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Abstract

This study aims to evaluate the feasibility of using blended coal as fuel for steam power plants (PLTU) by examining
the quality of MT-47 coal from PT Bukit Asam through proximate analysis and statistical trend analysis. High-calorie
coal (A) and low-calorie coal (B) were blended at ratios of 30:70, 40:60, 50:50, and 60:40, and then tested in the
laboratory to determine the intrinsic moisture (IM), ash content, volatile matter (VM), and fixed carbon (FC) content.
The test results showed that the IM value ranged from 24.78-27.93%, ash from 4.52-5.79%, VM from 36.05—
39.21%, and FC from 30.22-31.50% (adb). Regarding the quality of MT-47, only the ash parameters at the 30:70
and 40:60 ratios meet the standard limits, while the IM, VM, and FC at all ratios do not comply with the MT-47
specifications. Linear regression analysis and Pearson correlation coefficients show a very strong linear relationship
between the blending ratio and all proximate parameters, with high correlation values (|r] > 0.95) and coefficients of
determination above 95%, thus indicating a consistent trend of quality changes due to variations in the blending ratio.
Overall, the 30:70 ratio is the composition closest to the quality of MT-47, although this coal mixture still requires
further quality improvement processes to be suitable for direct use as PLTU fuel.
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INTRODUCTION

Coal remains the dominant energy source for electricity supply in Indonesia due to its abundant availability,
relatively low operating costs, and adaptability to various combustion technologies. The International Energy Agency
(2022) reports that coal remains a crucial component of the global energy mix, particularly in developing countries
that are expanding the capacity of their national electricity systems. In Indonesia, this role aligns with data from the
Ministry of Energy and Mineral Resources (2023), which shows that national coal reserves are found primarily in
Sumatra and Kalimantan, with South Sumatra in particular accounting for 45% of the national reserves. Coal quality
varies significantly depending on its geological conditions. Variations in coal quality are strongly influenced by the
degree of coalification, mineral composition, and geological history. South Sumatran coal, for example, is dominated
by low- to medium-rank coal, which generally has a high moisture content and moderate calorific value. Handayani
et al. (2020) state that moisture content is directly related to the decrease in calorific value, thus affecting combustion
efficiency. To systematically assess coal quality, proximate analysis is an international standard method as established
by ASTM International (2021). Proximate analysis includes measurements of inherent moisture, ash, volatile matter,
and fixed carbon, which determine combustion characteristics and energy efficiency, respectively.+

Improving the quality of low-rank coal is a challenge for the energy industry due to its volatile
characteristics. Magister et al. (2024) noted that various quality improvement methods have been developed, such as
thermal drying and advanced processing technologies, although these methods often incur high costs. One more
economical approach is coal blending, which involves mixing coal from different sources to achieve a quality that
meets user specifications. Cahyono et al. (2023) demonstrated that blending can improve quality consistency and
reduce coal quality variability.

In the context of power plants, the quality of coal blending needs to be adjusted to established quality
standards, one of which is the MT-47 specification. Ronal et al. (2023) emphasized that external factors such as
weather can affect the quality of as-received coal, making composition control through blending a crucial step in
maintaining stable power plant operations. Furthermore, Pangestu et al. (2025) demonstrated that blending can
produce coal with more uniform quality and meet domestic energy market demand.
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This study was conducted to determine the results of proximate testing of mixed coal with several variations
in composition ratios, as well as to analyze the trend of changes in proximate properties against the mixture ratio
used. Testing was carried out in a laboratory with one test (single run) for each variation, without repetition
(duplo/triplo) due to time and facility limitations. Therefore, the analysis in this study is descriptive and exploratory,
with a focus on the trend of changes in coal quality characteristics. Optimization modeling of coal blending quality
parameters is expected to contribute to knowing and transmitting coal quality in South Sumatra as a national energy
development center whose characteristics differ in each coal-producing district so that it can be developed for coal
gasification, coal liquefaction and coal briquettes in the future as well as providing coal supplies in the country

METHOD
Research Design and Methodological Framework

The research design involved three key stages: field survey, sampling, and laboratory experimental testing,
including preparation and proximate analysis experiments. Preparation and experiments were conducted at the
Mineral Materials Processing Laboratory, Faculty of Engineering, Sriwijaya University. The methodology was
designed to ensure logical consistency and laboratory-scale experiments to model high- and low-quality coal
handling procedures through the coal blending process. This included sample preparation, sample preparation, initial
characterization, dry separation, proximate analysis, and data analysis. A schematic illustration is shown in Figure 1.
The specific sequence can be seen in Figure 2.

Trend Analysis of Proximate Parameters of Mixed Coal Against SAMPLE CRUSHING
MT-47 Quality Standard of PT Bukit Asam as a Reference for

Feasibility for PLTU l
BALL
MILL
Literature study ¢
Field survey SIEVING

’ COAL SIZE FRACTION

Primary Data Collection Data Sekunder
1. Coal sampling data |. Nilai parameter proksimat
2. Coal preparation data batubara A dan B
3. Laboratory test results 1. Data Kualitas Batubara MT-47 SAMPLE
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MIXTURE RATIO MEASUREMENT
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Results and Discussion ] COAL PROXIMATE
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Conclusion and Suggestions ] Analysis of Optimal
Coal Blending Ratio

Figure 1. The Study Flowchart Figure 2. Design Coal Blending Ratio

Data Collection Techniques

This research was designed and implemented through a series of steps including sampling, preparation,
mixing, laboratory testing, and data processing and analysis. The activities were conducted at two main locations:
the Mining Engineering Materials Processing Laboratory of Sriwijaya University for sample preparation, and the
Geolab Engineering Implementation Unit (UPTD) of the South Sumatra ESDM Office for proximate testing. Both
facilities were selected because they have standard equipment and support calibrated coal property testing.
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Figure 3. Sampling activities at PT Bukit Asam, Tbk and PT. Wijaya Energi

Representative samples were obtained from two mine sites. Coal Sample A, from PT Bukit Asam Tbk in Tanjung
Enim, is a higher-calorie coal, while Coal Sample B, from PT Sinar Wijaya Energi in Lahat, is a lower-calorie coal
(Figure 3).

The research used was descriptive-experimental, aiming to describe changes in the proximate characteristics of coal
due to variations in the blending of two coal sources with different heating values. The research stages included
literature review, sampling, preparation, laboratory testing, and analysis and interpretation of the results.

Sample Preparation

Sample preparation begins with the crushing stage. Samples were crushed using a jaw crusher (JBO024FFA) to a
particle size of <10 mm as the initial processing step. Subsequently, the samples were ground using a ball mill to
reduce the particle size and improve homogeneity. The ball mill operating speed was set at 85% of the critical speed,
which is calculated using the equation:

Where: Nc = critical speed (rpm); D = ball mill diameter (m) and D = diameter of the ball (m)

After the refining process, the samples were sieved using a sieve shaker with a total weight of 1.5 kg to
obtain a uniform size distribution. The fraction passing 75 mesh was selected as the test fraction, as required for
proximate analysis. The samples were then homogenized using the cone and quarter method to ensure even particle
distribution before the mixing stage.

The mixing process was carried out with four mass ratios between coal A and B: 30:70, 40:60, 50:50, and
60:40. Each composition was weighed at 300 grams, mechanically mixed, and labeled according to its ratio. These
mixed samples were then tested in the laboratory to determine their inherent moisture (IM), ash, volatile matter
(VM), and fixed carbon (FC) values.

Coal
Blending
Ratio

Figure 4. Figure 4. Coal Mixing Ratio Experimentation

Proximate Analysis
Inherent Moisture (IM) is tested by heating 1 gram of sample at 105°C for 1 hour until constant weight. The
IM value is calculated using the following equation
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Where: IM = Inherent moisture; W1 = Sample weight (grams) and W2 = Remaining drying results (grams)

Ash Contenttested by heating 1 gram of sample at a temperature of 900 £ 15°C for 7 minutes in a closed
atmosphere. Ash value is calculated using the following equation:

w?2
ASh = 2 X100%0..c.ororoeosesocsonososesseososese 3)

Where: Ash= Ash content; W1 = Sample weight (grams) and W2 = Remaining drying results (grams)

Volatile Matter(VM) is tested by heating 1 gram of sample at a temperature of 400 — 450°C for 1 hour, then the
temperature will be raised to 750°C and heated again for 2 hours. The VM value is calculated using the following
equation:

VM = wi-w2

Where: VM = Volatile matter; W1 = Sample weight (grams); W2 = Remaining drying results (grams)

Fixed Carbon(FC) is obtained by subtracting the results from the water content, ash content, and volatile matter. FC

is calculated using the following equation:
FC =100 — (IM + Ash +VM)...cccceecvvcvrvvnnnne. )

RESULTS AND DISCUSSION
Particle Size Distribution

The particle size distribution was obtained from a milling process using a ball mill and a 75-mesh sieve. The
measurement results showed that approximately 52% of the sample passed the 75-mesh sieve after 30 minutes. The
particle size distribution can be seen in Figures 5 and Figure 6 below: Graph of distribution of retained weight of
sample A against sieving time for total fraction (mesh)

Grap of distribution of retained of sample A
against sieving time for total fraction (mesh)
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Figure 5. Graph of distribution of retained weight of sample a against sieving time
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against sieving time for total fraction (mesh)
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Figure 6. Graph of distribution of retained weight of sample b against sieving time
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Particles measuring 75 mesh were then mixed based on the coal mass ratio A:B of 30:70, 40:60, 50:50, and
60:40 with a total weight of each sample of 300 grams.

Proximate Test Results

nalysis of the proximate test results was carried out to assess the quality of blended coal based on the
parameters of intrinsic moisture (IM), ash content, volatile matter (VM), and fixed carbon (FC) which can be seen
in Table 1 and Figure 7 below showing the inherent moisture (IM) value against the coal blending ratio:

Table 1. Results of proximate analysis of mixed coal (adb)

Mixture Ratio M Ash (%) VN (%) FC
(A:B) (%) (%)
30:70 27.93 4.52 36.05 31.50
40 : 60 27.31 4.79 36.67 31.23
50:50 25.69 5.31 38.30 30.70
60 : 40 24.78 5.79 39.21 30.22

IM Value on MT-47 Coal Quality
% 30% 27,93% 27,31% 25 31%

: 24,78%
M sy
20%

15%

15%
5%

MT-47 30:70 40:60 50:50 60:40

\ Blending Ratio

Figure 7. Graph of IM value against MT-47 coal quality

Test results showed that all IM values for the entire coal mixture were above the standard limit. The high
moisture content in these test results was likely due to the suboptimal drying process of the samples prior to analysis.
Water was still retained within the coal's pore structure, resulting in higher measured inherent moisture (IM) values.

Ash Content Analysis (AC) of MT-47

Test results show that the 30:70 and 40:60 ratios still meet the maximum standard ash limit, while the 50:50
and 60:40 ratios have exceeded this limit (Figure 8). This condition indicates a tendency for ash content to increase
as the proportion of coal A in the mixture increases.

Ash value against MT-47 quality .
Z’c ::: 9% e o 5,31%

4%
3%
2%
1%
0%

MT-47 30:70 40:60 50:50 60:40

I BlendingRatio I

Figure 8. Graph of ash (AC) value against MT-47 coal quality
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Volatile Matter Analysis of MT-47

VM value against MT-47 coal quality
a5%

40%
20% o 38.30% 39,21%

36,05% 36,57%

35%
30%
25%
20%

MT-47 30:70 40:60 50:50 60:40

| Blending Ratio |

Figure 9. Graph of VM value against MT-47 coal quality

The test results show that all MT-47 Volatile Substance Analysis values are below standard (Figure 9). This
is likely due to the high levels of IM still present in the sample that absorbs energy, causing the volatile substances
that should be fully released to be measured less than optimally

Fixed Carbon Analysis of MT-47

FC value against MT-47 coal quality
45%

41%
40%
35%

31,50% 31,23% 30,70% 30,22%

30%
20%

MT-47 30:70 40:60 50:50 60:40

Figure 10. Graph of FC value against MT-47 coal quality

From the test results, it was found that all FC values of all mixtures were far below standard.
This indicates that the blended coal has a relatively low fixed carbon content, meaning the amount of carbon
remaining after volatile combustion is lower than standard. This also results in lower heat energy production (Figure
10).

Regression Analysis of Mixed Coal

To understand the relationship between coal blending ratio and its proximate characteristics, a simple
regression analysis was performed on each parameter (moisture content, ash content, volatile matter, and fixed
carbon). This analysis aims to determine the direction and strength of the relationship between parameter changes
and variations in the coal blending ratio.

Inherent Moisture Trend

Linear regression yields the equation y = —0.11x + 31.41, indicating that every 1% increase in coal A
composition causes a 0.11% decrease in IM. The correlation value of r = —98.66% indicates a very strong negative
relationship, while R? = 97.34% indicates that almost all variations in IM can be explained by changes in the mixture
ratio. Physically, this trend illustrates that coal A has lower moisture content than coal B, so that increasing its fraction
reduces the total IM of the mixture (Figure 11).
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This pattern is consistent with the characteristics of higher-ranked coals, which generally have lower porosity and
less inherent moisture.

Relationship between mixed coal ration and IM
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R* =97,34%

S, 24,78%

24,30%
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Figure 11. Graph of the relationship between the coal mixture ratio and IM

Ash Content Trend

The Ash parameter follows the regression equation y = 0.04x + 3.15, with a correlation value of r = 99.20%,
indicating a very strong positive relationship. Increasing the ratio of coal A consistently increases the ash content by
0.04% for every 1% increase in the mixture ratio. The R? value = 98.40% indicates that the regression model has
very high accuracy in explaining changes in Ash (Figure 12). This increase indicates that coal A contains higher
inorganic minerals than coal B, such as silica (Si0-), alumina (Al.Os), and iron oxide (Fe203).

Relaianship between mixed coal and Ash

5,90% 5,79%

5,50%

y =0,04%x + 3,15%
r =99,20%
R* =98,40%

5,10%

Ash, %
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25 35 45 55 65
Coal blend Ratio (%)

Figure 12. Graph of the relationship between the coal mixture ratio and ash

Volatile Matter Trends

For volatile matter, the equation y = 0.11x + 32.49 was obtained with an r value of 98.20%, which means
that VM increased strongly and in line with the increase in coal composition A. The coefficient of determination R?
= 96.26% indicates that the regression model is able to describe the behavior of increasing VM very well (Figure
13).

This increase can be attributed to the increased content of volatile compounds, such as light hydrocarbons,
which play a role in the initial combustion of coal. Variations in sample homogeneity and drying may also affect the
VM value, as some moisture can be released along with the volatile components during heating.
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Relationship between mixed coal ratio and VM
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Figure 12. Graph of the relationship between the coal mixture ratio and VM

Fixed Carbon Trends
FC shows the opposite trend with the equation y = —0.04x + 32.95. The correlation value r = —97.93% indicates a
very strong negative relationship, while R* =95.91% illustrates high model accuracy (Figure 14).

Relationship between mixed coal and FC
40,10%
39,21%
39,20%
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> 37,40% r=98,20%
36.57% R? = 96,26%
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25 30 35 0 45 50 55 60 65
Coal Blend ratio (%)

Figure 14. Graph of the relationship between the coal mixture ratio and FC

Every 1% increase in coal A composition decreases FC by 0.04%. This phenomenon indicates that coal A
has lower fixed carbon, so that increasing its fraction reduces the overall solid carbon content of the mixture. This
phenomenon can be caused by an increase in volatile and ash fractions, which shifts the fixed carbon percentage.
Furthermore, FC is also indirectly affected by high moisture content.

CONCLUSION
Based on the results of the research that has been conducted, the following conclusions can be drawn:

1. From the sample preparation process, which includes crushing using a jaw crusher, grinding (ball mill) to
obtain a 75 mesh size fraction, the optimal ball mill rotation was obtained at an operating speed of 69.2 rpm
and a time of 15 minutes. The homogenization process used the cone and quarter method, producing
homogeneous and representative samples. The stability of the particle size distribution after 25 minutes of
sieving indicates that the preparation procedure applied is suitable to support reliable proximate analysis.

2. The proximate test results show that the quality of blended coal is greatly influenced by the mixing ratio of
coal A and B. The intrinsic moisture and fixed carbon values of all samples are outside the MT-47 standard
range, while the ash content parameters still meet the standards at the ratios of 30:70 and 40:60. The volatile
matter values of all samples are slightly lower than the MT-47 standard. Among all the ratio variations, the
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30:70 mixture is the most similar to the characteristics of MT-47 coal, although it does not meet all parameters
simultaneously.

3. Linear regression analysis and Pearson correlation coefficients indicate that the blending ratio has a very strong
linear relationship with all proximate parameters. The correlation coefficient (|r| > 0.95) and the coefficient of
determination (R* > 95%) confirm that changes in blended coal quality can be well predicted based on
variations in the blending ratio. However, the results indicate that coal blending alone is not sufficient to
produce quality equivalent to MT-47 without further quality improvement processes
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