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ABSTRACT 

 

This study aims to analyze the correlation 

between the effectiveness of electricity 

production at PT PLN (Persero) using panel 

data regression methods. Given the high 

demand for electricity in line with economic 

growth and population growth, this state-

owned electricity company needs to ensure 

efficiency in its production. This study uses 

secondary data from the 2023 PT PLN 

Statistical Report to evaluate the influence 

of variables such as load factors, capacity, 

energy sold per customer group, energy 

produced, and the number of generating 

units on company revenue. The 

methodology used is multiple linear 

regression with a panel data approach, as 

well as a series of statistical tests to ensure 

data validity, such as normality tests, 

multicollinearity tests, and Durbin-Watson 

autocorrelation tests. The analysis results 

show that only one variable, namely energy 

sold per customer group, has a significant 

effect on company revenue. Simultaneously, 

the five variables tested contributed 74.3% 

to the company's revenue. Based on these 

findings, it is recommended that PT PLN 

(Persero) focus more on increasing energy 

sales per customer group, particularly in the 

business and industrial sectors. Increased 

promotion and customer acquisition 

programs can be effective strategies for 

increasing revenue and production 

efficiency, as well as having a positive 

impact on the company's profit margin. 

 

Keywords: Panel Data Regression, Electric 

Energy Production, Effectiveness Analysis, 

Energy Efficiency 

 

INTRODUCTION 

Electrical energy constitutes a foundational 

pillar of national infrastructure, supporting 

economic productivity, industrial 

operations, public services, and household 

activities. Indonesia’s increasing 

electrification ratio and the expansion of 

economic activity have driven a steady rise 

in electricity demand in recent years [1][2]. 

As the national electricity provider, PT PLN 

(Persero) is therefore required to sustain 

reliable electricity performance while 

simultaneously ensuring cost efficiency and 

long-term financial viability. 

Understanding the determinants of 

production effectiveness is essential for 

optimizing revenue generation and resource 

utilization. Operational indicators—

including load factor, capacity factor, 

energy generated, and the number of power 

plants—serve as measures of system 
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efficiency and reliability within the 

electricity supply chain [3][4]. At the same 

time, energy sold per customer group 

directly reflects consumer behavior and 

revenue-forming demand patterns, making it 

a central variable in utility finance [5][6]. 

Although these variables are widely 

acknowledged in energy economics, 

research focusing on their comparative 

influence on PLN’s revenue using 

structured econometric modeling remains 

limited. Accordingly, this study aims to 

examine the significance of key operational 

variables in determining PLN’s revenue by 

employing multiple linear regression 

complemented by classical assumption tests 

[7][8]. 

This study contributes to the field of energy 

management and public-utility optimization 

by providing evidence-based insights that 

can support PLN in strengthening 

operational planning, financial forecasting, 

and strategic decision-making. 

 

LITERATURE REVIEW  

A. Energy Demand and Economic 

Activity 

Electricity consumption is strongly 

associated with national economic 

performance. As industrial activities expand 

and household appliance usage increases, 

electricity demand typically exhibits upward 

trends. Data from the Ministry of Energy 

and Mineral Resources indicate a consistent 

rise in electricity demand, signaling 

improvements in economic capacity and 

public welfare [9]. 

B. Multiple Linear Regression 

Multiple Linear Regression (MLR) is a 

statistical method used to analyze the 

relationship between one dependent variable 

and multiple independent variables [10]. 

Valid estimates require compliance with 

classical assumptions such as normality, 

homoscedasticity, and independence of 

residuals [11]. 

The general model is: 

Y=β0+ β1X1+ β2X2+…+ βkXk+ε.  

C. Panel Data Regression 

Panel data integrate cross-sectional and 

time-series dimensions, improving 

estimation accuracy and controlling for 

unobserved heterogenecity [12][13]. 

Although the present research uses cross-

sectional data, the conceptual framework 

aligns with the principles of panel-data 

modeling, particularly regarding the 

treatment of regional variation within PLN’s 

operational units [14]. 

D. Classical Assumption Tests 

From [15], regression validity is assessed 

through several diagnostics: 

1. Normality test (Kolmogorov–Smirnov). 

2. Multicollinearity test (VIF and 

Tolerance). 

3. Autocorrelation test (Durbin–Watson). 

4. t-test for partial significance. 

5. F-test for simultaneous significance. 

 

MATERIALS & METHODS 

A. Research Design 

This study adopted a quantitative 

descriptive research design, aiming to 

systematically evaluate the relationship 

between operational indicators and revenue 

performance at PT PLN (Persero). This 

quantitative approach is appropriate because 

the study examines measurable numerical 

variables and attempts to estimate the 

magnitude of the influence between 

predictors and dependent variables using 

statistical modeling. The descriptive 

component of this design aims to 

characterize the patterns, structures, and 

relationships between variables in PLN's 

operational and financial data. 

This analysis utilizes a multiple linear 

regression framework, supported by 

classical assumption tests, to ensure the 

accuracy, validity, and reliability of the 

estimated parameters. This methodological 

orientation enables this study to generate 

evidence-based insights that can be applied 

to operational planning and strategic 

decision-making in the electricity sector. 

B. Data Source 

This study uses secondary data obtained 

from the 2023 PLN Statistical Report, 

officially published by PT PLN (Persero). 
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This document contains comprehensive 

annual operational and financial statistics 

covering various aspects of electricity 

generation, distribution, and consumption. 

This dataset consists of observations from 

23 regional operating units, representing 

PLN's administrative divisions across 

Indonesia. These units serve as a cross-

cutting element of this analysis, providing a 

diverse representation of geographic, 

demographic, and operational conditions 

across the national electricity grid. 

 

C. Variables 

This study includes one dependent variable 

and five independent variables, each 

selected based on its theoretical relevance to 

revenue generation in electricity utilities. 

1. Dependent Variable 

a. Revenue (%) 

Represents the proportion or level of 

revenue generated by each PLN regional 

operating unit. Revenue is influenced by 

demand-side factors such as electricity 

consumption and customer mix, as well as 

supply-side operational performance. 

2. Independent Variable 

a. Load Factor (%) 

Measures the utilization rate of installed 

electricity capacity over a specified period. 

A higher load factor indicates more 

consistent usage relative to peak demand. 

b. Capacity Factor (%) 

Represents the ratio of actual electricity 

generated to the maximum generation 

possible if all power plants were operating 

at full capacity continuously. This indicator 

reflects operational efficiency and 

production reliability. 

c. Energy Sold per Customer Group (%) 

Includes the proportion of electricity sales 

distributed across all customer segments 

(residential, commercial, industrial, public 

services, and others). This variable serves as 

a key demand-side indicator closely related 

to revenue generation. 

d. Energy Generated (GWh) 

Refers to the total volume of electricity 

generated by PLN's generating units, 

expressed in gigawatt-hours. This variable 

reflects the supply-side capacity of the 

electricity system. 

e. Number of Power Plants (units) 

Indicates the total number of generating 

facilities operating in each region. This 

structural variable captures infrastructure 

availability and potential production 

capacity. 

 

D. Data Processing Steps 

The data analysis procedure consists of 

several structured steps designed to ensure 

methodological rigor and the reliability of 

the statistical results: 

1. Data Extraction 

Relevant operational and financial 

indicators were extracted from the 2023 

PLN Statistics dataset. Only variables 

aligned with the study's analytical 

framework were selected for further 

processing. Data Standardization and 

Preprocessing 

Data were checked for completeness, 

consistency, and uniformity. Measurement 

units were standardized where necessary, 

and missing or anomalous entries were 

handled to maintain dataset integrity. 

2. Normality of residuals using the 

Kolmogorov–Smirnov test 

Multicollinearity assessment using the 

Variance Inflation Factor (VIF) and 

tolerance values. 

3. Autocorrelation detection using the 

Durbin–Watson statistic 

These tests ensure that the model produces 

valid, unbiased, and efficient estimators. 

4. Multiple Linear Regression Analysis 

Regression modeling was performed using 

SPSS software, which allows for the 

estimation of coefficients describing the 

influence of each independent variable on 

the dependent variable. This technique 

quantifies the extent to which operational 

and demand-side factors shape regional 

revenue outcomes.  

5. Model Evaluation and Interpretation 

Model performance and variable 

significance were evaluated using: 

a. t-test to assess the partial significance of 

each independent variable. 
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b. F-test to determine the overall 

significance of the model Coefficient of 

Determination (R²) for m. 

 

RESULT 

A. Normality Test 

 

 
 

 
Figure 1. Test of Normality and Normal P Output 

 

The Kolmogorov–Smirnov normality test 

shows that all variables used in the 

regression model have a significance value 

greater than 0.05, confirming that the 

dataset follows a normal distribution. This 

result is important because the linear 

regression framework assumes that residuals 

come from a normally distributed 

population. Meeting this assumption ensures 

that subsequent statistical inferences, such 

as hypothesis testing and confidence 

interval estimation, remain valid and 

reliable. 

In addition to the numerical tests, graphical 

diagnostics including a P plot and a residual 

histogram indicate that the residual 

distribution closely conforms to the 

expected normal curve. The points in the P 

plot follow the diagonal line, indicating 

minimal deviation from normality. This 

visual confirmation further strengthens the 

validity of the regression model and 

supports its suitability for analytical 

interpretation. 

 

B. Multicollinearity Test 

 

 
Figure 2. Multicollinearity Test Output 

 

The multicollinearity assessment showed 

that all independent variables had tolerance 

values above 0.1 and VIF values below 10, 

indicating the absence of problematic 

multicollinearity. This indicates that the 

predictors are not highly correlated with 

each other and can independently contribute 

to explaining variation in the dependent 

variable. Consequently, the regression 

coefficients generated by the model remain 

stable and interpretable. 

The absence of multicollinearity is crucial to 

ensuring the integrity of a regression 

analysis. Multicollinearity can increase 

standard errors, weaken the significance of 

predictors, and distort coefficient estimates. 

Because the current model does not suffer 

from these issues, each variable can be 

evaluated on its own merits, allowing for a 

more accurate interpretation of the 

underlying relationships. 

 

C. Autocorrelation Test 

 

 
Figure 3. Autocorrelation Test Output 
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The Durbin–Watson statistic of 2.835 

indicates negative autocorrelation among 

the residuals. Although this study used 

cross-sectional data, this phenomenon likely 

arises from structural similarities across 

PLN's regional units. These similarities 

likely stem from uniform regulatory 

practices, standardized operational 

procedures, and consistent tariff schemes 

applied across regions, leading to patterns in 

residual behavior. 

While negative autocorrelation does not 

necessarily invalidate the regression model, 

it does imply that the residuals do not vary 

randomly across units. This may indicate 

the presence of underlying patterns 

influenced by organizational or geographic 

uniformity. Future studies are recommended 

to use time series or panel data to analyze 

this correlation structure and obtain more 

accurate estimates. 

 

D. Partial Significance (t-Test) 

 

 
Figure 4. t-Test Output 

 

A partial significance test indicates that only 

the Energy Sold per Customer Group 

variable has a statistically significant effect 

on revenue (p = 0.000). This finding 

reinforces the inherent structure of the 

electricity industry, where revenue is 

directly related to the volume of electricity 

sold. Higher energy consumption levels 

reflect increased customer activity and 

greater reliance on PLN's electricity supply, 

thus driving financial performance. 

In contrast, the other operational variables—

load factor, capacity factor, energy 

generated, and number of power plants—did 

not show significant individual effects. This 

suggests that these indicators primarily 

measure operational efficiency rather than 

revenue generation. Their effect on revenue 

is indirect and likely dependent on broader 

demand-side factors, which explains the 

lack of partial significance in the model. 

 

E. Simultaneous Significance (F-Test) 

 

 
Figure 5. F-Test Output 

 

The F-test yielded a significance value of 

0.000, indicating that all independent 

variables jointly influence PLN's revenue. 

Although some variables were not 

individually significant, their combined 

effect was substantial, highlighting the 

interconnected nature of operational and 

demand-driven factors in the electricity 

sector. This simultaneous impact validates 

the regression model and emphasizes the 

multidimensional determinants of financial 

results. 

The overall model significance indicates 

that operational efficiency, production 

capacity, and electricity sales collectively 

shape revenue performance. This 

underscores the need to evaluate these 

factors in an integrated manner, rather than 

separately. Therefore, strategic planning at 

PLN must consider both supply- and 

demand-driven dynamics to optimize 

revenue generation. 

 

F. Coefficient of Determination 

 

 
Figure 6. Coefficient of Determination Output 

 

The R-squared value of 0.743 indicates that 

74.3% of the revenue variation can be 

explained by the five predictor variables in 
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the model. This reflects high analytical 

power, indicating that the selected variables 

are highly relevant to understanding revenue 

fluctuations across PLN's regional units. 

Therefore, this model provides a reliable 

representation of the factors influencing 

financial performance. 

The remaining 25.7% of unexplained 

variance likely stems from external 

influences not included in the model. 

 

DISCUSSION 

The identification of Energy Sold per 

Customer Group as the only individually 

significant predictor aligns with the 

fundamental revenue structure of electric 

utility enterprises, where financial 

performance is primarily driven by the 

volume of electricity billed to consumers. 

This variable reflects actual market demand 

and customer utilization patterns, which are 

shaped by industrial activity, demographic 

conditions, and broader macroeconomic 

dynamics. Consequently, increases in 

electricity sales indicate stronger economic 

engagement and directly enhance revenue 

streams, reaffirming the centrality of 

consumption-driven indicators in 

determining PLN’s financial sustainability. 

Operational indicators such as load factor 

and capacity factor did not exhibit 

significant partial effects because these 

metrics principally represent internal system 

efficiency rather than direct revenue 

determinants. Although higher efficiency 

can reduce operational costs, it does not 

automatically translate into increased 

electricity utilization or higher sales 

volumes. Previous studies similarly suggest 

that operational efficiency contributes 

meaningfully to profitability only when 

supported by strong consumer demand and 

utilization growth.  

Thus, while enhancing operational 

efficiency remains strategically important, it 

must be complemented by demand-oriented 

initiatives to yield significant revenue 

impacts. 

The detection of negative autocorrelation 

within the cross-sectional dataset suggests a 

high level of structural homogeneity among 

PLN’s regional units. As a centrally 

regulated state-owned enterprise, PLN 

operates under standardized tariff policies, 

uniform technical protocols, and consistent 

performance benchmarks across regions. 

These institutional uniformities contribute to 

similar behavioral patterns among units, 

resulting in non-random residual 

configurations. Recognizing this 

phenomenon is essential for improving 

future empirical models, especially those 

seeking to incorporate region-specific 

heterogeneity or spatial dependence. 

The simultaneous significance of all 

variables highlights that operational 

readiness and consumption dynamics 

operate collectively within an integrated 

system influencing revenue outcomes. This 

indicates the need to harmonize supply-side 

capabilities—such as generation capacity, 

infrastructure adequacy, and energy 

availability—with demand-side factors 

including customer satisfaction and 

consumption behaviors. Therefore, neither 

operational efficiency nor market demand 

alone can ensure sustainable revenue 

growth; a comprehensive, system-wide 

approach is required. 

From a managerial perspective, the findings 

underscore the importance of prioritizing 

strategies that stimulate electricity 

utilization, particularly within high-demand 

sectors such as industry, commerce, and 

public services. Enhancing service 

reliability, accelerating electrification 

programs, improving customer relations, 

and fostering electricity-intensive economic 

activities can significantly strengthen 

revenue performance. 

For future scientific research, the use of 

longitudinal panel data, integration of tariff-

related variables, or utilization of spatial 

econometric techniques would yield deeper 

insights into temporal and regional 

variations, thereby improving predictive 

accuracy and broadening policy relevance. 
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CONCLUSION 

The results of the analysis of PT PLN 

(Persero) statistical data for 2023 using the 

Correlation and Multiple Linear Regression 

Analysis method show that the model used 

has a strong ability to explain the 

relationship between the research variables. 

The R-Square value of 74.3% indicates that 

the five independent variables 

simultaneously have a significant influence 

on PLN's revenue. This indicates that the 

regression model constructed is suitable for 

use as a basis for understanding the factors 

that play a role in determining the 

effectiveness of electricity production. 

In the partial analysis, only the variable 

Energy Sold per Customer Group was 

proven to have a significant effect on PLN's 

revenue, with a significance value of less 

than 0.05. This finding shows that the main 

factor determining the company's revenue is 

the amount of electricity successfully sold to 

customers. Meanwhile, other variables such 

as Load Factor, Capacity Factor, Energy 

Produced, and Number of Generating Units 

did not show a significant partial effect, 

although they still contributed when tested 

simultaneously. 

This study confirms that efforts to increase 

PT PLN (Persero)'s revenue can be focused 

on strategies that encourage an increase in 

the amount of energy sold to customers. 

Optimizing energy distribution, improving 

service quality, and innovating in marketing 

and customer management are important 

steps that can increase the effectiveness of 

electricity production. Thus, the results of 

this study are expected to serve as a 

reference for the company in formulating 

more efficient operational policies and 

supporting sustainable profit growth. 
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