[image: image1]Role of Export Diversification and Renewable Energy on the Load Capacity Factor in Indonesia: A Fourier Quantile Causality Approach

		ORIGINAL RESEARCH
published: 28 October 2021
doi: 10.3389/fenvs.2021.770152


[image: image2]
Role of Export Diversification and Renewable Energy on the Load Capacity Factor in Indonesia: A Fourier Quantile Causality Approach
Zeeshan Fareed1, Sultan Salem2*, Tomiwa Sunday Adebayo3,4, Ugur Korkut Pata5 and Farrukh Shahzad6
1School of Economics and Management, Huzhou University, Huzhou, China
2Department of Economics (DoE), Birmingham Business School (BBS), College of Social Sciences (CoSS), University of Birmingham, Birmingham, United Kingdom
3Faculty of Economics and Administrative Science, Cyprus International University, Nicosia, Cyprus
4Department of Finance and Accounting, Akfa University, Tashkent, Uzbekistan
5Faculty of Economics and Administrative Sciences, Department of Economics, Osmaniye Korkut Ata University, Osmaniye, Turkey
6School of Economics and Management, Guangdong University of Petrochemical Technology, Maoming, China
Edited by:
Lianbiao Cui, Anhui University of Finance and Economics, China
Reviewed by:
Zahoor Ahmed, Beijing Institute of Technology, China
Muntasir Murshed, North South University, Bangladesh
* Correspondence: Sultan Salem, s.salem@bham.ac.uk
Specialty section: This article was submitted to Environmental Economics and Management, a section of the journal Frontiers in Environmental Science
Received: 03 September 2021
Accepted: 14 September 2021
Published: 28 October 2021
Citation: Fareed Z, Salem S, Adebayo TS, Pata UK and Shahzad F (2021) Role of Export Diversification and Renewable Energy on the Load Capacity Factor in Indonesia: A Fourier Quantile Causality Approach. Front. Environ. Sci. 9:770152. doi: 10.3389/fenvs.2021.770152

Sustainable development and reducing environmental pressure are major issues that concern developed as well as developing countries. Although researchers widely use carbon dioxide emissions and ecological footprint within the scope of environmental degradation, a more comprehensive ecological indicator is needed to assess environmental sustainability. In this context, the load capacity factor enables a comprehensive environmental sustainability assessment through the simultaneous analysis of biocapacity and ecological footprint. However, there are few studies analyzing the determinants of load capacity factor and this study aims to fill this gap for Indonesia. Using the recently developed Fourier quantile causality test, this study investigates the impact of income, export diversification, non-renewable and renewable energy consumption on the load capacity factor for Indonesia during 1965Q1–2014Q4. The results show unidirectional causality from non-renewable energy consumption to the load capacity factor at all quantiles, while income, export diversification, and renewable energy are the causes of environmental quality at middle and higher quantiles (within 0.5, 0.7, and 0.9). Most importantly, renewable energy and export diversification increase the load capacity factor and thus support environmental quality. In contrast, an increase in income and consumption of non-renewable energy reduces the load capacity factor. These results highlight the importance of renewable energy and export diversification for the sustainable development of Indonesia.
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INTRODUCTION
One of the most serious issues confronting the entire planet is the continuing and increasing degradation of the environment and climate. The United Nations Framework Convention on Climate Change represents a significant stride forward in global cooperation to combat climate change. The COP21 agreement in Paris was a critical step in improving global awareness and diplomacy on climate-related concerns. The COP21 was crucial for the global community to realize that the continuous expansion of economic activities has exacerbated climate change by increasing carbon dioxide (CO2) levels in the atmosphere, leading to an increase in global temperature (Su et al., 2021). The rapid expansion of global production has also expanded the ecological footprint (EF) by exploiting natural resources and increasing energy utilization (Adebayo and Kirikkaleli, 2021), causing global warming. Furthermore, as the world’s populace grows, the need for energy adds to ecological concerns (He et al., 2021).
Several potential causes of environmental degradation have been found in the literature; economic expansion, fossil fuel use, foreign direct investment, and trade openness have been recognized as major contributors to CO2 emissions (Pata, 2018). Nevertheless, it was not until the late 21st century that scholars began to recognize a possible connection between environmental degradation and trade diversification (Rasli et al., 2018; Mania, 2020; Liu et al., 2018). Several nations are also trying to diversify their exports to increase their share of global commerce and protect their exports against demand shocks. Nonetheless, trade diversification is likely to increase the likelihood of CO2 emissions in areas where nations are linked for trade purposes, which means that the potential involvement of trade diversification in pollution cannot be overlooked. Whether trade diversification is the cause of the rapid spread of emissions or aid in mitigating CO2 emissions remains an open question.
Governments around the world have recognized renewable energy consumption as a means to alleviate environmental deterioration, in addition to putting a greater focus on the role of trade diversification in reducing carbon emissions. As fossil fuels have exacerbated global warming, the international community is focusing on a sustainable development agenda that calls for the adoption of greener, renewable energy sources (Pata, 2021a). The use of renewable energy plays an important role in abating greenhouse gasses (Yuping et al., 2021). By lowering reliance on fossil fuels, renewable energy can help reduce emissions and maintain energy security. Renewable energy sources can lower energy costs, minimize climate and environmental impacts, enhance human health and air quality, and create jobs (Kirikkaleli and Adebayo, 2020). In addition, energy import prices can be reduced by utilizing indigenous renewable energy resources such as wind, solar, biomass, geothermal, and hydropower (Sharif et al., 2019). For all these reasons, nations are switching to renewable energy.
As for indicators of environmental degradation, there are a variety of measures. Researchers have studied CO2 emissions and related variables extensively, but CO2 emissions only provide information on air pollution, which can cause water and soil pollution to be overlooked. For this reason, researchers have begun to investigate EF, a wide measure of ecological damage than CO2 emissions (Yilanci and Pata, 2020). A prerequisite for sustainability is that societies do not utilize natural resources rapidly than the biosphere’s reproductive potential and do not generate unnecessary waste Moran et al. (2008). However, the supply side of ecological conditions is ignored in the EF analysis. Siche et al. (2010) suggest using a load capacity factor to evaluate the elasticity of the elements affecting environmental quality in such a situation.
Within the scope of EF accounting, Siche et al. (2009) measured the load capacity factor by dividing the biocapacity by the EF and considering “1” as the limit of environmental sustainability. The load capacity factor indicates whether a society’s ecological system and current lifestyle are sustainable. Suppose the load capacity factor is less than “1”. In that case, the current environmental conditions are unsustainable, whereas a load capacity factor greater than “1” indicates that available resources are sufficient to meet human resource needs.
To the best of our knowledge, only two studies have empirically tested the determinants of the load capacity factor. First, Pata (2021b) used the augmented ARDL approach and found that economic growth reduces the load capacity factor in Japan and the United States, while health spending increases environmental quality in both countries. The author also emphasized that renewable energy improves the load capacity factor in the United States. On the other hand, using the dynamic ARDL method for China, Pata and Isik (2021) concluded that income, energy intensity, and natural resource rent reduce environmental quality while human capital helps to increase the load capacity factor. Regarding the load capacity factor, there seems to be a gap and research opportunity for other countries and groups of countries.
This study aims to examine the impact of renewable energy, non-renewable energy, income and export product diversification on the load capacity factor in Indonesia. While many studies have examined the environmental effects of export diversification in developing countries such as China, Korea, and Turkey (see, e.g., Gozgor and Can, 2016; Liu et al., 2018; Li et al., 2021), Indonesia has been neglected.
Figure 1 shows the ecological situation in Indonesia for the analysis period 1965–2014 with load capacity factor, EF, and biocapacity. It can be seen that biocapacity is decreasing rapidly. Indonesia has had an ecological deficit and a load capacity factor of less than “1” since 2000. In 50 years, the EF has increased by 28%, while the country’s biocapacity has decreased by 49%. An analysis that only considers EF might suggest that environmental pollution in Indonesia has increased by 29%, but this is not entirely true about overall conditions. As can be seen from the figure, the biocapacity to meet anthropogenic demand for natural resources has decreased by over 49% over the same period. Therefore, biocapacity should not be neglected in the environmental sustainability analysis of Indonesia. In this context, a more accurate approach is to consider both biocapacity and EF simultaneously by examining the load capacity factor as an environmental quality indicator.
[image: Figure 1]FIGURE 1 | Ecological situation in Indonesia. SOURCE: Global Footprint Network (2021).
The present study contributes to the ongoing literature in two distinct ways: First, we utilized the load capacity factor as a metric for environmental sustainability. This metric represents both supply and demand-side features of environmental quality. Second, we applied the Bootstrap Fourier Granger causality in quantiles (BFGC-Q). Unlike the Fourier-Toda-Yamamoto causality test, which does not provide information about the nonlinear causalities and tail-causal relationship, the BFGC-Q initiated by Cheng et al. (2021) provides a flexible and detailed way to evaluate causality relationships. Thus, the present research fills the gap in prior studies by assessing the influence of renewable energy and export diversification on the load capacity factor in Indonesia.
The next section presents a summary of related studies followed by data and methods in Data and Methodology. Study findings and discussion are presented in Empirical Results, and Conclusion concludes the research.
LITERATURE REVIEW
This section of the empirical analysis reviewed past studies on the influence of export diversification, trade openness, fossil fuels, renewable energy, and economic growth on environmental degradation. For example, using Japan as a case study, Ikram et al. (2021) assessed the determinants of EF using ARDL and quantile ARDL approaches. The outcomes from their study disclosed that energy utilization triggers pollution. Odugbesan et al. (2021) studied Thailand utilizing a dataset from 1971 to 2017 and reported that both fossil fuels and GDP reduce environmental quality. Similarly, Ahmad et al. (2020) explored the GDP-emissions association in Chinese provinces using the dynamic common correlated mean group method from 2000 to 2018 and concluded that economic progress trigger emissions levels. In 21 Kyoto annexe countries, Nazir et al. (2018) explored the interrelationship among trade, GDP, and environmental degradation using system GMM and panel causality from 1990 to 2018. The outcomes of this research showed that an upsurge in trade activities and GDP leads to an increase in environmental degradation. The study of Adebayo et al. (2021) for Indonesia also found that an upsurge in GDP triggers environmental degradation. Similarly, Hashmi et al. (2020) contemplated that trade openness positively influences the environment in the short and long run by using the ARDL model for Pakistan over 1971–2014.
Several studies have been conducted regarding the connection between environmental degradation and renewable energy utilization (REC). For example, the study by Fatima et al. (2021) investigated the impact of REC on environmental degradation using random and fixed effect regression models and found that REC helps prevent environmental degradation. Similarly, utilizing a dataset from 1990 to 2014, Akram et al. (2020) assessed the REC-degradation interrelationship in BRICS economies. The study utilized the panel ARDL approach, and the outcomes revealed that an upsurge in REC enhances environmental sustainability. The research by Sharma et al. (2021) on the interrelationship between REC and CO2 emissions from 1990 to 2015 using CS-ARDL disclosed that an upsurge in REC improves the quality of the environment in eight developing Asian countries. In addition, Yuping et al. (2021) performed a case study on Argentina to evaluate the effect of REC on environmental sustainability using a dataset from 1980 to 2018. The ARDL method was used in the study, and the results of the study showed that REC contributes to environmental sustainability.
Similarly, the study of Pata (2021c) in the United States on the REC-emissions association using the Bayer-Hanck cointegration found a negative interrelationship between environmental degradation and renewable energy utilization, which means that an upsurge in REC abates EF and CO2 emissions. Rafique et al. (2021) examined the heterogeneous relationship between REC and ecological footprint in OECD economies between 1994–2016. They concluded that REC has a heterogeneous impact on ecological footprint, and REC plays an important role to mitigate pollution in OECD countries.
Furthermore, recent studies have been conducted on the relationship between environmental degradation and export diversification, but they have reached different conclusions. For instance, Liu et al. (2019) utilized Driscoll and Kraay approach and reported that export diversification accelerates environmental degradation. Using a dataset from 1995 to 2013, Mania (2020) assessed the interconnection between environmental degradation and export diversification using the Generalized Method of Moment (GMM) in less advanced countries and concluded that export diversification has a positive impact on CO2 emissions. The research of Khan et al. (2021) utilizing RCEP countries and datasets from 1987 to 2017 disclosed that export diversification boosts pollution. Similarly, the research by Wang et al. (2020) on the connection between export diversification and emissions in G-7 nations between 1990 and 2017 revealed that export diversification contributes to environmental degradation.
In contrast, Shahzad et al. (2020) used GMM for 63 countries from 1971 to 2014 and found that export diversification reduces CO2 emissions. Wang et al. (2021) used FMOLS, DOLS and Granger causality tests for ten leading complex countries from 1980 to 2014 and concluded that export diversification mitigates environmental degradation. The study by Shahzad et al. (2021), also utilizing a dataset from 1971 to 2014 for 63 countries and applying the GMM, showed that an upsurge in export diversification enhances environmental quality. Similarly, Murshed and Dao (2020) contemplated that export quality significantly reduces carbon emissions in South Asian economies using a dataset from 1972 to 2014. The inconsistency in the literature highlights the need to analyze the impact of export diversification on various environmental indicators.
DATA AND METHODOLOGY
Data
The annual data covering the period 1965–2014 consists of five variables. The data for the load capacity factor (LCF), export product diversification (EXDIV), renewable energy consumption (REC), fossil fuel consumption (FEC), and gross domestic product (GDP) come from four different sources. The data of LCF (index) are collected from Global Footprint Network (2021), GDP (per capita, constant 2010) from the World Bank (2021), EXDIV (index) calculated by Henn et al. (2020) from International Monetary Fund (2021), and REC (per capita, kWh) and EC (per capita, kWh) from Our World in Data (2021). All these annual frequency data are transformed into logarithmic values and converted to quarterly frequencies using the quadratic match-sum method to avoid problems with small observations. This method considers seasonality by reducing data variations while transitioning from low frequency to high frequency, and therefore it is preferred over other interpolation methods (Sbia, 2014; Shahzad, 2017). Table 1 provides some descriptive statistics for quarterly data.
TABLE 1 | Descriptive statistics.
[image: Table 1]The Jarque-Bera test statistics and probability values show that the five series are not normally distributed. For non-normally distributed series, it is more appropriate to use median-based quantile causality tests instead of mean-based standard Granger causality tests (Balcilar et al., 2017; Balcilar et al., 2021). Based on this, we analyze the determinants of the load capacity factor using the Fourier causality test.
Fourier Quantile Causality Test
Granger (1969) proposed a causality test to determine the predictive power of one variable for another. Over time, many researchers have modified Granger’s causality test. Toda and Yamamoto (1995) extended the causality test to eliminate long-term information losses by using level data and adding the maximum order of integration of the variables to the vector autoregression model. However, this approach does not account for structural breaks. To address this omission, Enders and Jones (2016) modified the Granger causality test by using Gallant’s Fourier approximation. Following Enders and Jones (2016), Nazlioglu et al. (2016) applied the same procedure to the Toda-Yamamoto causality test. In the first step of the Fourier Toda-Yamamoto causality test, Nazlioglu et al. (2016) relaxed the assumption that the intercept does not change over time, as in Eq. 1.
[image: image]
where [image: image] denotes the time dependent intercepts, [image: image] represents the coefficient matrices, [image: image]contains the endogenous variables such as LCF, ECX, REC and FEC, p shows the optimal lag lengths, dmax denotes the maximum order of integration of the variables, and [image: image] indicates the error terms. In the second stage, [image: image] is arranged with Fourier approximation to account for abrupt and smooth structural breaks.
[image: image]
In Eq. 2, [image: image] shows the frequency at which k sum of squared residuals is minimum, t is the time trend, T is the number of observations, and [image: image] and [image: image] calculates the amplitude and displacement of the frequency, respectively. Cumulative frequencies are more reliable in studies with about 250 observations (Nazlioglu et al., 2019). In the final stage, Eq. 2 is substituted into Eq. 1, and thus the Toda-Yamamoto causality test is performed considering structural breaks.
[image: image]
In Eq. 3, the significance of the trigonometric terms can be tested using the conventional F-statistic following Becker et al. (2006). If the parameters are not equal to zero [image: image], it is decided that the Fourier approximation should be included in the analysis, otherwise the standard Toda-Yamamoto causality test can be applied. Having established that the Fourier parameters are not equal to zero, the null of non-causality can be tested as H0: [image: image].
The Fourier-Toda-Yamamoto causality test does not provide information about the nonlinear causalities and the tail-causal relationship. Considering this issue, Cheng et al. (2021) modified the Fourier Toda-Yamamoto causality test by using a quantile autoregression approach. With the approach, referred to as “Bootstrap Fourier Granger causality in quantiles” (BFGC-Q), Cheng et al. (2021) aimed to provide a flexible and detailed way to evaluate causality relationships. To construct the BFGC-Q test, the quantiles are added to Eq. 3 and the following equation is estimated:
[image: image]
In Eq. 4, Z denotes a matrix with all covariates, k* and p* are the optimal lags and frequencies, respectively. Estimating Eq. 4 with the quantile regression approach, Granger non-causality can be tested at different quantiles “τ∈(0,1)” as follows:
[image: image]
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In Eq. 6, [image: image] contains the vector of coefficients for the [image: image]th quantile and [image: image] represents a strong estimator of the variance-covariance matrix for the [image: image]. If the Wald statistic is greater than the critical values obtained by the bootstrap simulation, the null hypothesis in Eq. 5 is rejected and causality is confirmed at the relevant quantile.
EMPIRICAL RESULTS
In the first step of the analysis, we use traditional unit root tests to determine the maximum order of integration of the variables and report the results in Table 2.
TABLE 2 | Results of unit root tests.
[image: Table 2]The results of the ADF and PP -unit root tests show that all series are stationary at the first difference [I(1)]. ZA unit root test indicates that GDP is stationary at level [I(0)], while LCF, EXDIV, REC and FEC contain a unit root. These findings suggest that the maximum order of integrating the variables (dmax) is “1”. Moreover, structural breaks intensified in 1997Q2–1998Q2 can be attributed to the 1997 Asian crisis, which affected export product diversification, economic growth and environmental quality. On the one hand, the 1997 crisis significantly impacted Indonesia’s income and debt levels and ended 30 years of uninterrupted economic growth (Enoch et al., 2001). On the other hand, the 1997–1998 crisis caused Indonesia’s banking system to be reluctant to lend and Indonesia’s economic recovery process was slow due to the credit crunch and high-interest rates (Trinugroho et al., 2014). It is clear that such a crisis leads to economic and environmental changes.
After determining the maximum integration degree of the series to be “1” based on the results of the unit root tests, in the second step of the analysis, we test the significance of the Fourier terms using the F-test and show the results in Table 3.
TABLE 3 | Results of F-test.
[image: Table 3]We set the maximum lag length to six and the frequency to four, following Cheng (2021). In Table 3, the F-statistic is greater than the 1% bootstrapped critical value (7.115 > 7.103). This finding implies that Fourier functions should be used in causality analysis.
In the final step of the analysis, we employ the BFGC-Q test to examine the causal effects of export product diversification, income, renewable energy and non-renewable energy on the load capacity factor. Table 4 presents the results of the BFGC-Q causality test.
TABLE 4 | Results of Fourier quantile causality test.
[image: Table 4]The results show that there is unidirectional causality from fossil fuel consumption to load capacity factor for all quantiles. In contrast, export diversification is the cause of environmental quality only at the 0.7 quantile. Similarly, a unidirectional causality runs from income and renewable energy to the load capacity factor at higher quantiles (0.5, 0.7, and 0.9). These findings show that the relationship between fossil fuel consumption and environmental quality is not sensitive to quantiles; on the contrary, the causal effects of export diversification, income, and renewable energy consumption on the load capacity factor are highly sensitive.
Moreover, by examining the coefficients of the independent variables, we find that income and fossil fuels reduce environmental quality, while renewable energy and export diversification increases the load capacity factor (see Figure 2.).
[image: Figure 2]FIGURE 2 | Quantile causality direction.
Despite Indonesia’s large renewable energy potential, the country’s energy sector is heavily dependent on fossil fuels (Sugiawan and Managi, 2016). Indonesia’s high dependence on oil and imports for more than 50% of its energy is a potential risk to its energy supply (Rahman et al., 2021). Renewable energy is a good alternative to avoid these risks and improve environmental quality. Indonesia utilizes 60% of its bioenergy capacity and 78% of its geothermal energy capacity. However, the utilization rates in this country are 22% for solar energy and 1% for wind energy (IRENA, 2020). Indonesia needs to increase its investment in solar and wind energy and the utilization areas of this energy to support the load capacity factor.
In Indonesia, export diversification can enable the use of environmental technologies through the technique effect. In addition, as noted by Shahzad et al. (2021), export diversification can help reduce energy demand in Indonesia. Therefore, Indonesia should continue to specialize and diversify in exports to improve environmental quality. Expanding the export basket of goods and services can increase the load capacity factor by developing environmentally friendly energy technologies in this country. The Indonesian government can both reduce the country’s dependence on exports of certain commodities and support environmental quality by providing favorable loans and tax breaks to exporters to diversify their export basket.
CONCLUSION
Indonesia is the fourth most populous country in the world and suffers from severe environmental issues due to its high population density and rapid industrial growth. Many studies have examined environmental degradation through mostly used indicators; CO2 emissions, EF, and greenhouse gas emissions in both developed and developing countries. However, a more comprehensive ecological indicator is much needed to address environmental issues and achieve the Sustainable Development Goals. Therefore, this study uses a load capacity factor as a different proxy of environmental degradation, which provides a comprehensive environmental assessment tool by concurrently analyzing biocapacity and EF. Furthermore, the load capacity factor offers both supply and demand-side aspects of environmental quality.
In this scenario, the current study explores the impact of renewable energy, non-renewable energy, income and export product diversification on the load capacity factor in the Indonesian context during 1965Q1–2014Q4. We employ a novel econometric method called Bootstrap Fourier Granger causality in quantiles (BFGC-Q) to achieve the objectives of the study. In contrast to the other traditional Granger and Toda-Yamamoto causality tests, this method yields asymmetric causalities and tail-causal associations between the variables within the Fourier approximation. We employ equally spaced grid of 5 quantiles (0.10, 0.30, 0.50, 0.70, and 0.90). The results reveal unidirectional causality running from export diversification, income and renewable energy consumption to load capacity factors at middle and upper quantiles, while non-renewable energy consumption causes load capacity factors at all quantile distributions.
In a nutshell, renewable energy and export diversification are important factors that increase load capacity and thus improve environmental quality in Indonesia. On the other hand, income and non-renewable energy consumption lower the load capacity factor. These empirical findings contribute significantly to the achievement of sustainable environmental development in Indonesia. Besides, this study provides some useful policy implications for policymakers. First, the Indonesian government needs to invest more in renewable energy sources (solar and wind energy) to offset the load capacity deficit. Second, the government should expand its export basket of goods and services to increase biocapacity and make the environment cleaner and undamaged by adopting clean environmental technologies. As Indonesia is the country with the second-highest plastic waste pollution globally, the government should pay more attention to the introduction of recycling processes and technologies, which, together with the improvement of biocapacity and the expansion of the export basket, will contribute to effective environmental protection.
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