input) Emissions released per input unit Characterization factors of impact categories 
(IPCC, GWP)

Total kg eq.
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ultimately help identify priorities and define environmental 
strategies (Vargas-Gonzalez et al. 2019). It can include the 
aggregation of the results of the weighted indicators. Weight-
ing is an element of choice with two possible procedures: 
converting the development of the indicator or normalization 
using the selected weighting factor or combining the corrected 
or normalized indicator results from all impact categories. 
Weighting measures are based on choice values and are not 
scientific. Weighting, one of the steps in LCIA, integrates the 
various environmental impacts by assigning relative impor-
tance to each impact category (Ji & Hong 2016, Curran 2015).

It can be done by analyzing the impact of the data on the 
number of inputs entered into the inventory data to see the 
effect on the environment (McKone et al. 2011,  Berrill et 
al. 2016). The material removal process unit will enter input 
data, such as fuel for topsoil (overburden) and electricity, as 
previously stated. In a mining operation, LCA can be used to 
identify the conditions that need to be improved in order to 
improve the environment (Pell et al. 2019). For the fuel used 
in this process unit and topsoil removal and transportation 
of the top layer, B30 biodiesel fuel is also used for watering 
roadways at the mine site. 
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After the material removal process unit, the next process 
unit is coal mining. The processing unit data was fed into 
the inventory data (coal extracting, coal hauling, and coal 
stockpiling, transportation for blasting material, explosive 
material for blasting, electricity, and mine watering and 
pump for water treatment) as shown in Fig. 6. This process 
unit produces a coal product as its output.

We use distinguishing factors to determine the impact 
category from the inventory data entered in the LCA stage. 
Distinguishing characteristics can use data from databases 
from both open LCA, Gabi and Simapro.

RESULTS AND DISCUSSION

The percentage and contribution of the heavy equipment 
used are shown in Table 2 below. These figures show the 
kg CO2-equivalent emissions produced by each process 
unit. These figures show the kg.CO2-eq.tonne-1 emis-
sions produced by each process unit. Each processing unit 
has uses a type of heavy equipment. Meanwhile, the energy 
source required is electricity taken from the State Electricity 
Company (PLN), B30 biodiesel fuel, and blasting material 
used for blasting. Each of these energy sources has differ-
ent categorical factors. The (Intergovernmental Panel on 
Climate Change 2014)(EPA and Standards 2003) database 
was used as definite factors (David & Khanda 2001). The 

loading and transportation of iron ore (67 percent of total 
mining emissions) produces the largest GHG emissions, as 
diesel-powered loaders and trucks are needed to extract ore 
from the mine for further extraction. According to Tarnoczi 
(2013), the LCA transportation model was constructed for 
transportation of oil sands products by pipeline and rail. 

The second-largest contributor is vegetation and soil 
removal, which includes GHG emissions from microbial 
decomposition of removed biomass and soil, as well as a 
decrease in photosynthetic productivity over the mine’s life. 
The contribution to the loading and transportation of coal was 
255.99 kg.CO2-eq.tonne-1 or 81.5% of the total emissions of 
314 kg.CO2-eq.tonne-1. In this study, the identical results for 
the second contribution are material removal or those related 
to soil removal, as shown in Tables 2 and 3.

The amount of emissions produced by the coal-hauling 
process unit is also shown in Table 2. It means that the pro-
cess of transporting waste and coal materials requires quite 
a large amount of biodiesel fuel. Another thing that is very 
important and needs to be considered is the condition of the 
mine road (Wolfgang & Burgess-Limerick 2014). Before 
each assessment and consequently, each measurement, 
the road is classified according to one of three categories: 
maintained, which occurs in graded surfaces, rough which is 
usually found in new exploitation areas or after wet weather 

Table 2: Impact category each proses unit (B30) (The year 2020).

No Process Unit Impact Category Total kg CO2-eq.
tonne-1 of coal

kg CO2 kg CH4 kg N2O  

1 Fuel for Top Soil and Waste 27.74 0.04 0.44 28.22

2 Electricity for Mine Site Lighting Lamps (Material Removal) 3.33 3.33

3 Water Truck  for Watering the Mine Road 0.87 0.00 0.01 0.89

4 Total kg CO2-eq.tonne-1 of Coal (Material Removal) 32.44

5 Coal Extraction, Coal Hauling, Coal Stockpiling 3.10 0.01 0.07 3.18

6 Transportation for Blasting Material 0.21 0.00 0.00 0.21

7 Explosive Material for Coal Blasting 0.54 0.54

8 Electricity for Mine Site Lighting Lamps (Coal Mining) 5.61 5.61

9 Water Truck  for Watering the Mine Road 0.96 0.00 0.02 0.98

10 Water Pump for Water Treatment 1.56 0.00 0.02 1.59

11 Coal Operation 243.88 243.88

12 Total kg CO2-eq. tonne-1 of Coal (Coal Mining) 255.99

13 Fuel (Coal Crusher, Coal Stacking as Product) 2.33 0.00 0.04 2.37

14 Electricity for Mine Site Lighting Lamps (Coal Processing) 3.12 3.12

15 Coal As Received (Pasca Mining) 20.12 20.12

  Total kg CO2-eq.tonne-1 of Coal (Coal Processing) 25.61

  Total of all       314
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conditions or combination, which means the variety of both 
maintained and uneven (Duarte et al. 2020). 

In general, the results from the unit process made the 
most significant contribution, especially during the coal 
transportation operation, which generated 255.99 kg.CO2-eq.
tonne-1 of coal.

The results given from the impact analysis give a value 
of 32.44 tonnes of CO2-eq.tonne-1 coal for material removal 

process. The activity describes the biodiesel fuel used in 
the process unit for each tonne of coal produced. Energy is 
needed to extract topsoil and waste, to light the mine site 
during excavation using electricity, to remove and dispose 
waste material, and watering the mine road that the dump 
truck traverses.

Furthermore, the findings from the coal mining process 
unit, shows a yield value of 255.99 kg.CO2.eq.tonne-1 coal. 

Table 3: Impact category each process unit (B20 &B30) (The Year.2020).

No Process Unit B20 B30

Impact Category Total kg CO2-eq.
tonne-1 of coal

Impact Category Total kg CO2-eq.
tonne-1 of coal

kg CO2 kg CH4 kg N2O kg CO2 kg CH4 kg N2O

1 Fuel for Top Soil dan 
Over Burden

32.42 0.04 0.44 32.90 27.74 0.04 0.44 28.22

2 Electricity for Mine Site 
Lighting Lamps (Material 
Removal) 

3.33 3.33 3.33 3.33

3 Water Truck  for Watering 
for the Mine Road

1.02 0.00 0.01 1.04 0.87 0.00 0.01 0.89

4 Total kg CO2-eq/tonne of 
Coal (Material Removal)

37.26 32.44

5 Coal extracting, Coal 
Hauling, Coal Stockpiling

3.62 0.01 0.07 3.70 3.10 0.01 0.07 3.18

6 Transportation for Blast-
ing Material

0.24 0.0003 0.003 0.24 0.21 0.00 0.00 0.21

7 Explosive Material for 
Coal Blasting

0.54 0.54 0.54 0.54

8 Electricity for Mine Site 
Lighting Lamps (Coal 
Mining) 

5.61 5.61 5.61 5.61

9 Water Truck  for Watering 
for the Mine Road

1.12 0.00 0.02 1.14 0.96 0.00 0.02 0.98

10 Water Pump for Water 
Treatment

1.82 0.0021 0.03 1.85 1.56 0.00 0.02 1.59

11 Coal Operation 243.88 243.88 243.88 243.88

12 Total kg CO2-eq/ tonne of 
Coal (Coal Mining)

256.96 255.99

13 Fuel (Coal Crusher, Coal 
Stacking as Product)

2.58 0.00 0.04 2.62 2.33 0.00 0.04 2.37

14 Electricity for Mine Site 
Lighting Lamps (Coal 
Processing) 

3.12 3.12 3.12 3.12

15 Coal As Received (Pasca 
Mining)

20.10 20.10 20.12 20.12

16 Total kg CO2-eq/ tonne of 
Coal (Coal Processing)

25.84 25.61

Total of all 320 314
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This result demonstrates the greatest impact. Coal haulage, 
coal stockpiling, and coal operations in the coal extraction 
process require the most fuel. Table 3 shows the final result 
of the coal extracting process, which shows a yield of 25.61 
kg.CO2.eq.tonne-1 of coal. The majority of heavy equipment 
used in the coal mining process is for tasks such as coal 
hauling, coal extraction, water rails, and water pumps.

This tool uses biodiesel fuel and uses electricity obtained 
from the state electricity company (PLN). Transportation 
used is a dump truck to deliver materials. The blasting process 
also requires material for detonating and transportation to 
provide the material to the blasting site. 

Energy consumption data for the loading and hauling 
fleet was collected as part of this study. Much of the equip-
ment used in mining for material movement or haulage is 
powered by diesel engines. Diesel technologies demand a 
lot of energy, accounting for 87 percent of the energy used 
in materials handling (Norgate & Haque 2010). 

The results obtained in this study show a value of 7.6 
kg.CO2.eq.tonne-1 of coal in materials handling compared to 
a previous study that showed a value of 6.0 kg.CO2.eq.tonne-1 
of ore in materials handling (Norgate & Haque 2010). We 
compare the results obtained in this study, namely 81.5% of 
the total emissions from the cradle to gate activity. The result 
is almost similar to Norgate & Haque (2010).

The results of the impact categories presented in table 3 
illustrate the impacts they can have on human health, the en-
vironment, and other resources (Munawer 2018). According 
to Munawer (2018), the effect that is acceptable to humans 
is due to continuous CO2 emissions and underlying climate 
change; global warming is correlated with an increase in 
flood incidence and overall storm activity (Farjana et al. 
2018, Hurlbert et al. 2019).

CONCLUSION

The results of the LCA process contribute to each of the 
processes that have been completed. However, some data 
related to material removal, coal mining, and coal process-
ing is evaluated and estimated according to the conditions 
in the field. Although some data cannot be processed, the 
inventory data input process and categorical factors yield 
an approximate value. 

The impact of metal production processes, particularly 
those linked to energy content and greenhouse gas emis-
sions, on the environment can be seen from the value of the 
contribution of the mining and mineral processing phases 
to the environment.

The results that have been obtained from each process 
unit are:

	 1.	 Total material removal is 32.44 kg.CO2 eq.tonne-1 of 
coal.

	 2.	 Total coal mining is 255.99 kg.CO2.eq.tonne-1 of coal.

	 3.	 Total coal processing is 25.61 kg.CO2.eq.tonne-1 of coal.

The results obtained in the coal mining process unit gave 
81.5% of the total emission produced. Therefore, the total 
emissions resulting from B30 fuel (314 kg.CO2.eq.tonne-1 
of coal) are smaller than B20 fuel (320 kg.CO2.eq.tonne-1 
of coal), 6 kg.CO2.eq.tonne-1 of coal. The coal mining pro-
cess includes fuel used in coal extracting, coal hauling, coal 
stockpiling, blasting, water pumps, water tracks. Meanwhile, 
the state electrical corporation provides electricity for mining 
street lighting (PLN).
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