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 This study aims to investigate the differences in the average loading 
order quantities during the LPG 3 Kg filling process, as influenced by the 
type of filling machine brand. Specifically, the research focuses on three 
brands of filling machines: KOSAN-215H, DAESUNG-2189, and 
ELIXIR-217Q, which are utilized at the LPG Filling Stations (SPBE) in the 
Sumatera Utara-SAR Medan PT Pertamina Patra Niaga C&T. The 
statistical method employed for analysis is One-Way Univariate 
Analysis of Variance (ANOVA). A total of 27 observations were 
collected for each machine brand. The results of the analysis show that 
the calculated F-Statistic (3.171240679) exceeds the F-Critical 
(3.11379226), with a P-value of 0.0474111978, which is < 0.05 
significance threshold. Therefore, the null hypothesis (H0) is rejected, 
and the alternative hypothesis (H1) is accepted, indicating that there is 
a statistically significant difference in the average loading order 
quantities among the three filling machines. These findings suggest that 
the loading order quantities differ significantly across the different 
brands of 3 KG LPG filling machines. 
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INTRODUCTION 
PT Pertamina Patra Niaga C&T (Commercial & Trading) is a subsidiary of PT Pertamina (Persero), 
focusing on distribution and energy sectors in Indonesia. As part of Pertamina, the company is 
responsible for ensuring a sufficient and secure energy supply through efficient management, 
particularly in the provision of fuel and gas. 

SPBE (Stasiun Pengisian Bulk Elpiji) are facilities managed by PT Pertamina (Persero), 
used for filling liquefied petroleum gas (LPG) into bulk or tube, which are then distributed by 
LPG agents to meet the needs of end users. SPBE plays a critical role in maintaining a steady 
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supply of LPG fuel throughout Indonesia. To achieve this, adequate infrastructure is essential to 
support the company’s daily operations. The LPG filling process occurs in a filling hall, where 
multiple filling machines operate continuously over specified periods. There is a suspicion that 
differences in machine performance may be influenced by the brand of the vendor, which could 
impact the loading order quantity in the filling process. Therefore, it is necessary to conduct 
testing to determine the effect of the filling machine brand on the loading order quantity during 
the LPG 3 KG filling process (Study case: SPBE Wilayah Sumatera Utara-SAR Medan PT 
Pertamina Patra Niaga C&T). Analysis of Variance (ANOVA) is a statistical method first 
developed and introduced by Sir Ronald A. Fisher [1]. It is commonly used for hypothesis testing 
to draw conclusions about differences in population means by comparing the variances across 
more than two groups.[2] 

Thus, this research aims to provide conclusions that can serve as a reference for decision-
making in selecting the most optimal machine brand for operational efficiency, contributing to 
the smooth distribution and fulfillment of fuel needs for the people of Indonesia, particularly in 
the Sumatra Utara region. 

METODE 
The methodology employed in this quantitative study is One-Way Univariate Analysis of 
Variance (ANOVA), which is used to test for differences in the means of more than two groups 
of the independent variable X. The independent variable in this study is the brand of the LPG 
filling machine, with three treatment groups: KOSAN-215H (A1)[3], DAESUNG-2189 (A2)[4], 
and ELIXIR-217Q (A3)[5]. The dependent variable measured is the loading order quantity 
recorded during the  LPG 3 KG filling process.  

The data for this analysis were obtained from 27 observations for each machine brand over a 
one-month period. Hypothesis testing was conducted at a significance level of α = 0.05. The 
ANOVA results were analyzed by comparing the calculated F-value with the critical F-value to 
determine whether there is a statistically significant difference between the three filling machine 
brands. 
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This study aims to test the differences in means between several groups using the One-Way 
Univariate ANOVA statistical method. The first step in the research is problem definition, where 
the focus is on the differences in the loading order quantity of LPG filling machines based on 
their brand. After the problem is defined, a literature review is conducted to understand the 
relevant theories and statistical methods used in similar studies. 

Next, the hypothesis formulation step is undertaken, where two hypotheses are 
developed: the null hypothesis (H0), which states that there is no significant difference between 
the groups, and the alternative hypothesis (H1), which posits that there is a significant difference. 
The researcher then designs the study by selecting the appropriate research methodology, 
specifically One-Way ANOVA, which is used to compare more than two groups. Afterward, data 
collection takes place, with observations made on each type of filling machine.  

The study collects a sample of 27 data points for each machine type over the course of 
one month. Once the data is collected, the next step is data analysis, where ANOVA is used to 
test if there are significant differences between the analyzed groups. 

Following the analysis, the next step is result interpretation, which involves comparing the 
calculated F-Statistic to F-Critical to determine whether significant differences exist between 
the groups. If significant differences are found, the researcher proceeds to conclusion and 
recommendations based on the findings. The aim of this study is to provide better insights into 
selecting the optimal filling machine to improve the efficiency and accuracy of the filling process, 
offering recommendations based on the results obtained. 

RESULT AND DISCUSSION 

In this study, the author utilized 27 sample data points for each of the three different machine 
brands, with data collected over a one-month period. Prior to conducting the analysis, the data 
were subjected to normality and homogeneity tests to ensure their suitability for further 
statistical testing. The data sets are as follows: 

 

 

 

 

 

 

 



106 
 

 

Table 1. Data Sample 

 

Formulating the Hypotheses 
The initial step in this study involved formulating the hypotheses, which are stated as follows: 

- H0: There is no significant difference in the loading order quantity for LPG 3 KG filling 
when using machines of different brands. 

- H1: There is a significant difference in the loading order quantity for LPG 3 KG filling 
when using machines of different brands. 

 
The next step involves formulating the mathematical hypotheses as follows: 

- H0: μ1=μ2=μ3 
- H1: μ1≠μ2≠μ3 

 
H0 asserts that there is no difference in the means of the factors. However, if a difference is 
found, it will be considered under H1. After establishing the mathematical hypotheses, the next 
step is to determine the significance level (alpha). Alpha represents the allowable probability of 
a Type I error in statistical testing. In this study, an alpha value of 0.05 was used.. 

Filling Date

Dec-24 KOSAN -215H DAESUNG - 2189 ELIXIR - 217Q

12/1/2024 14,560.00             15,120.00                  16,800.00                 

12/2/2024 16,240.00             16,240.00                  16,240.00                 

12/3/2024 16,800.00             15,680.00                  16,240.00                 

12/4/2024 15,120.00             16,240.00                  16,240.00                 

12/5/2024 16,240.00             15,120.00                  16,800.00                 

12/6/2024 14,000.00             16,240.00                  16,240.00                 

12/7/2024 15,120.00             15,680.00                  18,480.00                 

12/9/2024 14,560.00             16,240.00                  17,920.00                 

12/10/2024 15,120.00             15,120.00                  16,240.00                 

12/11/2024 15,120.00             17,360.00                  15,120.00                 

12/12/2024 16,240.00             15,120.00                  17,920.00                 

12/13/2024 13,440.00             15,120.00                  17,360.00                 

12/14/2024 16,240.00             15,680.00                  18,480.00                 

12/16/2024 16,240.00             16,800.00                  16,240.00                 

12/17/2024 17,360.00             16,800.00                  17,360.00                 

12/18/2024 14,000.00             16,240.00                  16,800.00                 

12/19/2024 14,560.00             15,120.00                  15,680.00                 

12/20/2024 14,000.00             15,680.00                  15,120.00                 

12/21/2024 15,120.00             15,680.00                  18,480.00                 

12/23/2024 15,680.00             16,240.00                  17,920.00                 

12/24/2024 2,800.00                6,720.00                     4,480.00                   

12/25/2024 18,480.00             16,800.00                  16,800.00                 

12/26/2024 13,440.00             15,680.00                  17,920.00                 

12/27/2024 14,000.00             15,680.00                  16,800.00                 

12/28/2024 14,560.00             15,680.00                  17,360.00                 

12/30/2024 15,120.00             15,120.00                  16,240.00                 

12/31/2024 15,120.00             15,120.00                  16,240.00                 

Total 399,280.00          418,320.00               443,520.00              

Loading Order Quantity in PCS
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Here’s a more precise version: 
The decision rule applied in drawing conclusions is as follows: 
IF F-statistic > F-Critical   Then Reject H0 
IF F-statistic ≤ F-Critical  Then Accept H0 where reject H1 
To simplify the calculation of the F-statistic, the following auxiliary table was used: 
 
 

 
Performing the Statistical Test: 
Using the Auxiliary Table above, the sums for each group (X1, X2, and X3) were computed as 
follows: 
 
ƩXTotal = ƩX1 + ƩX2 + ƩX3 

ƩXTotal =  399,280.00 +  418,320.00 +  443,520.00 
ƩXTotal =  1,261,120.00 

The sum of squares for each of the totals can be explained as follows:  
(ƩXTotal)2=(ƩX1)2 + (ƩX2)2 + (ƩX3)2 

(ƩXTotal)2=  6,091,052,800.00 +   6,571,488,000.00 +   7,457,408,000.00 
(ƩXTotal)2=  20,119,948,800.00 

Next, the sum of squares (JKT) for the total variances (T) is determined using the following: 

formula:JKT = 𝛴𝑥𝑇2 - (𝛴𝑥𝑇𝑜𝑡𝑎𝑙)2

𝑛𝑇𝑜𝑡𝑎𝑙
 

Dec-24 KOSAN -215H DAESUNG - 2189 ELIXIR - 217Q X1
2

X2
2

X3
2

12/1/2024 14,560.00                       15,120.00                  16,800.00                         211,993,600.00               228,614,400.00         282,240,000.00       

12/2/2024 16,240.00                       16,240.00                  16,240.00                         263,737,600.00               263,737,600.00         263,737,600.00       

12/3/2024 16,800.00                       15,680.00                  16,240.00                         282,240,000.00               245,862,400.00         263,737,600.00       

12/4/2024 15,120.00                       16,240.00                  16,240.00                         228,614,400.00               263,737,600.00         263,737,600.00       

12/5/2024 16,240.00                       15,120.00                  16,800.00                         263,737,600.00               228,614,400.00         282,240,000.00       

12/6/2024 14,000.00                       16,240.00                  16,240.00                         196,000,000.00               263,737,600.00         263,737,600.00       

12/8/2024 15,120.00                       15,680.00                  18,480.00                         228,614,400.00               245,862,400.00         341,510,400.00       

12/9/2024 14,560.00                       16,240.00                  17,920.00                         211,993,600.00               263,737,600.00         321,126,400.00       

12/10/2024 15,120.00                       15,120.00                  16,240.00                         228,614,400.00               228,614,400.00         263,737,600.00       

12/11/2024 15,120.00                       17,360.00                  15,120.00                         228,614,400.00               301,369,600.00         228,614,400.00       

12/12/2024 16,240.00                       15,120.00                  17,920.00                         263,737,600.00               228,614,400.00         321,126,400.00       

12/13/2024 13,440.00                       15,120.00                  17,360.00                         180,633,600.00               228,614,400.00         301,369,600.00       

12/15/2024 16,240.00                       15,680.00                  18,480.00                         263,737,600.00               245,862,400.00         341,510,400.00       

12/16/2024 16,240.00                       16,800.00                  16,240.00                         263,737,600.00               282,240,000.00         263,737,600.00       

12/17/2024 17,360.00                       16,800.00                  17,360.00                         301,369,600.00               282,240,000.00         301,369,600.00       

12/18/2024 14,000.00                       16,240.00                  16,800.00                         196,000,000.00               263,737,600.00         282,240,000.00       

12/19/2024 14,560.00                       15,120.00                  15,680.00                         211,993,600.00               228,614,400.00         245,862,400.00       

12/20/2024 14,000.00                       15,680.00                  15,120.00                         196,000,000.00               245,862,400.00         228,614,400.00       

12/22/2024 15,120.00                       15,680.00                  18,480.00                         228,614,400.00               245,862,400.00         341,510,400.00       

12/23/2024 15,680.00                       16,240.00                  17,920.00                         245,862,400.00               263,737,600.00         321,126,400.00       

12/24/2024 2,800.00                          6,720.00                     4,480.00                           7,840,000.00                    45,158,400.00           20,070,400.00         

12/25/2024 18,480.00                       16,800.00                  16,800.00                         341,510,400.00               282,240,000.00         282,240,000.00       

12/26/2024 13,440.00                       15,680.00                  17,920.00                         180,633,600.00               245,862,400.00         321,126,400.00       

12/27/2024 14,000.00                       15,680.00                  16,800.00                         196,000,000.00               245,862,400.00         282,240,000.00       

12/29/2024 14,560.00                       15,680.00                  17,360.00                         211,993,600.00               245,862,400.00         301,369,600.00       

12/30/2024 15,120.00                       15,120.00                  16,240.00                         228,614,400.00               228,614,400.00         263,737,600.00       

12/31/2024 15,120.00                       15,120.00                  16,240.00                         228,614,400.00               228,614,400.00         263,737,600.00       

ƩX1 ƩX2 ƩX3 ƩX1
2

ƩX2
2

ƩX3
2

Total 399,280.00                    418,320.00               443,520.00                      6,091,052,800.00           6,571,488,000.00    7,457,408,000.00  

Table 2. Auxiliary Table 
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The total number of observations (n) for each factor is as follows: 

n1, n2, n3= 27 with ntotal = 81 

Further the sum of squares (JKT): 
JKT =  1,261,120.00 2 -  20,119,948,800.00 2

81
 

JKT =  20,119,948,800.00 -   1,590,423,654,400.00  

81
 

JKT =  20,119,948,800.00 -  1,905,747,200 
JKT =   485,088,869.14  
 
Next, to calculate the Sum of Squares Between Groups (JKK), the following formula is used: 
 

JKK =  (𝛴𝑥1)2

𝑛1
 + (𝛴𝑥2)2

𝑛2
 + (𝛴𝑥3)2

𝑛3
 - (𝛴𝑥𝑇𝑜𝑡𝑎𝑙)2

𝑛𝑇𝑜𝑡𝑎𝑙
 

JKK =  (  399,280.00  )2

27
 + (  418,320.00 )2

27
 + (  443,520.00  )2

27
 - (  1,261,120.00 )2

81
 

JKK =    5,904,611,792.59 +  6,481,171,200.00   +   7,285,555,200.00   -   19,634,859,930.86   

JKK =      36,478,261.73   

Once the values for the Total Sum of Squares (JKT) and the Sum of Squares Between Groups 
(JKK) are obtained, the Sum of Squares Within Groups (JKE) can be calculated using the 
following formula: 

JKE = JKT – JKK 

JKE =  485,088,869.14 −    36,478,261.73   

JKE =   448,610,607.41   

 
Determining the Degrees of Freedom (DF): 
In the ANOVA method, there are two types of degrees of freedom (DF) involved, which differ 
from the single degree of freedom used in t-tests[6]. The notations for these degrees of freedom 
are as follows: 
 
Where K represents the number of groups or factors within the independent variable X. 
 
DF1=K-1 
DF1=3-1 
DF1=2 

DF2=K(n-1) 
DF2=3(27-1) 
DF2=78 
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Next, the variance values can be determined, where MSE is the mean square error (average of 
the within-group sum of squares), and MSK is the mean square between groups (average of the 
between-group sum of squares). These can be expressed as follows: 
 
MSE=  𝐽𝐾𝐸 

𝐾(𝑛−1)
 dan MSK= 𝐽𝐾𝐾 

𝐾−1
 

 
MSE=  𝐽𝐾𝐸 

𝐾(𝑛−1)
  

MSE=448610607.4

3(27−1)
  

MSE=448610607.4

78
 

MSE=5751418.044 
 
MSK= 𝐽𝐾𝐾 

𝐾−1
 

MSK= 36478261.73 

3−1
 

MSK= 36478261.73 

2
 

MSK=18239130.86 
 
After completing all the calculations above, the calculated F-Statistic is determined using the 
following formula: 
 
F-Statistic=  𝑀𝑆𝐾 

𝑀𝑆𝐸
 

F-Statistic =  18239130.86 

5751418.044 
 

F-Statistic = 3.171240679 
 
Further, the F-Critical  value can be determined by combining the calculations above with the 
critical value. Thus, for α = 0.05, with DF1 (numerator) = 2 and DF2 (denominator) = 78, the F-
Critical  value is as follows: 
 

F-Critical  = Fα(DF1,DF2) 
F-Critical  = (0.05)(2;78) 
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Anova: Single Factor

SUMMARY

Groups Count Sum Average Variance

KOSAN -215H 27 399280 14788.14815 7170807.977

DAESUNG - 2189 27 418320 15493.33333 3473723.077

ELIXIR - 217Q 27 443520 16426.66667 6609723.077

ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 36478261.73 2 18239130.86 3.171240679 0.047411198 3.11379226

Within Groups 448610607.4 78 5751418.044

Total 485088869.1 80

 

Based on F-Distribution table with Fα = 0.05; DF1 (numerator) = 2; DF2 (denominator) = 78 we 
obtain that F-Critical  = 3.11379226. 

Therefore, we are nearing the conclusion of the test, with the calculated F-Statistic is  
3.171240679 and the F-Critical  value of 3.11379226. According to the decision rule, since F-
Statistic > F-Critical  then null hypothesis (H0) is rejected, leading to the conclusion that H1: 
There is a significant difference in the loading order quantity for LPG 3 KG filling when using 
machines of different brands. 
 
When compared to the computational test, the results align with the manual calculations, as 
demonstrated below: 
 
 

 

 

  

 

 

 

 

Visual Presentation:   
In the visual presentation using a scatter plot, we can observe the distribution of each factor, the 
mean quantity of the dependent variable, and the level of variability. The data can be presented 
as follows: 

Table 3. F-Distribution 

Table 4. Anova Computation Result 
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X-axis: 
The horizontal axis represents the type of filling machine, where: 
1 denotes KOSAN-215H, 
2 denotes DAESUNG-2189, 
3 denotes ELIXIR-217Q. 
 
Y-axis: 
The vertical axis represents the loading order quantity of LPG 3 KG (measured in pieces). These 
values are the observed quantities for each type of filling machine. In the data distribution for 
KOSAN-215H, there is significant variability, with values ranging from 2,800 to 18,480. A few 
data points, such as 2,800, represent low outliers. For DAESUNG-2189, the data is more 
concentrated compared to KOSAN, though some variability still exists. The loading order 
quantities fall within the range of approximately 6,720 to 17,360. For ELIXIR-217Q, the data 
tends to be skewed towards higher values, with the range spanning from 4,480 to 18,480, 
showing generally higher quantities compared to both KOSAN and DAESUNG 
 

CONCLUSION 
The calculated F-Statistic (3.171240679) exceeds the F-Critical  value (3.11379226), with a P-
value of 0.0474111978 (below 0.05). This result leads to the rejection of the null hypothesis 
(H0), indicating a statistically significant difference in the mean loading order quantities across 
the three machines. ELIXIR-217Q demonstrates higher efficiency in achieving larger loading 
order quantities, consistently showing a higher average compared to the other machines. It 
exhibits a trend towards higher quantities, with values approaching the upper limit of the range, 

Figure 2. Scatter Plot Visual 
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and has a consistently higher mean loading order compared to both KOSAN-215H and 
DAESUNG-2189. DAESUNG-2189, while exhibiting more stability around the central values, 
does not perform as efficiently as ELIXIR-217Q. On the other hand, KOSAN-215H shows 
substantial variability, which may reflect inconsistent performance, with a wider data 
distribution and notable fluctuations in machine output. 
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