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Abstract 

 

The electricity generation in Malaysia primarily depends on nonrenewable energy which leads to 

substantial air and greenhouse gas (GHG) emissions. In order to achieve the reduction of GHG emissions 

by 45 percent in the year 2030 and net zero emissions in the year 2050, the issues of nonrenewable energy 

and its environmental effect are highlighted. Therefore, this study intends to analyze the relationship of 

essential determinants (capital, labour, GDP, nonrenewable and renewable energy) towards electricity 

generation performance for energy sustainability in Malaysia. An augmented Cobb–Douglas production 

function, and F-Bound test analysis for the 1982-2020 period are examined. The preliminary analysis is 

applied to analyze the distribution of variables. Then, the F-Bound test is used to examine the dynamic 

long-run relationship among the variables. Also, the elasticity of each variable is examined towards the 

electricity generation. Therefore, the results of this study emphasize crucial signals for policymakers in the 

sustainable energy process through the determinants that affect Malaysia's electricity generation 

performance.  
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1. Introduction 

One of the key concerns being researched by numerous scholars throughout the world is energy 

sustainability. It refers to a type of energy that may be constantly used and meets the current need for energy 

without endangering its life or causing it to become depleted. However, given that it doesn't affect the 

environment, it should be increasingly emphasized (Bekhet & Harun, 2017; Chen & Lin, 2020; Du et al., 

2021; Kardooni et al., 2018; Zafar et al., 2018). Thus, energy components are highlighted to stress on this 

issue. It is categorized as nonrenewable and renewable energy. Energy's importance in the process of a 

nation's development and industrialisation, as well as in boosting economic activity, is widely 

acknowledged. Furthermore, the primary driver of energy demand for economic growth is the usage of 

electricity. It shows that consuming energy is now more commonly viewed as a fundamental right than as 

a societal necessity (Oh et al., 2018). Given the rising worldwide need for power, the trend is anticipated to 

continue in the coming years.  

However, in March 2020, world faced COVID-19 pandemic and affected many lives globally. The 

global COVID-19 epidemic has had an impact on the economy, including in Malaysia. It demonstrated that 

the GDP performance for 2020 decreased by 5.6% compared to a positive rise of 4.3% in 2019, which was 

impacted by the deterioration of all economic sectors including energy industries (Jiang et al., 2021). In 

markets where strong confinement is used, the demand for electricity has decreased by about 15% in nations 

under partial and total lockdown (IEA, 2021). Thus, Figure 1 shows the growth rate of the Malaysian GDP 

from 1980 to 2020 at 5.9 percent, which has been steadily rising over time. The favourable trends of 

Malaysia's energy generation (EG) and electricity consumption (EC) are still stabilising and indicated at 

7.5 percent and 7.8 percent, respectively, despite the economic activities dealing with the COVID-19 

pandemic problem (see Figure 1). It shows that the continuing rise in electricity demand still made it 

necessary to consider alternative methods of generating electricity.    

 

 

 Trend in Malaysia Gross Domestic Product (GDP), Electricity Generation (EG) and Electricity 

Consumption (EC) for 1980-2020, (Data for year 2019 and 2020 is estimated by author). 

Source: Energy Commission, Malaysia (2022) 

Additionally, Malaysia's primary source of electricity generation is nonrenewable energy, which 

results in significant air pollution and greenhouse gas (GHG) emissions. The primary sources of emissions 
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are transportation —vehicles— and waste—municipal solid waste that is disposed of in landfills; and 

energy—electricity use. As a result, Malaysia aspires to achieve zero net GHG emissions by the year 2050 

with the following strategy planning (MGTC, 2022): 1) Increasing human capability; 2) promoting green 

research; 3) enhancing communities through green interactions; 4) facilitating green partnerships; and 5) 

laying forth a green road map. The government's commitment for environmental preservation offers the 

opportunity to use renewable energy for efficient electricity generation in Malaysia.   

1.1. Problem statement 

Utilizing renewable energy sources to their full potential for Malaysia's electricity generation, 

therefore, the government wants to increase labour productivity and generate more possibilities for highly 

qualified people. As a result, by 2025, Green Technology Master Plan (MGTC) seeks to partner with 2,000 

green industry businesses that will create 10,000 new jobs. Additionally, the Ministry of Environment and 

Water (KASA) hopes to create over 200,000 green jobs by 2030 (New Straits Times, 2017). The 

International Labour Organization (ILO) defines a "green job" as work that supports environmental 

preservation and protection, whether it be in a traditional industry like manufacturing or construction, or in 

a green industry like energy efficiency and renewable energy. 

In the fourth quarter of 2020, the unemployment rate increased by 4.8% as a result of the COVID-

19 pandemic's effects on economic activity. Additionally, more persons now meet the criteria for 

underemployment than in 2019. Due to the indirect effects of this scenario, the gross national income (GNI) 

per capita decreased from RM45,212 in 2019 to RM42,531 in 2020. This scenario has an effect on 

discretionary income, indicating a slowdown. In the interim, the government's movement restrictions 

caused domestic consumer spending to decline (DOSM, 2021). 

Additionally, innovation investment is the most crucial method for promoting renewable energy for 

power generation in Malaysia as it enters a new phase of industrialization. These investments in innovation 

boost the efficiency of capital in the accomplishment of its particular duties. They relate to new 

technological knowledge that develops over time. Then, through distinctive goods and services that meet 

customer needs, innovation investments can generate new revenue streams for the electrical sector. The 

adoption of technical change is focused with identifying the most economically viable energy sources and 

provides greater potential for economies of scale because Malaysia has been in the new industrialization 

and structural change stage. In order to better understand the dynamic long-term link between electricity 

generation and its factors in Malaysia, this study will evaluate that relationship. 

1.2. Research questions 

Accordingly, this study highlighted the research question as follow: Is there a dynamic long-term 

relationship between electricity generation performance and its factors in Malaysia?  

1.3. Purpose of the study 

The goal of this study is to examine the dynamic long-term relationships between electricity 

generation performance and its factors in Malaysia in order to respond to the aforementioned question. To 
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accomplish the goal of this study, the design of this paper is as follows: a literature review in Section 2, 

research methodologies in Section 3, findings in Section 4, conclusions, and policy implications in Section 

5.  

2. Literature Review 

The subject of sustainable energy and environmental protection has recently been the focus of 

substantial economic and energy production studies. The dynamic relationship between nonrenewable and 

renewable energy and Malaysia's electricity generation performance is one area of energy that has drawn a 

lot of attention. A brief comparison of the findings across different nations and historical periods is provided 

in order to better grasp the review of prior studies. The literature has also thoroughly investigated the study 

on the relationship between energy use and economic growth (Chandran et al., 2010; Jamil & Ahmad, 2010; 

Hamdi et al., 2014; Karanfil & Li, 2015; Khatun & Ahamad, 2015; Lorde et al., 2010; Rafindadi & Ozturk, 

2017; Wolde-Rufael, 2014). 

Furthermore, most of the previous studies employed the autoregressive distributed lag (ARDL) 

model to examine the dynamic long-run relationship between electricity consumption or electricity 

generation and economic growth in various countries (Atems & Hotaling, 2018; Bekhet & Harun, 2017; 

Chen & Fang, 2018; Dogan, 2015; Dogan, 2016; Hamdi et al., 2014; Lean & Smyth, 2010; Lorde et al., 

2010; Shahbaz et al., 2014; Islam et al., 2013; Sekantsi & Thamae, 2016; Shahbaz et al., 2017; Shahbaz & 

Lean, 2012). Their discussion validated this relationship between economic growth and electricity 

consumption/generation. At the same time, some of them applied other determinants such as capital, labor, 

nonrenewable and renewable energy, financial development, export, and price to highlight the role of these 

variables in their studies. Yet, the nonrenewable and renewable energy variables receive little attention, 

especially in terms of the dynamic relationship between electricity generation and economic growth (Harun 

& Bekhet, 2020). In Italy and Tunisia, the study applied nonrenewable and renewable energy as the 

determinants; however, these variables are added to analyze their role in environmental pollution (Bekhet 

& Othman, 2018; Bento & Moutinho, 2016; Chien, 2022; Destek & Aslan, 2017; Jebli & Youssef, 2015; 

Romano et al., 2017; Sharmin et al., 2022). On the other hand, a study in the Baltic region applied both of 

these variables as the determinants of electricity consumption (Furuoka, 2017).  

As a result, this study differs from earlier studies for a number of reasons. First, as a proxy for 

electricity, this study emphasises electricity generation rather than electricity consumption (Altintas & 

Kum, 2013; Dogan, 2015; Ghosh, 2009; Lean & Smyth, 2010; Sarker & Alam, 2010; Yoo & Kim, 2006). 

In accordance with the most recent state-of-the-art research, this study argues that GDP should be a factor 

of production function in the same manner that capital and labour are (Bekhet & Harun, 2017; Harun & 

Bekhet, 2020), and electricity generation should be a dependent variable. Second, several recent studies 

discussed this energy and classified it by sources (renewable and nonrenewable energy consumption) in the 

AC-D production function in order to highlight energy consumption as one of the significant factors of 

production (Begum et al., 2015; Dogan, 2015, 2016; Dogan & Ozturk, 2017; Hamdi et al., 2014; Harun & 

Bekhet, 2020; Jebli & Youssef, 2015; Omri et al., 2015; Shahbaz et al., 2015). Examining and separating 

each source's impact on economic activity is the goal (Apergis & Payne, 2010, 2013; Kahia et al., 2017). 
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In addition, research has been done on the potential for solar energy in Vietnam and Iran (Roy et al., 

2022), as well as on wind and solar energy (Mostafaeipour et al., 2022). 

Therefore, this study adds to the debate about the dynamic long-run relationship between 

nonrenewable and renewable energy on the performance of electricity generation, with an emphasis on 

Malaysia. To accomplish the goal of this study and to give more chance for drawing policy implications 

that are directly relevant to Malaysia, the augmented production function is specifically employed. 

3. Research Methodology 

This study examines the dynamic long-term relationships in order to assess the factors that affect 

the generation of electricity in Malaysia. In addition to its operations, the electrical sector must increasingly 

adapt to changing environmental conditions as the world's weather patterns and climate continue to change. 

Because time series data can offer a better study of the factors influencing Malaysia's power generation, 

time series data of these variables have been gathered for this purpose. Data from the Energy Commission 

of Malaysia (ST), World Bank, Department of Statistic, Malaysia (DOSM), and World in Data have 

therefore been gathered for 39 years between 1982 and 2020. Table 1 provides a summary of the 

information's sources and data. 

 

Table 1.  Variables and data sources 

Variables Measurement / 

Proxy 

Sources Past Study 

EG ktoe ST Harun & Bekhet (2020), Atems & Hotaling (2018), Akber 

et al. (2017), Bento & Moutinho (2016) 

K GFCF (% of 

GDP) 

World Bank Kahouli (2017), Raza et al. (2015), Robalino-López et al. 

(2015), Apergis & Payne (2012), Bekhet & Harun (2012). 

L Labour force DOSM Bekhet and Harun (2017), Rafindadi and Ozturk (2017), 

Shahbaz et al. (2015), Bekhet & Harun (2012) 

Y GDP (RM 

Million, 2015) 

ST Atems and Hotaling (2018), Rafindadi & Ozturk (2016, 

2017), Dogan (2015), Islam et al. (2013), 

NE TWh Our World 

in Data 

Bélaïd & Youssef (2017), Afonso et al. (2018), Bento & 

Moutinho (2016) 

RE kWh Our World 

in Data 

Praene et al. (2017), Dogan (2016); Jebli & Youssef 

(2015), Apergis & Payne (2012), Shahbaz et al. (2012) 

Source: ST (2022), World Bank (2022), and Our World in Data (2022). 

 

Accordingly, it is applied to perform time series by using natural log-linear functional form of 

Augmented Cobb-Douglas production function as in Equation (1).  

 

          

(1) 

 

Where ln means for the natural logarithm of each of the following: technology (A), capital (K), 

labour (L), GDP (Y), nonrenewable energy (NE), and renewable energy (RE). The production elasticities 

of these variables are shown by the notation φjs (j=K, L, Y, NE, and RE).  Additionally, it displays the 

http://dx.doi.org/


https://doi.org/10.15405/epfe.23081.31 
Corresponding Author: Nor Hamisham Harun 

Selection and peer-review under responsibility of the Organizing Committee of the conference  

eISSN: 2672-8958 

 

 358 

positive or negative sign of production determinants that indicate the favourable or unfavourable impact on 

EG, εt denotes the stochastic error components that are considered to be regularly distributed together with 

white noise (Bento & Moutinho, 2016), and t stands for the annual time-series data.  

The F-Bound test is thereafter used to evaluate the dynamic long-run relationship between the 

variables. Compared to the other conventional procedures, it provides a lot of benefits (Boutabba, 2014; 

Matar & Bekhet, 2015). First off, it enables a mixture of I(0) and I(1) variables in the result of the stationary 

test. However, the F-Bounds test cannot be used with I(2) (Sufyanullah et al., 2022). Second, with small 

samples, 30 ≤ t ≤ 80, it works better. Thirdly, it enables multiple optimal lags for the variables. Fourthly, 

the ARDL model addresses the endogeneity issues with the Engle-Granger technique, assuming that all the 

variables are endogenous (Al-mulali et al., 2015). As a result, Equation (2) might be used to evaluate the 

dynamic long-run relationship. 

 

                      (2) 

       

 

Where φ0 is a constant value, φ1 elasticity of EGt-1 and φis (i = 2,3,4,5 and 6) are elasticity of Kt-

1, Lt-1, Yt-1, NEt-1 and REt-1, respectively. Then, the null and alternative hypotheses are established as 

follows. H0: φi=0 (no dynamic long-run relationship exists) and H1: φi≠0 (the dynamic long-run 

relationship exists). The F-statistic of Pesaran et al. (2001) is used to analyse the presence of dynamic long-

run links among the variables regardless of whether the variables are stationary at I(0) or I(1), therefore, 

this joint significance of the coefficients of lagged variables is examined. In order to do this, Pesaran et al. 

(2001) estimated two asymptotic critical values: one when the variables are supposed to be lower critical 

bounds, I(0), and another when the variables are assumed to be upper critical bounds, I(1). 

If the computed F-statistic is greater than I(1), the null hypothesis of no cointegration is rejected. In 

other words, there is proof of a significant dynamic long-run relationship. On the other hand, if the 

calculated F-statistic is lower than I(0), the null hypothesis of no cointegration is not successfully rejected. 

However, if the I(0) < F-statistic < I(1), the result is uncertain or cannot be accurately concluded. As a 

result, the outcome in this instance could be related to previous studies that determined whether dynamic 

long-run relationships existed or not. Alternatively, certain studies have suggested that the error correction 

term derived from the normalised cointegrating equation will be a useful way to establish dynamic long-

run relationships (Boutabba, 2014; Ivy-Yap & Bekhet, 2016; Matar & Bekhet, 2015).  

4. Findings 

4.1. Descriptive statistics 

Descriptive statistics were calculated and are shown in Table 2 in order to assess the normality of 

the EG, K, L, GDP, NE, and RE data. Since all data values fall within the permitted range of the data, the 

mean value of each of the six variables demonstrates that none of the data for any of these variables contains 

an outlier. The standard deviation for each variable also shows that none of the data for any variable exhibits 
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excessive or unacceptable volatility. As a result, the data's mean value and allowable variance serve as 

evidence that all of the variables' data are sufficient. Skewness's result, which demonstrates that all variables 

are larger than -1 but less than +1, establishes the validity of the present data is normal. 

The statistics of kurtosis, which should fall within the range of 1-3 for a normal data, have further 

supported the normality of the current time series data. It demonstrates that the kurtosis value does not 

exceed 3. It is further demonstrated that the existing data is typical in this way. Finally, the likelihood of 

Jarque-Bera is examined to see whether the data are normally distributed. The Jarque-Bera test is a goodness 

of fit test used in statistics to examine if sample data show the skewness and kurtosis of a normal 

distribution. It is demonstrated by various descriptive statistics that all of the study's variables are normal 

and in good enough shape to be examined further.  

 

Table 2.  Descriptive statistics 

 lnEG lnK lnL lnY lnNE lnRE 

Mean 8.51 3.30 9.15 13.21 6.24 22.67 

Median 8.71 3.23 9.17 13.27 6.38 22.59 

Maximum 9.58 3.77 9.65 14.12 7.01 24.06 

Minimum 6.92 3.02 8.59 12.00 4.91 21.13 

Std. Dev. 0.85 0.23 0.32 0.66 0.69 0.68 

Skewness -0.46 0.74 -0.02 -0.375 -0.51 0.35 

Kurtosis 1.89 2.23 1.81 1.92 1.85 3.23 

Jarque-Bera 3.37 4.61 2.29 2.78 3.83 0.88 

Probability 0.18 0.09 0.31 0.24 0.14 0.64 

Sum 332.03 128.91 357.23 515.13 243.36 884.39 

Sum Sq. Dev. 27.69 2.02 3.99 16.97 18.19 17.62 

Observations 39 39 39 39 39 39 

Source: Output of the Eviews Package Version 12.0. 

4.2. Unit root analysis 

Augmented Dickey Fuller (ADF) and Phillips Perron (PP) unit root tests have been used on series 

results to evaluate the stationarity of variables. It is clear that all variables were stationary at the first 

discrepancy between the two tests' results (see Table 3).  

 

Table 3.  Unit root analysis 

Variables 
ADF P-P 

Decision 
I(0) I(1) I(0) I(1) 

InEG  0.59 -4.34*** -0.08 -4.41*** I(1) 

InK -1.58 -4.32*** -2.11 -4.25*** I(1) 

lnL -3.97** -3.11** -2.79 -6.17*** I(1) 

lnY -0.58 -4.71*** -0.82 -4.72*** I(1) 

lnNE -1.64 -5.49** -1.84 -5.51*** I(1) 

lnRE -1.17 -4.01** -2.52 -4.49*** I(1) 

Notes: (1) ***, ** and * denotes statistically significance at 1%, 5% and 10% level, respectively. 

             (2) The unit root test is applied with the intercept and trend. 

Source: Output of the Eviews Package Version 12.0. 
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As a result, the stationarity of the variables is established, and the F-Bound test requirement that the 

series be I(0) or I(1) is satisfied. The appropriate lag order is chosen to be employed in the F-Bound test 

with respect to the lag order after the stationarity of the data has been verified. Different lag order estimating 

methods, including as LR, FPE, AIC, SIC, and HQ, have been utilized for this purpose. However, Akaike 

information criterion (AIC) has been used to determine the proper lag order since it offers more reliable 

and consistent information and results than other criteria. The result shows the appropriate of lag order is 3 

(see Table 4). 

 

Table 4.  Lag order selection 

Lag LogL LR FPE AIC SIC HQ 

0 149.54 NA  1.39e-11 -7.97 -7.71 -7.88 

1 387.42 383.25 1.92e-16 -19.19 -17.34* -18.54 

2 432.43 57.51 1.39e-16 -19.69 -16.26 -18.49 

3 500.73 64.50* 3.83e-17* -21.48* -16.47  -19.73* 

* indicates lag order selected by the criterion 

Source: Output of the Eviews Package version 12.0. 

4.3. Dynamic long-run relationship  

In this current data, the F-Bound test is applied to identify the dynamic long-run relationship between 

the variables. It is determined to reject the null hypothesis and draw the conclusion that there is a substantial 

dynamic long-run relationship in the given data because the F-statistics value is 10.04, which is 

unquestionably bigger than 5.26, i.e., the upper bound value (see Table 5).  

 

Table 5.  Dynamic long-run relationship 

F-Statistics 
Critical Values 

Decision 
Sig. level Lower Upper 

10.04*** 

1% 3.66 5.26 

Co-integrated 5% 2.73 3.92 

10% 2.31 3.35 

Notes: *** as defined in Table 3; k = 5, T = 36.  

Source: Output of the Eviews Package version 12.0. 

 

Accordingly, the elasticity is examined with their significance and t-statistics of all production 

determinants towards the Malaysia electricity generation performance. Thus, Table 6 highlights the result 

of elasticity of determinants towards the electricity generation in the long-run. It shows that L has a negative 

and elastic long-run elasticity on EG at 10% significance value. It means that one percent increase in L is 

significantly associated with the decrease of 2.26% in EG. However, GDP has shown a positive and elastic 

long-run elasticity on EG by 1.79% at 5% significance level. While, the elasticity of K, NE and RE  is not 

significant on EG in the long run. Nevertheless, there is a positive inelastic for K, NE and RE in the long-

run towards Malaysia electricity generation performance. Additionally, the outcome of the diagnostic 

analysis shows that the error term has a normal distribution and is unaffected by serial correlation or 
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heteroscedasticity issues. A model's functional form is clearly defined. These outcomes have demonstrated 

the validity of the long-run findings. Additionally, it can be demonstrated that the model is comparatively 

stable over time (see Figure 2). 

 

Table 6.  Long-run elasticity of production determinants towards EG 

Variables Elasticity t-Statistic Conclusion 

InK 0.23 0.93 (+) inelastic 

lnL -2.26* -1.96 (-) elastic 

lnY 1.79** 2.67 (+) elastic 

lnNE 0.25 0.52 (+) inelastic 

lnRE 0.13 0.78 (+) inelastic 

F-statistics = 3713 (0.00); Jarque-Bera = 1.44 (0.49); ARCH = 1.89 (0.18); Serial correlation = 7.31 (0.29) 

Ramsey RESET test = 2.07 (0.16) 

Notes: * and ** as defined in Table 3 

Source: Output of the Eviews Package version 12.0. 

 

 

 Cumulative Sum (CUSUM) and CUSUM squared statistic plots 

5. Conclusions and Policy Implications 

This study analyzes the dynamic long-run relationship among the variables (EG, K, L, GDP, NE, 

RE) in Malaysia by collecting time series data of 39 years from 1982 to 2020. The secondary data collected 

from databases of ST, World Bank, DOSM and World in Data. The F-Bound test is applied to analyze the 

dynamic relationship between the variables. Also, the elasticity of each variables is examined towards the 

electricity generation. The result confirms that the distribution of data variables is normal. Furthermore, 

electricity generation, capital, labour, GDP, nonrenewable and renewable energy stationary at I(1) at 5% 

significance level. Then, the F-Bound test is performed to analyzed the dynamic long-run elasticity, due to 

the unique order of integration and small sample (T=39). Also, the suitable lag selection is 3 to determine 

the long-run elasticity towards the Malaysia electricity generation performance. 

The result indicate that labour has negative elastic in the long-run towards electricity generation 

performance in Malaysia. It shows that the usage of technology is developed due to the less usage on the 

labour for generating elasticity in Malaysia. Nowadays, Malaysia is the country that developed with the 
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technology change, particularly in manufacturing and electricity sector. In light of past experiences, the 

greatest difficulties lie in ensuring that technology advancement benefits everyone, especially workers. The 

ideal outcome of technological development would be higher pay, more job opportunities for graduates, 

and less reliance on foreign labour (IR4.0). It's crucial to remember that not all technological advancement 

involves digital devices. Whether labour and technology serve as substitutes or complements in the 

production process determines how much technological development affects the workforce. Additionally, 

the sort of economic sector is relevant (New Straits Times, 2017). 

On the other hand, the GDP has positive elastic in the long-run elasticity towards electricity 

generation in Malaysia. It proven that the GDP growth is depends on the performance of economic activities 

i.e., electricity sector. Nowadays, in order to generate electricity, TNB need other resources i.e. technology 

advancement to support supplying the energy sources in the electricity generation.  Furthermore, Malaysia's 

Gross Domestic Product (GDP) growth and electricity demand, both continue to increase. It highlights that 

electrical power in Malaysia is human-dependent energy-in system (Ali et al., 2020; Ali et al., 2022). The 

study clearly indicates that capital, nonrenewable and renewable energy are less important factors towards 

electricity generation in Malaysia.  

Yet, renewable energy is very less usage for electricity generation in Malaysia. Due to the less 

awareness from Malaysia community, will delaying the usage of this alternative energy in order to protect 

out environment. Nonetheless, the renewable energy become one of potential production determinants to 

compete with the nonrenewable energy i.e., coal. Coal is major source that contribute for generating 

electricity. In pledges made at the COP26 climate summit, more than 40 nations have agreed to abandon 

coal. It is important to embrace the financial and environmental advantages of creating a clean energy 

future. 
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