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Abstract

:

The purpose of this paper is to analyze the correlations among per capita gross domestic product (GDP), household fuel (natural gas and liquefied petroleum gas) consumption, and carbon dioxide (CO2) emissions through the environmental Kuznets curve (EKC) at the regional and national level in China using data from 2003 to 2015. The results validate the EKC assumption and show that per capita GDP is positively related to CO2 emissions; per capita natural gas consumption has a negative impact on CO2 emissions; however, per capita liquefied petroleum gas (LPG) consumption has a positive effect on CO2 emissions. Therefore, increasing natural gas consumption can effectively slow down the environmental degradation of China. Given rapid economic growth, changing the energy structure can improve the environment.
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1. Introduction


In recent years, with sustained economic growth, the attention paid to environmental deterioration is obvious. However, natural resource consumption contributes to economic growth and social progress. If the relationship between natural resources and economic growth is not coordinated, the environment will deteriorate. [1] Such problems are common in countries such as China, and the relationship between economic growth and energy consumption is also important. In China, economic growth has been accompanied by negative effects such as severe depletion of natural resources, environmental pollution, and increased CO2 emissions. In particular, energy consumption has increased dramatically over the last three decades and led to a sharp growth in China’s gross domestic product (GDP). However, China’s economic development has caused many environmental problems, especially CO2 emissions [2] According to China Emission Accounts and Datasets (CEADs), CO2 emissions totaled about 137.31 million tons (Mt) in 1997 and 318.55 million tons (Mt) in 2015, more than twofold increase. With the rapid growth of energy consumption, energy protection policies have become particularly important in China. Therefore, estimating the intensity of energy consumption and the substitution of clean energy is of great significance to environmental protection decisions.



In the late 1980s, though natural gas was able to replace most liquefied petroleum gas, a large number of urban residents began to use liquefied petroleum gas until the beginning of the twenty-first century. Recently, natural gas has been used in greater amounts, and the use of liquefied petroleum gas has declined. Natural gas consumption directly affects the share of liquefied petroleum gas and coal gas due to its lower price, its being more efficient, and its being cleaner for the environment than liquefied petroleum gas. However, natural gas cannot replace liquefied petroleum gas in the short term. Since pipeline natural gas is not available in all areas, and the supporting cost is expensive, suburbs and remote towns still use bottled liquefied petroleum gas because they have no pipeline natural gas. In addition, the operating temperature and characteristics of liquefied petroleum gas determine that it cannot be completely replaced by natural gas in certain special conditions such as welding and cutting. At present, as one of the most widely used clean energy sources, natural gas has received strong support from the country in civilian applications and will replace most liquefied petroleum gas, but both will be used in their fields to replace coal gas.



However, natural gas and liquefied petroleum gas consumption contribute to most of the CO2 emissions in China. Even so, due to the extremely uneven distribution of population and energy in China, there is a big difference between energy consumption in the eastern, central, western, and northeastern regions of China. As depicted in Figure 1, natural gas consumption is much higher in the eastern than in the central, western, and northeastern regions. More specifically, in 2015, the ratios of CO2 emissions were 30%, 27%, 19%, 24% in the eastern, central, western, and northeastern regions, respectively. The proportions of natural gas consumption were 50%, 20%, 18%, 12% in the eastern, central, western, and northeastern regions, respectively. The ratios of liquefied petroleum gas consumption were 49%, 23%, 7%, 21% in the eastern, central, western, and northeastern regions, respectively. The above facts show that CO2 emissions and liquefied petroleum gas consumption decrease from the eastern region to the central region to the northeast region to the western region. Due to the abundant natural gas reserves in western China, natural gas consumption decreases from the eastern to the central to the western to the northeast regions. The four regions have a huge difference in energy intensity. This means that estimating the energy consumption in the four regions of China is important for environmental protection, which plays a guiding role in the formulation of policies to reduce energy consumption and promote clean energy use in China and the four regions.



Based on this background, to the best of our knowledge, previous literatures have analyzed the dynamic relationship between CO2 emissions, economic growth, and energy intensity and consumption limited to coal. [3,4,5,6] The objective of this study is to be the first attempt to investigate the relationships between CO2 emissions, economic growth, and household fuel (natural gas and liquefied petroleum gas) consumption using an “inverted U-shaped” environmental Kuznets curve (EKC) model for a panel of 30 provinces in China, and to be the first to add household fuel (natural gas and liquefied petroleum gas) consumption as a new explanatory variable to study the effects of household fuel consumption on CO2 emissions, which can fill the knowledge gap for the nexus of selected variables.



The remaining sections are structured as follows. Section 2 reviews the relevant literature. Section 3 presents the model, data, and estimation methods. Section 4 discusses the empirical results. The final section offers the conclusions and policy implications.




2. Literature Review


CO2 is an important atmospheric gas that causes global warming. Hence, this study examines the causal relation between CO2 emissions and economic growth through the environmental Kuznets curve. Previous studies have found an inverted U-shaped relationship exists between CO2 emissions and economic growth. This can be explained by the fact that pollution increases with GDP growth. When income reaches a “turning point,” the environmental quality improves. In other words, this relationship can be explained by an economic theory that is a kind of income effect. As the economy develops, consumers reach higher levels of consumption and begin to demand increased investment in environmental protection. This point is called the “return point of income.” After the turning point, income continues to increase and environmental quality begins to improve. Since the introduction of the environmental Kuznets curve by Grossman and Krueger [7], the relation between environmental pollution and economic growth has been a popular topic in economic research and has certain practical significance for environmental policies.



2.1. The Presence of EKC


On the basis of many studies, the results of research can be roughly divided into two categories. In the first, the EKC is assumed to be present. For example, Shen and Wu [8] selected Beijing as a case city and used the EKC theory to determine the four stages of development in Beijing. Jalil and Mahmud [9] used time series data from 1975 to 2005 to analyze the long-term connections between China’s CO2 emissions and energy consumption, wages, and overseas business, and disclosed a nexus between wage and CO2 emissions to support the EKC. Lindmark [10] has explored the inverted U-shaped trajectory of CO2 emissions in Sweden since 1870. In addition, Heil and Selden [11], Moomaw and Unruh [12], Selden and Song [13], Holtz-Eakin and Selden [14], Sachs et al. [15], and Galeotti et al. [16] have empirically tested the inverted U-shaped nexus between CO2 emissions and economic growth, proving the existence of the EKC. In the second category, the EKC is assumed to be absent. Lantz and Feng [17] have found no significant nexus between CO2 emissions and economic growth. Shafik and Bandyopadhyay [18] have shown that CO2 emissions have a monotonic relationship with economic growth and that there is no inflection point. Moomaw and Unruh [12], Friedl and Getzner [19], and Martínez-Zarzoso and Bengochea-Morancho [20] have found that CO2 emissions and economic growth have an N-shaped relationship. Despite these differences, these studies indicate that CO2 emissions will grow as countries implement economic growth policies.




2.2. Energy Consumption and Economic Growth


Energy consumption drives economic growth, increases CO2 emissions, and results in environmental degradation and global warming. Dong [21] has studied correlations among CO2 emissions, GDP, natural gas, and renewable energy consumption in BRICS countries (i.e., Brazil, Russia, India, China, and South Africa) from 1985 to 2016. Dong [22] analyzed the potential impact of natural gas consumption on CO2 emissions using 1995–2014 panel data from 30 provinces in China. Dong [23] also analyzed the nexus between natural gas consumption and CO2 emissions in 14 Asia-Pacific countries from 1970 to 2016. Feng [24] has investigated long-run equilibrium relationships between energy consumption structures, economic structures, and energy intensity in China. Bhattacharya [25] investigated the effects of renewable energy consumption on the economic growth of 38 top renewable energy consuming countries from 1991 to 2012. Alper et al. [26] have examined the linkages between economic growth and renewable energy consumption for new European Union member countries during the period 1990–2009. Dong [27] has analyzed the effects of natural gas and renewable energy consumption on CO2 emissions, with results showing that natural gas and renewable energy consumption have a beneficial impact on CO2 emissions reduction. In addition, Halicioglu [28], Ozturk et al. [29], Acaravci et al. [30], Wang et al. [31], Arouri et al. [32], Pao et al. [33], Hossain [34], and Pao et al. [35] have verified the causality linkage between CO2 emissions and energy consumption.



According to the literature examined, many scholars have studied the EKC connection between CO2 emissions and economic growth, as well as the nexus between CO2 emissions and energy consumption from fossil fuel. However, few articles have included household fuel in models to analyze CO2 emissions.





3. Model, Methodology, and Data


3.1. Model and Methodology


One objective of this study is to analyze the dynamic relationship between China’s CO2 emissions, economic growth, and household fuel (natural gas and liquefied petroleum gas) consumption. In addition, we also examine the effectiveness of the EKC. Therefore, following a previous study by Dong [22], this paper extends the EKC model and adds household fuel (natural gas and liquefied petroleum gas) consumption as a new explanatory variable to study the contribution of household fuel consumption to CO2 emissions. The formula framework of the study is


CO2it=f(GDPit,GDP2it,NGit,LPGit)



(1)




where i = 1, 2, ..., 30, and t = 2003, 2004, ..., 2015 for each province and year, CO2 indicates per capita CO2 emissions; GDP(GDP2) indicates per capita GDP (squared); NG indicates per capita natural gas consumption; and LPG indicates per capita liquefied petroleum gas consumption.



After the logarithm of Equation (1), the formula is written as follows:


lnCO2it=αi+β1lnGDPit+β2(lnGDPit)2+β3lnNGit+β4lnLPGit+εit



(2)




β1, β2, β3, and β4 represent the long-term estimation parameters. αi indicates the intercept term and εi is the error term.



3.1.1. Panel Unit Root Tests


Before the regression analysis of panel data, it is essential to check whether the variable has a stationary sequence. First, we need to determine if a unit root exists in the time series. To improve the credibility of the unit root test results, this paper mainly uses the Levin-Lin-Chu (LLC) [36] and Fisher-Philips-Perron (Fisher-PP) [37] method to test the stability of the variables. If the first-order difference rejects the null hypothesis at different confidence levels, the variables all have first-order single-order sequences. Therefore, the panel cointegration test can be performed on the variables.




3.1.2. Panel Co-Integration Tests and Long-Term Parameter Estimates


To avoid false regressions and solve the problem of establishing a regression model between non-stationary time series variables, it is necessary to establish a cointegration theory. If a sequence in which two or more non-stationary variables are linearly combined exhibits a stationary state, a cointegration relationship exists between the sequences of variables. If the unit root of the variable is a first-order single sequence, a cointegration test can be performed. In this study, seven statistics of the Pedroni [38] test were used to judge whether a cointegration relationship exists between variables, and we then used the Kao [39] test method to verify the correctness.



After the cointegration test, estimating long-term parameters is the next step. Therefore, we used the fully modified ordinary least squares (FMOLS) and dynamic ordinary least squares (DOLS) estimators to calculate the long-term parameters. In the case of a small sample and heterogeneous panels, the FMOLS method may cause severe deviations in statistics due to the use of two-step non-parametric corrections. In contrast, DOLS estimators of heterogeneous panels have better statistical features.




3.1.3. The Vector Error Correction Model (VECM) Panel Granger Causality Test


Based on the results of the unit root test and cointegration test, to test the short-term and long-term relationship between variables, we established a vector error correction model to conduct empirical tests on CO2 emissions, economic growth, and household fuel consumption. First, we tested the long-term relationship between the selected variables. Second, we tested the short-term causal relationship between the selected variables using the Wald test.



The empirical formula for the VECM used is as follows:


[ΔlnCO2itΔlnGDPitΔlnGDPit2ΔlnNGitΔlnLPGit]=[γ1γ2γ3γ4γ5]+∑nm−1[δ11,mδ12,mδ13,mδ14,mδ15,mδ21,mδ22,mδ23,mδ24,mδ25,mδ31,mδ32,mδ33,mδ34,mδ35,mδ41,mδ42,mδ43,mδ44,mδ45,mδ51,mδ52,mδ53,mδ54,mδ55,m]×[ΔlnCO2it−1ΔlnGDPit−1ΔlnGDPit−12ΔlnNGit−1ΔlnLPGit−1]+[θ1θ2θ3θ4θ5]×(ECTit−1)+[ω1ω2ω3ω4ω5]











The value of ECTit−1 being statistically significant indicates a long-term causal relationship between the variables. We used the t-statistic in long-term causality and the F-statistic in short-term causality.





3.2. Data and Descriptive Statistics


Data were selected for per capita CO2 emissions, per capita GDP, the square of per capita GDP, and per capita household fuel (natural gas and liquefied petroleum gas) consumption in 30 provinces from 2003 to 2015 (since data were not available, we did not consider Tibet, Hong Kong, Macau, or Taiwan). The description and source of the variables listed in the model are shown in Table 1. CO2 emissions data were obtained from China Emission Accounts and Datasets, while GDP and household fuel (natural gas and liquefied petroleum gas) consumption data were obtained from the China Statistical Yearbook and National Bureau of Statistics of China (2003–2015). Figure 1 shows the distribution of CO2 emissions, and natural gas and liquefied petroleum gas consumption in China.



According to the regional classification criteria of the National Bureau of Statistics of China, the 30 provinces in China are classified into four regions: eastern, central, western, and northeastern [40]. This study analyzes the differences among CO2 emissions, economic growth, and household fuel (natural gas and liquefied petroleum gas) consumption in these four regions. Eastern China includes Beijing, Tianjin, Hebei, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan. Central China includes Shanxi, Anhui, Jiangxi, Henan, Hubei, and Hunan. Western China includes Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Shaanxi, Gansu, Qinghai, and Ningxia. Northeastern China includes Liaoning, Jilin, and Heilongjiang.



Table 2 lists the statistical descriptions of the variables for the four subpanels and the entire sample from 2003 to 2015. Figure 2 displays the distribution of all variables after logarithm in the panel data.





4. Empirical Results and Discussion


4.1. Results of Panel Unit Root Tests


The panel unit root test results are shown in Table 3. As Table 3 shows, ln GDP and (ln GDP)2 are not stationary at levels. The variables ln CO2, ln NG, and ln LPG are stationary at levels. However, no unit root exists in the five time series that include ln CO2, ln GDP, (ln GDP)2, ln NG, and ln LPG at first-order difference, thus rejecting the null hypothesis [23,24]. The next step is to examine the relationship among CO2 emissions, economic growth, natural gas, and liquefied petroleum gas.




4.2. Results of Cointegration Tests


As shown in Table 4, the results indicate that four of the seven including the panel augmented Dickey-Fuller (ADF)-statistic, panel PP-statistic, group ADF-statistic, and group PP-statistic are significant at the 1% significance level. This indicates that the null hypothesis without cointegration is rejected. In addition, the Kao cointegration test also rejects the null hypothesis without cointegration. In summary, Pedroni and Kao cointegration tests show long-term relationships among CO2 emissions, economic growth, natural gas and liquefied petroleum gas consumption. Also, this proves the existence of panel cointegration.




4.3. Estimation of Long-Run Coefficients


Since cointegration exists between the selected variables, as shown in Table 5, this study estimates the long-term parameters for CO2 emissions for each variable using FMOLS and DOLS estimation methods.



The long-term equilibrium of the whole sample indicates that the coefficients of ln GDP and (ln GDP)2 are positively and negatively significant at the 1% level using the FMOLS and DOLS estimation methods. This indicates an inverted U-shape between China’s CO2 emissions and economic growth. Thus, the EKC is assumed to be established. This is consistent with the findings of scholars such as Dong [22] and Kasman [41]. In addition, the coefficients of natural gas and liquefied petroleum gas consumption are negative and positive, respectively. According to FMOLS estimates, if natural gas consumption increases by 1%, CO2 emissions are reduced by 0.026%, and 1% increase in liquefied petroleum gas consumption will grow CO2 emissions by 0.043%. According to DOLS estimates, if natural gas consumption increases by 1%, CO2 emissions are reduced by 0.020%, and 1% increase in liquefied petroleum gas consumption increases the emissions of CO2 by 0.019%.



The long-term estimations at the four regional levels in China indicate that three of the four regions have more CO2 emissions and are more affected by economic levels, supporting the existence of the EKC. However, CO2 emissions in the western region are minor, and the economic level is relatively backward, so the EKC does not exist in western China. In addition, in eastern China, natural gas has a positive effect on CO2 emissions, possibly because the economy level is high and the proportion of natural gas is relatively small compared to that of liquefied petroleum gas.



While natural gas consumption has a negative impact on CO2 emissions in the central, western, and northeastern regions, the coefficient of natural gas consumption in the western region is particularly significant. This may be due to the abundant natural gas reserves in the western region and the proportion of natural gas consumption. Finally, liquefied petroleum gas consumption has a positive impact on CO2 emissions in the eastern, central, northeastern, and western regions. In particular, the impact of liquefied petroleum gas consumption is significant in the eastern and central regions, indicating that liquefied petroleum gas consumption contributes to CO2 emissions. The conclusion is that natural gas may have a negative effect on CO2 emissions to a certain extent. Accelerating the development of natural gas energy can improve environmental quality and help to fight global warming.




4.4. The Results of the VECM Panel Granger Causality Test


As Table 6 shows, a causal relationship exists among CO2 emissions, economic growth, and household fuel (natural gas and liquefied petroleum gas) consumption based on short-term and long-term panel VECM Granger causality tests. First, with regard to the long-term causality results, the t-statistics of CO2 emissions, economic growth, and liquefied petroleum gas for ECTt-1 are positive and significant. This indicates a long-term causal relationship among these three equations. This is consistent with the long-term estimates of FMOLS and DOLS. In the short term, one-way Granger causality runs from economic growth to CO2 emissions and from CO2 emissions to natural gas energy consumption. This means that a short-term causal effect exists between economic growth and CO2 emissions and between CO2 emissions and natural gas. These findings are consistent with Kasman [41], Hwang [42], and Zhang [43].



When examining the relationship between CO2 emissions, economic growth, and household fuel (natural gas and liquefied petroleum gas) consumption, detecting the direction of causality is the most important step. The long-term effects of variables are particularly important and should make a huge contribution to the development of appropriate policies for the Chinese government to achieve CO2 reduction.





5. Conclusions and Policy Implications


This study has used an unbalanced panel dataset for 30 provinces from 2003 to 2015 to validate the EKC hypothesis. By using unit root tests, panel cointegration tests, and VECM Granger causality tests, the novelty of this paper is that it is the first to study the long-term relationships among per capita CO2 emissions, economic growth, and household fuel (natural gas and liquefied petroleum gas) consumption. Taking into account the differences in economic levels in various regions of China, the country was classified into four regions, namely, the eastern, central, western, and northeastern regions, and regression analysis was conducted on four sub-panels. Based on the results of FMOLS and DOLS estimation methods, the following conclusions can be drawn:



(1) Regarding the presence or absence of the EKC: At the national level, both FMOLS and DOLS estimation methods indicate an inverted U-shaped relationship between China’s CO2 emissions and economic growth. The FMOLS and DOLS estimators demonstrate the presence of the EKC in the eastern, central, and northeastern regions; these three regions have more CO2 emissions and are more affected by economic growth than the western region, which has less CO2 emissions and a relatively backward economic level, so the EKC is not supported in western China. In short, the EKC is present at the national level and in the eastern, central, and northeastern regions. However, no EKC is seen in western China.



(2) Regarding the impact of household fuel (natural gas and liquefied petroleum gas) consumption on CO2: At the national level, natural gas and liquefied petroleum gas consumption are negatively and positively correlated with CO2 emissions. Among the four regions, natural gas consumption is positively correlated with CO2 emissions in the eastern region, while it is negatively related to CO2 emissions in the central, western, and northeastern regions, and the coefficient of natural gas consumption in the western region is particularly significant. Liquefied petroleum gas consumption has a positive impact on CO2 emissions in the eastern, central, northeastern, and western regions. One important reason for high CO2 emissions is the use of non-clean energy in China. At present, it is difficult to develop and apply high-efficiency energy technology in China, but the country is expected to implement fuel conversion as soon as possible to reduce CO2 emissions. This is a good choice for developing countries like China.



The cost of natural gas and the pollution caused by purification processing is low. Natural gas can be used as a household gas or as an industrial chemical gas after simple purification processing and it emits less smoke after being fully burned. The main component of natural gas is 90–98% methane (CH4), which only emits CO2 and water after combustion. The composition of liquefied petroleum gas is relatively complicated, being mainly hydrocarbons of C5-C7. After liquefied petroleum gas combustion, the emissions of these components are various, and even some pollutants such as sulfur dioxide and hydrocarbons are emitted. Moreover, most liquefied petroleum gas is derived from petroleum, and more pollution is generated during the exploitation of oil. It is undeniable that the popularity of natural gas has a great impact on liquefied petroleum gas, but demand still exists in the liquefied petroleum gas market, which will be maintained for some time.



The change in energy structure has developed rapidly, and the proportion of natural gas in the energy structure has risen steadily and rapidly in China. The expansion of the natural gas pipeline means that the demand for natural gas consumption will continue to grow rapidly in the next few years. Although the output of natural gas is increasing, the rate of increase in output cannot keep up with the growth rate of consumption, and the gap between supply and demand is gradually widening. The exploitation of natural gas resources is limited in the short term and the construction of facilities is insufficient; the lack of supply in the natural gas market is also inevitable. To achieve the goal of sustainable development, every household needs to raise environmental awareness, save energy, and use clean fuel. China will also develop high-efficiency energy technologies rapidly, which will further promote CO2 emissions reduction.
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Figure 1. Distribution of CO2 emissions and household fuel (natural gas and liquefied petroleum gas) consumption in China in 2015. Note: Tibet, Hong Kong, Macao, and Taiwan were not considered due to data unavailability. 
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Figure 2. Scatter plot and distribution of all variables after logarithm. Note: The dots denote the minimum/maximum values and the triangles refer to the mean values. 
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