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Abstract

:

Due to increasing energy consumption, there has been a significant expansion in worldwide trade, leading to the emergence of severe environmental issues. This situation is further compounded by the non-negotiable requirement to simultaneously mitigate environmental degradation and achieve economic progress. To ensure a healthier future, it is imperative to identify and address the factors that contribute to environmental contamination. The purpose of this study is to examine how Malaysia’s carbon dioxide (CO2) emissions are affected by energy consumption, economic growth, and the economic complexity index (ECI). Time series data from 1997 to 2020 are used in this study, along with the autoregressive distributed lag model. The environmental Kuznets curve theory holds true in Malaysia, according to the study’s findings, and energy use has a negative impact on CO2 emissions. There is also evidence suggesting that a higher ECI is linked with increased levels of CO2 emissions over a prolonged period. Malaysia’s main export, electrical and electronic goods, generates substantial CO2 emissions during the manufacturing process. The outcomes of this research have important ramifications for environmental strategies concerning the mitigation of CO2 emissions. The electrical and electronics industries can implement energy-efficient technologies and practices in manufacturing processes. This would include upgrading to more efficient machinery, optimizing production schedules, and reducing idle times. It is also crucial to work with governments and industry bodies to advocate for policies that support sustainable manufacturing practices.
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1. Introduction


Greater energy efficiency, better environmental results, and faster economic growth are the goals of any nation [1]. Most carbon emissions, according to recent studies, are caused by developing nations’ rapid economic progress. Since the beginning of industrialization in the 1970s, energy consumption has skyrocketed, resulting in a surge in global trade and serious environmental problems. Complicating matters is that there can be no compromise on either environmental protection or economic advancement. Therefore, for a healthier future, it is vital to identify the elements contributing to environmental contamination and act accordingly. Important macroeconomic variables that influence environmental deterioration include economic development and the consumption of fossil fuels.



Malaysia ranked 4th in Southeast Asia and 36th overall in 2019 with a gross domestic product (GDP) of 365 billion US dollars ($) [2]. Malaysia’s GDP is expected to rise from $107 billion in 2004 to $341.6 billion in 2030, with an annual growth rate of 4.6% [3]. This begs the crucial question: has Malaysia’s economic advancement boosted its environmental sustainability? In recent years, the Malaysian economy’s energy consumption has been steadily increasing (Figure 1), and it is highly dependent on the use of non-renewable energy (RE) sources (Figure 2) to meet this expanding demand, which increases carbon dioxide (CO2) emissions (Figure 3) and degrades the environment.



Furthermore, Malaysia pledged to achieve net-zero emissions by 2050 and a 45 percent decrease in emission levels by 2030 during the Glasgow COP26 summit. Significant reductions in energy usage are necessary to meet these challenging targets [4]. It has been discovered that there is a curvilinear relationship between environmental pollution and economic progress, with a reversed U-shaped pattern [5]. In the initial phases of economic growth, environmental pollution grows with income levels according to the environmental Kuznets curve (EKC), but after a certain threshold, it drops [6]. The related argument is that as the economy grows, pollution will rise until a certain point, after which it will begin to fall. Many scholars have been inspired by this, which has resulted in a significant upsurge of empirical studies investigating the environmental effects of economic expansion.



Recently, a few studies have examined how the ECI affects CO2 emissions in both developed and developing countries. An analysis of the organizational features of the global commerce network is the foundation of the ECI, which was first developed by Hidalgo and Hausmann [7] and expanded by Hausmann et al. [8]. It is meant to shed light on the widening gap in national incomes. To determine the economic complexity and product diversity of nations, this approach is used to assess their trading interactions with one another. Hausmann et al. [9] stated that “economic complexity reflects the knowledge embedded within an economy’s productive structure”. Researchers can predict and understand future income levels, economic growth, and greenhouse gas emissions by utilizing the ECI.



Malaysia’s ECI jumped from 0.0085 in 1997 to 1.17 (https://atlas.cid.harvard.edu/rankings, accessed on 5 January, 2024) in 2020, placing the country 22nd among the world’s most complex economies. This indicates that Malaysia has a diverse and sophisticated export portfolio, which is linked to higher ECI ratings. This is promising for the country’s export income, economic resilience, and prospects for sustainable growth. Figure 4 reports Malaysia’s total exports in 2022, showcasing the diverse range of products shipped.



Malaysia’s exports climbed by $119 billion in five years, from $259 billion in 2017 to $378 billion in 2022. The largest exports ($78.9 billion) were integrated circuits, followed by refined petroleum ($38.5 billion), petroleum gas ($19.5 billion), palm oil ($17.7 billion), and crude petroleum ($10.2 billion). The materials used in integrated circuit production, such as silicon wafers, metals, and chemicals, may require energy-intensive extraction, refining, and processing, which can contribute to CO2 emissions [10]. Regarding palm oil’s contribution to Malaysian exports, deforestation occurs in the country because of palm oil production, which also contributes to climate change.



Although Malaysia is ascending the complexity ladder at a faster pace than other countries, it still demonstrates a modest level of economic complexity compared to other countries. Therefore, there are still possibilities for diversification in Malaysia’s export basket. Concerning the decision for Malaysia to increase its ECI, it is essential to consider the potential trade-offs, particularly regarding environmental impacts such as CO2 emissions. Therefore, it is imperative that the effects of the ECI on Malaysia’s environmental quality be assessed, and if there are effects, we must determine how we may effectively address environmental challenges using the ECI. The EKC hypothesis is tested in Malaysia against a wide range of variables, including foreign direct investment, population density, freight transport, economic prosperity, natural gas, nuclear energy, trade openness, and urbanization, among many others [11,12,13,14,15,16,17,18]. Nevertheless, research into the EKC theory has not yet focused on economic complexity as a metric for organizational changes in the economy; this complexity may stand in for technological know-how in product production. As far as we are aware, this is the first research to look at the connection between Malaysia’s ECI, per capita GDP, energy use, and CO2 emissions. This study has two objectives as a result. The effects of energy consumption, economic growth, and ECI on CO2 emissions in Malaysia are first examined. Secondly, it examines the validity of the EKC theory within the Malaysian context by examining the ECI within the EKC model.



The outcome of the current research has noteworthy environmental strategy implications for CO2 reduction. First, the EKC theory was confirmed in Malaysia from 1997 to 2020. The quick economic shift from an agricultural to a service and manufacturing sector has improved the country’s living standard, consumption, and per capita income. The EKC theory suggests that early development can promote pollution and environmental degradation. Malaysia has enacted environmental laws to address these issues.



This investigation uses the autoregressive distributed lag (ARDL) methodology established by Shin et al. [19]. To measure the consistency of the ARDL model, augmented Dickey-Fuller (ADF) [20] and Phillips-Perron (PP) unit root tests [21] are carried out. The next section of this paper examines the previous research and theories that have been proposed. The third section discusses the methods and materials utilized in the current research, followed by the study’s results and discussion. Policy recommendations and the conclusion are presented in Section 5 and Section 6, respectively.




2. Literature Review


Numerous studies have tested models using the EKC to explore the factors influencing environmental collisions [22,23,24,25]. In the meantime, a few studies have used the environment’s carrying capacity approach, represented by the IPAT model, which was recognized to decay carbon emissions into the products of diverse factors [26,27,28]. IPAT denotes the environmental impact (I) owing to the population (P), the level of per capita affluence (A), and the level of technology in an economy (T). Since energy consumption and economic complexity are significant sources of carbon emissions, both theories address our research purpose. We used the EKC in this study as this theory states that when an economy first begins to flourish, the environment will become worse, but the environmental quality will begin to improve once the country’s income level reaches a peak. One can observe an inverted U-shaped curve in the EKC [5,6]. The literature linking economic growth, complexity of the economy, energy consumption, and environmental pollution is assessed in the next part in order to determine the present research gap.



2.1. Economic Growth and Environmental Pollution


Multiple empirical studies have shown that rising economies produce more CO2. Numerous studies have been taken into consideration, encompassing several countries, variables, and study methods. Odugbesan and Adebayo [29] conducted a study in Nigeria using time series data from 1981 to 2016. They discovered that economic growth and CO2 emissions in Nigeria had a positive association using the ARDL, FMOLS, and DOLS methodologies. Similarly, Adebayo et al. [30] observed that CO2 emissions in Mexico were directly impacted by economic growth. This was determined by applying the ARDL, FMOLS, and DOLS estimators to annual data from 1971 to 2016. In addition, Adebayo and Kalmaz [31] found that Egypt’s CO2 emissions and economic development were positively correlated when applying the ARDL, FMOLS, and DOLS methodologies to data from 1971 to 2014. Conversely, Teng et al. [32] described that for Organization for Economic Co-operation and Development (OECD) countries, economic development had a positive impact on CO2 emissions between 1985 and 2018. Additionally, Nondo and Kahsai [33] noted that from 1970 to 2016, economic expansion had a positive impact on CO2 emissions in South Africa. Similar findings from other Malaysian research have established a direct correlation between GDP and CO2 emissions [12,14,34]. In addition, the EKC hypothesis has been discussed in the literature on both developing and established nations to determine whether it is valid. For instance, Asici [35] derived interesting findings from analyzing the EKC for CO2 emissions in low-, medium-, and high-income countries. He also stated that, in comparison to low- or high-income countries, middle-income countries see a more favorable effect of economic growth on environmental deprivation. Typically, high-income countries are found on the right side of the EKC, which is a measure of the negative association between income and ecological deprivation. Yet the EKC theory is unconvincing when applied to developing countries. New research has established the EKC for CO2 emissions in both poor and rich countries [36,37,38]. Consequently, research testing the EKC theory in both advanced and emerging countries has shown contradictory results.




2.2. Economic Complexity and Environmental Pollution


Recent research has explored the connection between the ECI and environmental pollution. Can and Gozgor [39] analyzed carbon emissions in France from 1964 to 2014 to investigate the EKC theory and found an indirect link between CO2 emissions and the ECI, indicating that ECI levels over a specific threshold resulted in decreased CO2 pollution. Using panel quantile regression, Doğan et al. [40] examined 55 countries’ ECI and CO2 emissions from 1971 to 2014 and found support for the EKC. There was a strong negative correlation between economic complexity and environmental consequences throughout the study period. Despite successful CO2 emissions reductions in high-income countries, the study found that lower- and middle-income economies had worsened environmental deterioration because of economic complexities.



Ahmed et al. [41] evaluated the influences of energy intensity, economic growth, and economic complexity on environmental quality in India using 1970–2017 time series data. In their study, they utilized the augmented autoregressive distributed lag (AARDL) method to analyze the data, and they found that if the economic complexity increased, the environmental quality was degraded in India. Similarly, Laverde-Rojas et al. [42] showed that a developing country such as Colombia does not yet benefit from increased economic complexity. Bucher et al. [43] applied the Fourier autoregressive distributed lag (FARDL) model to explore the impact of Turkey’s economically complex economy on environmental sustainability from 1995 to 2020. The study considered factors including GDP, energy consumption, the ECI, and CO2 emissions. Economic complexity in Turkey helped to slow environmental degradation. Moreover, both rising energy use and GDP contributed to worsening environmental conditions. If Turkey’s economy continues to rely on fossil fuels, it will have a more difficult time reaching its objective of zero net emissions by 2053. The authors recommended that lawmakers expand energy, environmental, and economic policies by providing financial incentives and establishing technical assistance programs to encourage green technology research and information sharing. They also proposed that the government could impose stringent environmental regulations.



Kirikkaleli et al. [44] examined the 10 most complicated economies in the world from 1998 to 2017 and how electricity usage and the ECI affected them. Panel auto-regressive distributed lag and a panel vector error correction model that fully modified ordinary least squares were used. In addition to environmental impacts, other macroeconomic factors were considered, such as trade, real GDP per capita, the ECI, power use, environmental impact, and electricity usage. They showed that over time, the use of electricity added to the carbon footprint. Trade openness and the ECI also contributed to better environmental performance in the long run.




2.3. Energy Consumption and Environmental Contamination


Karasoy and Akçay [45] adopted the ARDL method to study the effects of trade and non-RE and RE use on environmental deterioration using data collected from Turkey from 1965 to 2016. Their research showed that emissions increased over time due to trade and non-RE consumption, even though RE adoption reduced emissions in the short and long terms. Both the short-term effects of trading and the longer-term effects of using non-RE sources were linked to increased CO2 emissions. The researchers recommended strengthening current laws, creating new rules and incentives to foster the use of hydropower, and boosting the implementation of green energy sources to reduce pollution.



Using ARDL analysis, Sarkodie and Adams [46] examined the correlation between pollution levels from 1971 to 2017 and factors such as energy (aggregated and disaggregated), economic advancement, urbanization, and South Africa’s political institutions’ quality. The results showed that a country’s ability to handle the economic, social, and governance impacts of climate change is highly dependent on its well-functioning political institutions. According to the results, the government should try to foster a political climate that is supportive of employing clean, modernized energy sources and push for decarbonization regulations if it wants to improve environmental quality.



Idowu and Adeneye [47] investigated a panel of eight Organization of the Petroleum Exporting Countries (OPEC) and nine highly industrialized countries over the period 1985 to 2020 to see how industrialization affected carbon releases through energy consumption. The researchers discovered that the combined short- and long-term effects of industrialization and energy consumption had no discernible impact on the carbon emissions of OPEC members. On the other hand, short-term carbon emissions were positively and significantly impacted by both economic growth and foreign direct investment. Nonetheless, the study found that the relationship between energy industrialization and energy use had a positive and considerable influence on carbon emissions in highly industrialized nations. Assi et al. [48] examined the link among worldwide trade, environmental quality, and the use of green energy in the Nordic region between 2001 and 2018, employing the dynamic common correlated effect model. Environmental quality was found to have positive relationships with green energy and global trade. Khan et al. [49] also found that environmental quality in Pakistan decreased due to green energy, technological advancement, and globalization. Grounded in the factors mentioned above, the following hypotheses are proposed:



Null Hypothesis (H0): 

Economic complexity and energy consumption do not influence CO2 emissions in Malaysia.





Alternative Hypothesis (Ha): 

Economic complexity and energy consumption have a crucial influence on CO2 emissions in Malaysia.







3. Methodology


In this section, we discuss the data definition, empirical models, and estimation methods employed in this study.



3.1. Data Definition


For the years 1995–2021, CO2 emissions in Malaysia (in metric tons per capita) are utilized as the dependent variable. In our regressions, we include as independent variables GDP per capita (in constant $ prices), squared real GDP per capita (in constant 2010 $ prices), the ECI, and energy consumption per capita (kilogram of oil equivalent per capita). For each of these variables, the logarithmic form is employed, and the World Development Indicator, the Atlas Database, and the Global Footprint Network are the primary sources of pertinent annual data.




3.2. Empirical Model and Estimation Methods


This study employs a popular EKC model, which includes GDP, GDP squared, and energy consumption (EC) as factors influencing CO2 emissions. This article suggests that the ECI, in addition to GDP and energy usage, could be essential in calculating CO2 emissions. Hence, the empirical model for the EKC hypothesis can be expressed as follows:


  C  O 2  = f ( G D P , G D  P 2  , E C , E C I )  



(1)




CO2 is the level of carbon emissions, GDP is the gross domestic product, EC is energy consumption, and ECI is the economic complexity index.



The logarithmic form of the function in Equation (1) is as follows:


  log C  O  2 t   =  β 1  +  β 2  ln G D  P t  +  β 3  ln G D  P t 2  +  β 4  ln E  C t  +  β 5  ln E C I +  ε t   



(2)







In Equation (2), Ln CO2t is CO2 emissions in log form at time t; lnGDPt and ln GDP2t are the log forms of GDP and the square root of GDP at time t, respectively. In economic modeling, taking the logarithm of GDP squared emphasizes growth rates, stabilizes variance, and makes nonlinear relationships more tractable. Therefore, it has tangible economic significance and can provide a better understanding of how economic variables are related, particularly when proportional changes and growth rates are more relevant than absolute values. ln ECt is the log form of energy consumption at time t, and lnECIt is the log form of economic complexity index at time t. Lastly,    ε t    represents the error term. The hypothesis, following the EKC theory, is that    β 2  > 0   and    β 3  < 0  . In addition, EC is positively correlated with increases in CO2 emissions [50,51]. However, when the economic complexity of industrialized countries, such as Malaysia, increases, their export baskets become more complex, leading to a decline in CO2 emissions. Hence, it is also hypothesized that β4 > 0 and    β 5  < 0  .



Unit root testing is performed to check the stationarity of the variables. Whether the data are integrated at I (0) or I (1), we use ADF and PP unit root tests to evaluate the stationarity characteristics of all the variables. Cointegration testing must be conducted before the ARDL technique is used to guarantee that the variables have a long-run association. The ARDL limits test must first be used to demonstrate the long-term linkage between the variables in Equation (2). The null hypothesis of the ARDL F-bounds test is that no variables cointegrate. However, the alternative hypothesis clarifies the existence of cointegration. The long-term relationship may be established if the F-statistic is higher than the crucial values. If the lower limit value is higher than the predicted F-statistics, there cannot be a long-term relationship between the variables. Pesaran et al. [52] state that if the estimated F-statistics are in the center of the upper and lower bounds, it is not possible to draw a firm conclusion. The ARDL bounds test Equation (3) is provided below to evaluate the long-term relationships between the variables, which are based on the cointegration assumptions:


    Δ   ( ln C  O 2  )  t  =  β 1  +  β 2  ln C  O  2 t − 1   +  β 3  ln G D  P  t − 1   +  β 4  ln G D  P  t − 1  2  +  β 5  ln E  C  t − 1   +  β 6  ln E C  I  t − 1   +   ∑  i − 1  p    α 1    Δ ln C  O  2 t − i       +   ∑  i = 1  p    α 2    Δ ln G D  P  t − i   +   ∑  i = 1  p    α 3    Δ ln G D  P  t − i  2  +   ∑  i = 1  p    α 4    Δ ln E  C  t − i   +   ∑  i = 1  p    α 5    Δ ln E C  I  t − i   +  u t     



(3)







The dependent variable must have an integrated order of 1, and cointegration among the variables must be established using bound testing to ensure that this method is applied successfully. Alternatively, the remaining series can display a combination of 0 and 1 integrating orders [52]. In the event that a sustained correlation is found between the variables, the subsequent error correction model (4) will be applied:


    Δ   ( ln C  O 2  )  t  =  β 1  +  β 2  ln C  O  2 t − 1   +  β 3  ln G D  P  t − 1   +  β 4  ln G D  P  t − 1  2  +  β 5  ln E  C  t − 1   +  β 6  ln E C  I  t − 1   +   ∑  i − 1  p    α 1    Δ ln C  O  2 t − i       +   ∑  i = 1  p    α 2    Δ ln G D  P  t − i   +   ∑  i = 1  p    α 3    Δ ln G D  P  t − i  2  +   ∑  i = 1  p    α 4    Δ ln E  C  t − i   +   ∑  i = 1  p  δ  Δ ln E C  I  t − i   +  u t     



(4)




where ECT is an error correction term and δ is its coefficient. The rate at which the dependent variable regains its initial equilibrium after a shock to the system is shown by this coefficient. This research also uses a battery of diagnostic tests. For instance, the normality of the residual is checked by the Jarque-Bera test and serial correlation using the Breusch-Godfrey Lagrange multiplier (LM) test. The Breusch-Pagan-Godfrey test result identifies heteroscedasticity. The stability of the model is evaluated by employing the Ramsey reset test at the end to verify its adequacy.





4. Results and Discussion


Table 1 displays the results of the descriptive statistics and the correlation matrices. The findings show that, owing to its small standard deviation, GDP exhibits the least amount of variability across all data points when contrasted with the other variables. Among all data indicators, GDP squared demonstrates the greatest volatility due to its significant standard deviation. Examining skewness and kurtosis further confirms that the variables do not adhere to a normal distribution. In addition, the results reveal that CO2 exhibits slightly negative skewness and the ECI exhibits moderate skewness, whereas GDP, GDP squared, and CE exhibit positive skewness. According to the correlation matrices in Table 1, multicollinearity is not an issue. Meeting this criterion is necessary to proceed with the regression analysis.



Table 2 displays the results of the ADF and PP unit root tests, which reveal that all of the selected variables—aside from lnCO2 and lnECI—are non-stationary at level. It is observed that lnGDP, lnGDP2, and lnEC display stationarity with an integration degree (I) of 1 after the initial discrepancies. We can now move forward with implementing the ARDL regression model. A long-term relationship between the dependent and explanatory variables must be established before moving on to the last stage of the ARDL method’s implementation. To identify long-run cointegration, the ARDL bounds testing method is employed [52]. The outcomes of the cointegration analysis are stated in Table 3. The F-statistics value is significant at the 1% level, which endorses the long-run cointegration of CO2, GDP, GDP squared, the ECI, and EC.



Table 4 presents the ARDL model’s results, which display some intriguing trends. In both the long and short runs, the GDP coefficient is positive and statistically significant at the 1% level. In both the short and long terms, the coefficient of squared GDP per capita is negative and statistically significant at the 1% level. Therefore, during the study period, the findings of the study provided support for the EKC hypothesis in Malaysia. This study’s findings are consistent with those of [12,13,14], all of which supported the EKC theory in Malaysia at the time of their research. Furthermore, in line with the guiding principles of the EKC theory, Malaysia’s economic growth strategy prioritizes sustainability, allowing the country to work toward cleaner growth goals. The last several decades have seen massive structural changes and economic growth in Malaysia. Agriculture and resource exploitation, which are often linked with greater environmental degradation, were initially the economic backbone of the country. As the nation transitioned from a manufacturing sector to a service-oriented economy, Malaysia’s environmental impact might have declined in accordance with the EKC pattern. Moreover, environmental legislation has been enacted in Malaysia to address environmental issues. Investing in pollution control technology and enforcing stricter environmental legislation are some examples of environmental protection. With Malaysia’s booming income, environmental conservation, especially improving future air and water quality, will become a priority. It is crucial to keep up with technological advances. Owing to its recent investments in RE and better technology, Malaysia can reduce its environmental impact.



The results of the ARDL model also indicate that EC causes a 0.98% rise in CO2 in the long run and a 0.43% increase in CO2 in the short run, demonstrating a positive relationship between carbon emissions and EC. As a result of using more energy from fossil fuels such as oil, coal, and gas, Malaysia’s CO2 emissions may have increased because of the country’s rapid economic development. Eighteen percent of the increasing CO2 emissions in the world are caused by the energy and housing industries, and this greatly endangers ecology and human health [19]. One way to tackle this problem, according to this study, is to promote RE and combine clean energies.



In addition, the coefficient of the ECI is found to be direct and significant, indicating that a 1% rise in the ECI increases CO2 by 0.18% in the short run and 0.22% in the long run. The ECI outperforms conventional measures of human capital, competitiveness, and governance as a predictor of income per capita increase [9]. The empirical findings further show that the ECI is crucial for controlling environmental contaminants in Malaysia. Being a party to both the Paris Agreement and the United Nations (UN) Environment Program puts pressure on Malaysia to do something about the environment. There may be outside pressure on government authorities to address pollution and climate change. Therefore, Malaysian businesses and politicians should take advantage of the country’s reduced pollution levels while developing a more sophisticated export basket. The production of commodities, however, results in increased CO2 emissions; yet these goods can be imported. To add to this, the Malaysian economy would benefit from a more in-depth examination of the environmental degradation scale across all industries and, ideally, individual firms to draw these conclusions.



In addition, both the coefficients of the EC and the ECI are inelastic. The finding that the coefficient of EC is inelastic concerning CO2 emissions, for instance, may imply that a rise in energy consumption may result in a less proportional increase in CO2 emissions. In a similar vein, the ECI’s inelastic coefficient suggests that CO2 emissions rise at a slower rate than the ECI itself as the system becomes more complicated. Understanding inelastic coefficients is critical for policymakers as they reveal the degree to which variables respond to changes in other variables. In this instance, this implies that lowering CO2 emissions might necessitate more substantial actions than just making the economy more complicated or cutting energy usage. Additionally, several studies have demonstrated a clear connection between ecological degradation and economic complexity. In their analysis of 55 countries divided into three incomes (high, middle, and lower middle), Dogon et al. [40] found that economic complexity deteriorated the environment. Among European Union member states with low or medium incomes, a comparable pattern was noted by Can and Gozgor [39]. A study by Fan et al. [25] uncovered that economic complexity increased pollution at the initial stage, but it then reduced pollution at the second stage, such as squared economic complexity, confirming the EKC hypothesis in BRICS-T economies. These results imply that as countries reorganize their production systems in pursuit of industrialization, environmental quality may decrease during the early to middle stages of development. In contrast, Can and Gozgor [39] found that higher-quality manufactured items could be environmentally beneficial. With R2 and adjusted R2 values of 0.997 and 0.9973, respectively, the ARDL model demonstrated a high level of fitness. This means that changes in the dependent variable accounted for 99% of the variance in the independent variables. A negative coefficient of about 0.67% suggested a correction in reaction to shocks from the previous year, and ECT was also statistically significant at the 1% level.



Several diagnostic checks, including the cointegration test, are carried out in the current research to measure the model’s performance. The diagnostic tests are executed by utilizing the log transformation of the time series data shown in Table 4 to investigate the estimates’ accuracy. The results of the LM test propose that the data are unconnected due to the lack of serial correlation. The Jarque-Bera test results indicate that the series follows a normal distribution, while the Breusch-Pagan-Godfrey test reveals no evidence of regression errors in the test for heteroscedasticity. In addition, there are no specification errors in the regression based on the Ramsey RESET examination. Consequently, the model does not contain any instances of improper specification. The logarithmic version of the variables contains time series data that does not exhibit serial correlation or heteroscedasticity according to the diagnostic tests. Since the residual follows a normal distribution, the stability test is successful in passing the model. The model’s representation of a linear relationship is also statistically significant, as shown by the fact that the F-statistical probability is 0.0000. In addition, the CUSUM and CUSUMSQ tests are utilized in this investigation to ascertain the presence of a stable link over an extended period. The regression coefficients and residuals are examined using those tests. At the 5% level of significance, the blue line is inside the red lines in Figure 5 and Figure 6, showing that the parameters of the models are stable.




5. Policy Implications


This article confirms the EKC theory by showing that GDP per capita, squared GDP per capita, EC, and the ECI are important factors influencing emissions in Malaysia. With a larger coefficient than all other variables combined, GDP stands out as impacting CO2 emissions the most. The data show that CO2 emissions rose in direct proportion to GDP, reached the maximum point, and then declined over the long run, forming an inverted U-shaped GDP as the output variable. Energy consumption and CO2 emissions were positively correlated over time, which is consistent with earlier studies in Malaysia [11,14,15]. In addition, the study uncovered an unrecorded occurrence in the literature: increasing CO2 emissions in Malaysia over the long run were a result of increased economic complexity, as seen in the export basket’s inclusion of more sophisticated commodities.



The findings of this research have noteworthy environmental strategy implications for CO2 reduction. First, the EKC theory was confirmed in Malaysia from 1997 to 2020. The quick economic transition from an agricultural to a service and manufacturing economy improved the country’s living standards, consumption, and per capita income. The EKC theory suggests that early development can promote pollution and environmental degradation. Malaysia has enacted environmental laws to address these issues. Environmental protection, pollution control technology investments, and stricter environmental legislation are examples. Malaysia’s booming income will increasingly move toward environmental conservation, improving future air and water quality. Technical advances are vital. With its recent investments in RE and better technology, Malaysia can lessen its environmental effects. These technologies will become more accessible and affordable, encouraging industries to adopt greener manufacturing techniques and reduce pollution.



This structural adjustment could improve environmental quality by redirecting the economic focus from resource-intensive sectors. Being a party to both the Paris Agreement and the UN Environment Program puts pressure on Malaysia to do something about the environment. There may be outside pressure on government authorities to address pollution and climate change. Furthermore, given Malaysia’s reliance on non-RE, the government should prioritize RE. Possible benefits include tax incentives and investments in RE technology. Malaysia has been attempting to diversify its sources of power, but the majority of its electricity still comes from natural gas and coal, both of which increase energy consumption and CO2 emissions. The two main fuels used to generate electricity in Malaysia are coal and natural gas.



Despite the increased usage of natural gas as a power plant fuel, coal-fired power plants still make a significant impact, especially during peak demand periods. Fossil fuel combustion increases emissions of greenhouse gases due to the release of CO2 into the environment. According to the World Bank’s 2020 report, in 2021, RE sources accounted for a significantly smaller percentage of Malaysia’s total energy consumption (4%). There is an immediate need for the government of Malaysia to tackle the environmental impacts of fossil fuel consumption by prioritizing energy efficiency and the transition to green energy sources. The use of green energy bases and state-of-the-art energy-saving technologies might be part of the solution to diversify the energy mix and lessen the country’s dependence on fossil fuels. The third point is that this research shows that CO2 emissions are much higher in economically complex economies, as evinced in Malaysia. According to [7], the ECI outperforms the more conventional measures of governance, human capital, and competitiveness when it comes to predicting rising income per capita.



In addition, the empirical data demonstrated that the ECI is vital for controlling environmental toxins in Malaysia. A total of 593.5 billion Malaysian ringgit, or 38.3% of Malaysia’s exports in 2022, were electrical and electronic (E&E) items. Specifically, electrical circuits constituted 22.03% of the total exports in 2022. Considerable energy is typically consumed during the manufacturing of electronic components and gadgets, which is a process including smelting, refining, and chemical synthesis. The combustion of fossil fuels, such as coal or natural gas, which supply massive amounts of power for these processes, releases CO2 into the atmosphere. To produce heat and power, many E&E industrial operations rely on fossil fuels. If fossil fuels are used as a backup or when demand is strong, CO2 could still be emitted even if some of the energy comes from renewable sources. To make electrical devices, it is conventional to use components sourced from all over the world, linking them to intricate global supply chains. There can be significant emissions from the transportation of raw materials, components, and finished goods, especially when these items are transported over great distances in vehicles or ships powered by fossil fuels. In addition, oil and gas in Malaysia constituted 19.2% of the total exports in 2022 (Figure 4). The extraction, processing, and utilization of oil and gas are also important sources of greenhouse gases, including CO2.



The adoption of energy-efficient technologies and processes can reduce electricity consumption. Upgrading machinery, optimizing production processes, and improving facility management can add considerably to energy savings. The enlargement of carbon capture and storage (CCS) technologies and investment in clean energy are key measures to address climate change [53]. Although CCS has the potential to reduce CO2 emissions, Malaysia has not executed any CCS projects; it only conducted a scoping study in 2010. The government may introduce an emissions trading program that more truly represents the cost to the environment to overcome the mispricing of fossil fuels caused by externalities. Palm oil, which constitutes 3.84% of Malaysia’s total exports, may be contributing to climate change, deforestation, and biodiversity loss. Hence, Malaysia may promote sustainable sourcing practices in supply chains to reduce societal and environmental impacts. The government might impose stricter regulations and certification programs to ensure the ethical sourcing and distribution of goods, such as palm oil.



Several policy measures are recommended for Malaysia’s government based on the study’s practical implications. Several measures should be taken to promote green technologies, provide encouragement for clean energy, encourage green export exercises, and raise consciousness of the hazards of growing CO2 emissions. These initiatives can support economic expansion and ecological preservation while also improving the environment, promoting low-carbon growth, and reducing CO2 emissions in Malaysia [54,55]. By carrying out these procedures, Malaysia may promote its green development and support global efforts to mitigate climate change.




6. Conclusions


One of the most urgent modern concerns facing the world is climate change, which is strongly correlated with the extent of environmental degradation. Levels of CO2 emissions serve as the standard by which other environmental indicators are evaluated for their impact on global warming. In this regard, our study examines the causes of environmental degradation by using a novel variable: the ECI. To that end, our research investigates the years 1997–2020 in Malaysia to determine if the EKC hypothesis holds, and the results indicate that the EKC hypothesis does hold in Malaysia. Furthermore, the conclusion supports both hypotheses of this study. Energy consumption significantly and directly affects CO2 emissions in Malaysia, and over time, a higher ECI significantly and indirectly affects CO2 emissions in Malaysia.



Our outcomes reveal that the ECI and GDP per capita have a direct and negative link with CO2 emissions in Malaysia. Malaysia’s economy is diversified, with a strong emphasis on manufacturing, especially in the E&E sector, as well as significant contributions from the petroleum and gas industries. Not only is palm oil still a vital export good for the nation, but it also dominates the global market for rubber goods. These exports contribute significantly to Malaysia’s economic growth and its trade relations with major global economies. First, encouraging local production of green energy might help create a green ecosystem while simultaneously supplying the country’s energy needs, particularly for the manufacturing and residential sectors. The government can think about suggesting tax breaks for investments made in the generation of green energy to encourage this. Secondly, businesses that are interested in green products could be given incentives by the government. This approach may lessen the impact of commercial accomplishments on the environment. Lastly, commercial tax exclusions on eco-friendly export commodities could offer an effective approach for attaining mutual economic advancement and environmental protection. Though Malaysia is a heavily industrialized country, it is not considered a major polluter by world measures. Nevertheless, it is facing unique challenges in limiting its carbon footprint and has a responsibility to take proactive measures to become a more environmentally friendly nation.



Fortunately, Malaysia has made considerable advancements in expanding its cutting-edge expertise, for example, in energy proficiency improvements, carbon appraisal schemes, and green energy sources, and has been deeply involved in determining global climate policies in international climate concession situations. Perhaps the government could offer different incentives for businesses, such as imposing taxes on non-RE sources and providing tax breaks or subsidies for businesses that enthusiastically implement green energy sources to invest in eco-friendly/greener exercises, extensively reducing CO2 emissions, and refining environmental implementation.



Additionally, Malaysia should develop sustainable export strategies in light of the significant impact that exports have on greenhouse gas emissions. This can be accomplished by encouraging eco-friendly export methods across the nation. Utilizing advanced technologies and optimizing production systems may drastically lessen the environmental footprint linked to exports. Moreover, Malaysia can minimize the environmental impact of its export activities by implementing sustainable packaging and transportation methods. Increasing production and energy consumption can be effectively mitigated by incorporating environmental considerations into export-oriented industries. By securing the implementation of green practices, Malaysia may draw in environmentally conscious investors, partners, and customers; create new avenues for revenue generation; and ensure a better and cleaner future for its citizens.



There are a few limitations to this study. Owing to the limited available time series data, using panel countries and testing the theory in one area could provide useful results. Second, instead of depending only on the ARDL method, it is worth considering the use of other analytical tools, such as the STIRPAT and LMDI models, in future studies. A stronger evaluation of the topic would result from this. Finally, the unique effects of CO2 emissions from homes and businesses in the area should be distinguished and studied.
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Figure 1. Energy demand in Malaysia from 2015 to 2021. Source: Malaysia energy information hub, Energy commission, 2023. 
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Figure 2. Fossil Fuel Consumption per Capita in Malaysia. Source: World Bank. Produced by the authors. 
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Figure 3. CO2 emissions per capita in Malaysia. Source: World Bank. Produced by the authors. 
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Figure 4. Total exports in Malaysia in 2022. Source: https://atlas.cid.harvard.edu/rankings. 
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Figure 5. Cumulative sum of recursive residuals (CUSUM). 
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Figure 6. Cumulative sum of squares of recursive residual (CUSUM square). 
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Table 1. Descriptive statistics of the variables and the correlation matrices.
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lnCO2

	
lnECI

	
lnGDP

	
lnGDP2

	
lnEC






	
Mean

	
8.261

	
−0.344

	
3.903

	
15.238

	
3.028




	
Median

	
8.284

	
−0.069

	
3.895

	
15.168

	
2.964




	
Maximum

	
8.430

	
0.051

	
4.046

	
16.369

	
3.439




	
Minimum

	
8.017

	
−2.235

	
3.769

	
14.210

	
2.764




	
Std. Dev.

	
0.129

	
0.629

	
0.085

	
0.668

	
0.215




	
Skewness

	
−0.420

	
−2.117

	
0.151

	
0.175

	
0.775




	
Kurtosis

	
1.971

	
6.463

	
1.767

	
1.773

	
2.276




	
Jarque-Bera

	
1.768

	
29.931

	
1.610

	
1.627

	
2.929




	
Probability

	
0.413

	
0.000

	
0.447

	
0.443

	
0.231




	
Sum

	
198.271

	
−8.257

	
93.666

	
365.723

	
72.671




	
Sum Sq. Dev.

	
0.383

	
9.115

	
0.168

	
10.257

	
1.059




	
Observations

	
24

	
24

	
24

	
24

	
24




	
Correlation matrix




	
lnCO2

	
1.0000

	

	

	

	




	
lnECI

	
0.7983

	
1.0000

	

	

	




	
lnGDP

	
0.9620

	
0.6975

	
1.0000

	

	




	
lnGDP2

	
0.9600

	
0.6932

	
1.0000

	
1.0000

	




	
lnEC

	
0.7585

	
0.5149

	
0.8762

	
0.8796

	
1.0000











 





Table 2. Results of unit root tests.
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Variables

	
ADF Test Statistic

	
PP Test Statistic




	

	
Level

	
1st Difference

	
Level

	
1st Difference






	
lnCO2

	
−2.43 **

	
−6.23 **

	
−0.55

	
−5.41




	
lnGDP

	
−0.08

	
−6.12 **

	
0.02

	
−6.61 **




	
lnGDP2

	
−0.06

	
−5.94 **

	
0.04

	
−6.19 **




	
lnEC

	
−1.44

	
−4.26 **

	
−1.43

	
−4.28 **




	
lnECI

	
−2.15 **

	
−5.44 **

	
−9.40 **

	
−4.02 **








(**) represent 5% levels of significance.













 





Table 3. Results of the Cointegration Test.
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	Empirical Model
	   l n   C O   2   = ( l n G D P ,   l n G D P   2   ,   l n E C ,   l n E C I )   
	



	Optimum lag length
	2, 1, 0, 0, 0
	



	F-statistics
	9.967 ***
	



	Significance level
	Lower bound (0)
	Upper bound I (1)



	1%
	4.4
	5.72



	2.50%
	3.89
	5.07



	5%
	3.47
	4.57



	10%
	3.03
	4.06







(***) represent 10% levels of significance.













 





Table 4. Results of the ARDL model.
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	Variables
	Coefficient
	Std Error
	t-Statistic
	Prob





	LnGDP
	2.071
	0.446
	4.634
	0.007 **



	D(lnGDP)
	59.05
	16.962
	3.482
	0.005 **



	LnGDP2
	−0.215
	0.064
	−3.429
	0.001 **



	D(LnGDP2)
	−7.458
	2.164
	−3.445
	0.005 **



	LnEC
	0.978
	0.410
	2.368
	0.037 **



	D(LnEC)
	0.429
	0.251
	1.709
	0.112



	lnECI
	0.182
	0.054
	3.393
	0.006 **



	D(lnECI)
	0.224
	0.089
	2.505
	0.029 **



	ECT(−1)
	−0.667
	0.183
	−6.220
	0.0001 *



	R2
	0.991
	
	Adjusted R2
	0.983



	Diagnostic test statistics
	t-test
	p-value
	
	



	Lagrange multiplier test
	1.469
	0.302
	
	



	Jarque–Bera test
	1.19
	0.546
	
	



	Breusch–Pagan–Godfrey test
	0.713
	0.726
	
	







(*) and (**) represent 1% and 5% levels of significance, respectively.
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