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The Chinese government has adopted many policies to save energy and electricity in the chemical industry by improving technology and reforming its electricity market. The improved electricity efficiency and the electricity reform may indirectly reduce expected energy and electricity savings by decreasing the effective electricity price and the marginal cost of electricity services. To analyze the above issues, this paper employs the Morishima Elasticity of Substitution of the electricity cost share equation which is estimated by the DOLS method. The results show that: 1) There exists a rebound effect in the Chinese chemical industry, but it is quite large because the electricity price is being controlled by the government; 2) the reform of the electricity market reduces the rebound effect to 73.85%, as electricity price begins to reflect cost information to some extent; 3) there is still a lot of space for the reform to improve, and the rebound effect could be reduced further once the electricity price is adjusted to transfer the market information more correctly. In order to succeed in saving electricity and decreasing the rebound effect in the chemical industry, the policy implications are provided from perspectives of the improved energy efficiency and electricity pricing mechanism.
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1 INTRODUCTION
The 13th 5-year plan of the chemical industry has accomplished the aim of saving energy, in which energy efficiency would increase by 15% and carbon emissions would decrease by 18%, through researching and developing new technology, such as large epoxy ethane reactor and high purity lithium equipment. The International Energy Agency (IEA) proposes a definition of energy efficiency as a way of managing and restraining the increase in energy usage. The most significant part of energy is electricity, according to Lin and Tian. (2016), over the past 2 decades, the average annual growth rate of electricity demand in our country was about 10% higher than that of any other country in the world, and China is still in the process of developing, so the demand of electricity will continue to grow. Then it is necessary to save electricity and improve electricity efficiency. Electricity efficiency is divided into economic efficiency and physical electricity efficiency. An economic indicator is when a factory provides more products for the same electricity input or the same products for less electricity input. In general, improving electricity efficiency or other energy efficiency means innovating technology for electricity conservation and emissions reduction. Could electricity saving be achieved by improving electricity efficiency in China? The issue has troubled economists for a long time, because empirical studies in the United States suggest that rebound effects (REs) could partially reduce electricity savings. The research on this issue is of great significance to the improvement of China’s national emissions trading scheme, for the size of the rebound effect has a great impact on the effectiveness of the relevant policy, which would greatly affect the rationality of China’s national emissions trading scheme.
Jevons. (1866) first argued that improvements in energy efficiency would result in consuming more energy and he gave an example of iron in Sughra over the period 1830–1863, which is called “Jevons Paradox”. The paradox may to some extent reduce the size of energy conservation. The phenomenon has also been called the “rebound effect”. The importance of the rebound effect attracts more attention for designing an energy policy to reduce emissions. Khazzoom. (1980) further analyzed the rebound effect from a micro level and suggested that as long as energy service was sensitive to its marginal cost, reduction in energy use would not be equal to a decrease in energy consumption for per unit products multiplied by total output. On the macro level, Brookes. (1990), pointed out that technology progress improving electricity efficiency always promoted economic growth, and which led to consuming more energy and the failure of energy saving. In all, Khazzoom and Brookes introduced the theory of the rebound effect from perspectives of the micro and macro level, respectively. The theory was termed the K-B hypothesis by subsequent researchers. Saunders. (1992) confirmed the K-B hypothesis in the application of the neo-classical theory with Cobb-Douglas and with nested CES.
Similarly, Dubin et al. (1986) applied the econometric method and an engineering-thermal load model to analyze the rebound effect of household electricity demand and found that actual saving was equal to 87% of engineering estimates for cooling and 88–92% for heating. Moreover, Haugland. (1996) suggested that the electricity rebound effect in Norway was 40% for households and 10% for commerce. Greene. (1992) measured the rebound effect of vehicle use over the period 1966–1989 and found it was only 5–15% or less. Jones. (1993) adopted the same data as Greene. (1992) and assessed long-term rebound effects.
In practice, methods calculating the value of the rebound effect consist of the direct rebound effect, indirect rebound effect, and economy-wide effect (Greening et al., 2000).
Direct rebound effect: The decrease in effective price of an energy service due to energy efficiency improvements induces the increase in demand, which stops the reduction in energy consumption. In this paper, energy services such as heating and lighting refers to the useful work stemmed from energy conversion devices (Evans and Lester, 2009). For example, a decrease in the effective price of an air conditioner stimulates consumers to buy more or use them longer than before. Bentzen. (2004) estimated the direct rebound effect in United States manufacturing using own-price elasticity of energy and found that it was about 24%. In sum, since the decrease in the marginal cost of a service due to technology progress leads to the change in demand, energy usage relative to the service may be more than before. The direct rebound effect is the gap between them. Liu et al. (2019) developed an improved approach to measure the energy rebound effect via the elasticity of energy service consumption with respect to energy service price, analyzed the panel data of two-digit industrial sectors in China between 1994 and 2015, and worked out that the direct rebound effect for the industry was 37.0%.
Indirect rebound effect: Evans and Lester. (2009) pointed out that the indirect rebound effect has two sources: One is from the production and installment of advanced equipment prior to efficiency improvement and the other is from improvements. The former is usually neglected. Generally speaking, the indirect rebound effect refers to the latter. The lower effective price of an energy service makes users save more money, which increases the demand for other goods, and services. For instance, one may spend the cost savings from more efficient lighting system in foods. Kok et al. (2006) used an input-output energy table to evaluate the environmental load of household consumption in Netherlands. Zhang and Peng. (2017) found that the direct RE was about 68% (55%) in the low (high) income regime, and the increase in GDP per capita may help to reduce the direct RE, based on the panel data of China’s residential electricity consumption under different kinds of regimes during 2000–2013.
Economy-wide effect: Based on the relevance of all sectors, efficiency improvement of one sector would cause the adjustments in the prices and quantities of goods and services, which induces change in energy use. For example, energy efficiency improvements in paint would decrease its price and reduce the costs of manufacturers that use paint. In turn, paint manufacturers can buy the lower price of other intermediate inputs. Grepperud and Rasmussen. (2004) explored the rebound effect from a perspective of a national economy using computable general equilibrium (CGE) and drew the conclusion that manufacturing sectors had the rebound effect and others appeared to be weak.
Although the phenomenon of rebound effect is accepted, its importance is still debated. Some argue that the rebound effect is relatively important (Brookes, 1990; Saunders, 1992), while others support the opposite argument (Schipper and Grubb, 2000).
It is important for energy economics to identify the size of the rebound effect, especially for the Chinese government in the context of the global energy conservation and emissions reduction. China is still a developing country, and development remains its top priority. Meanwhile, China’s advantage in the abundance of coal leads to the present coal-dominated energy structure. And according to Lin et al., the model will not be changed in such a short period. So it is necessary to improve electricity efficiency and consider the rebound effect simultaneously.
Recently, numerous papers have conducted investigations into the Chinese rebound effect in macro and micro levels in recent years. Zhou and Lin (2007) addressed the issue using data that cover the period 1978–2004 from a perspective of the macro level. Further, Liu and Liu (2008) substituted panel data for time series data of Zhou and Lin (2007) and found that there was the largest rebound effect in the western region of China. Lin and Liu (2012) calculated that the technology-based energy rebound effect in China was 53.2% by using the data from 1981 to 2009, which means that China cannot simply rely on technical means to reduce energy consumption and emission. Wang et al. (2016) investigated the panel data of 30 Chinese provinces from 1996 to 2010 and then concluded that the long-term rebound effect of urban residential electricity was 74% while the short-term rebound effect was 72%. In micro levels, studies related to the rebound effect were conducted in different industrial sectors as well as households. Thanks to Lin and Long (2015), who simplified the form of cost function to a translog cost function, many studies were carried out by using this simplification, and then defined the rebound effect by calculating the demand elasticities. Lin and Tian (2016) figured out that the rebound effect of the light industry was approximately 37.7% by using dynamic ordinary least squares and seemingly unrelated regression methods. Lin and Zhao (2015) estimated that the rebound effect in the Chinese textile industry was about 20.99% by adopting the Morishima Elasticity of Substitution (MES) model combined with asymmetric energy prices and other econometric methods. Deng et al. (2018) studied the panel data for seven regions in China during the period 1997 to 2013, used the translog cost function model, measured the electricity rebound effect caused by electricity price, and finally concluded that the annual average rebound effects of Northeast China and South China were 60.39 and 81.47%, respectively. The rebound effect in the northwest region was at least 14.96%. Based on the consensus that technological progress will also cause a rebound effect, Ai et al. (2020) pointed out that there are two ways to achieve technological progress: Independent innovation and technology introduction. Then they discussed the size of the rebound effect of these two different ways in the Chinese electricity sector, using the panel data of the electricity industry in 30 provinces of China from 1997 to 2013, and finally concluded that independent innovation promotes electricity conservation more significantly than technology import. Lin and Zhu (2021) found that the direct rebound effect in Chinese residential electricity consumption was 48% or so by modeling the stochastic energy demand Frontier model, based on panel data from the period 2010–2018. Meng and Li. (2021) collected the data of China’s 30 provinces during the period of 2009–2018 and then used a stochastic Frontier model to estimate the direct electricity rebound effect, finally arguing that 24.79% of the effectiveness of the electricity-saving endeavors was achieved because the rebound effect was 75.21%. Apart from the translog cost function, Xin-gang and Pei-Ling. (2020) argued that the average RE of China’s residential electricity use was 84.94% based on the panel linear model. Under the background of energy subsidies reform, Hong et al. (2013) linked the rebound effect and energy subsidies, used the monetary input–output table, and analyzed the data collected for 2007 in China, finally arguing that without energy subsidies, people would decrease their demand of electricity by 15.82 million tce, complying with the assumption that energy subsidies facilitate the rebound effect. As mentioned above, the rebound effect should be estimated by calculating the elasticity of energy demand, numerous studies measured such an index with respect to energy price and assumed that price does not impact energy efficiency. This is unrealistic, so in the latest research, Li et al. (2019) estimated the elasticity of energy demand with respect to energy efficiency to explore whether China’s market-oriented reform increased the energy rebound effect, using data collected in China’s 30 provinces over the period of 2003–2013. Finally, they concluded that 20.4% of originally expected energy conservation from energy efficiency improvement would be offset by the rebound effect. And the magnitudes were even larger in regions with higher degrees of marketization. The western area showed the smallest rebound effect (8.3%), followed by the central area (18.6%), and the eastern area (33%).
Since the reform and opening up in 1978, the Chinese government has always aimed at promoting the orderly process of market-oriented transformation in various fields, and including the electricity market. No matter which country, the electric power industry has acted as a strong monopoly since its inception due to its characteristics. And according to economics, a monopoly would result in higher prices of products and the inefficiency of producers. So, it is significant to initiate reform in this industry. It is notable that, in 2015, the State Council clearly issued relevant documents to announce its ambition to gradually form an electricity market which is sound, and healthy. And this reform covered all aspects, so the year of 2015 can be seen as a turning point in the electricity market. With the slogan “regulating the middle, opening both ends”, the prices of electricity delivery and distribution were established by the central government, who took into account the cost and modest profit of the generators, and then decided a reasonable price. Apart from prices reform, the ways of reform also included loosening the restrictions of electricity consumption and electricity generation, permitting more kinds of entities to take part in electricity trade by inducing competition, making sure that the government can play a regulatory role in electricity trading services, and reducing the cross subsidies to restore the commodity attributes of electricity. All of these measures were carried out with the intention of making sure that the market can play a decisive role in allocating resources, and thus reduce electricity costs for users and improve the efficiency of the generators. Last year, the reform in the electricity power industry progressed forward with the action of canceling the mechanism of the coal-electricity linkage, and such a policy will benefit enterprise because of cost reduction. Logically, such preferred results will induce the rebound effect, so it encouraged us to carry out our research to figure out whether this reform has an effect on the electricity rebound effect.
All papers seemed to fail to consider the effect caused by reduction in electricity cost because of efficiency improvements, and did not analyze the influence of electricity market reform on the rebound effect. In order to explore whether there is a paradox in China, we choose the Chinese chemical industry, one of six energy-intensive sectors. Only a few chemical products were produced in China in 1949. At present, the Chinese chemical industry has surpassed the United States to become the largest producer in the whole world. Its electricity consumption surged from 49 billion KW h in 1980 to 542.738 billion KW h in 2019 to support the increase in the total value of output of the chemical industry from 32 billion to 1,198 billion between 1980 and 2019, and it is expected that China will account for 50% of the world’s total chemical production by 2030 (China Chemical News-weekly). Currently, as far as chemical production, China is ranked first and in the short term, it is still in the stage of expanding due to the fact that China is a developing country, and so it is meaningful to investigated the rebound effect in China’s chemical industry. In this paper, we only measure the rebound effect of one sector, so we use the same method as Bentzen. (2004).
There are two innovations in this paper. First, it analyzes the direct electricity rebound effect of the Chinese chemical industry for the first time combined with the reform of the electricity market. Second, due to the particularity of China’s actual situation, this paper includes the impact of the 13th Five-Year Plan into the analysis of the rebound effect. A comparative analysis of the rebound effect before and after 2015 is made in this paper for the first time.
The structure of this paper is divided into four sections. Section 1 provides a brief introduction of the rebound effect; section 2 contains a brief and intuitive overview of the model; results are shown and discussed in section 3; and section 4 summarizes the results and conclusions and provides policy implications.
2 METHODS AND VARIABLES
2.1 Translog Production Function and MES
In this study, we briefly introduce the theoretical model used to measure the rebound effect in the chemical sector. First of all, a production function may be established to address an economic issue. In general, capital and labor are placed into the function as input factors. Seeing that we aim at estimation of the rebound effect, energy as an important input factor is put into the function. A function introduced by Jorgenson (1987) including capital (K), labor (L), energy (E), and other inputs (O) is applied as the production function of the Chinese chemical industry as follows:
[image: image]
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Where [image: image] represents the output level of China’s chemical industry.
There are many kinds of production functional specifications, such as the Cobb-Douglas (CD) function, and CES function. In this paper, the reason why the translog function is selected is it is easy to estimate and is changed into the CD or CES function by limiting the value of parameters.
If f is a neoclassical production function and the prices of all inputs are given, by the Shepherd duality theorem, and the cost functions are accessed as follows:
[image: image]
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Where [image: image] denotes the total cost of the chemical industry; [image: image] is the jth input price; and [image: image] is a time trend which is conceived of as technological progress.
The factor demands and the price effects of inputs can be acquired by the first derivatives and the second derivatives of the cost function, respectively (Kim 1992). Urga (1999) claimed that technological progress is not neutral. By Shepard’s lemma, the factor demand function can be acquired by differentiating Eq. 2 with respect to input prices, that is: [image: image]
We can access the cost share equations by differentiating [image: image] with respect to [image: image] as follows:
[image: image]
There are three constraints among the parameters as follows (Guo et al., 2010):
The add constraint: [image: image]
The homogeneity constraint: [image: image]; [image: image]
The Symmetry Constraint: [image: image]
Tao et al. (2009) asserted that if the sum of [image: image] was equal to 1, one of equations could be deleted. Thus we use the same method and delete the last equation [image: image] . Bentzen. (2004) claimed that the rest of the equations can be estimated by relative prices which are obtained by adjusting the prices of capital, electricity, and labor based on the other input price. As a result, Eq. 3 is transformed into the following expression:
[image: image]
Since the same method as Bentzen (2004) to calculate the estimation of the rebound effect is used in the literature, we overview the price and substitution elasticities in terms of the estimated coefficients. Uzawa (1962) suggested that the Allen-Uzawa Elasticity of Substitution (AES) (Allen, 1938) can be achieved based on the cost share functions. The substitution may be expressed as:
[image: image]
According to the cost function, we can have
[image: image]
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The own-price elasticity of demand for the ith input factor is
[image: image]
Blackorby and Russell (1989) provided the weakness of AES. For example, it could not measure curvature or ease of substitution and provide information about relative factor shares. In all, AES does not show the substitution rate between two factors. As a result, we replace AES with MES. Morishima (1967) established the MES model to estimate the impacts of changes in price or quantity rations on relative factor shares. Compared to AES, MES removes inconsistent results from time data, and cross sectional data, respectively.
[image: image]
If [image: image], factor [image: image] is a Morishima substitute for factor [image: image]; If [image: image], factor [image: image] is a Morishima complement for factor [image: image].
2.2 The Decomposition of Electricity Price
The improved energy efficiency results in the reduction in demand for energy at the given output for a consumer, while efficiency improvements reduces the price of energy compared to other inputs. Based on the minimizing cost, the consumer would substitute energy for other inputs, and which leads to the increase in energy usage. As a result, energy saving is less than expected. The improvement in energy efficiency causes the decrease in effective price of energy and energy consumption increases due to substitution among factors. That is to say, the rebound effect is closely correlative with energy price, especially with the reduction price (Sorrel and Dimitropoulos,. 2008; Sorrel. 2009).
To accurately evaluate the electricity rebound effect of the chemical industry, the original electricity price is decomposed into three parts, and which is the same as Gately and Huntington (2002). They decomposed the log of electricity price into four components: log of energy price in 1980; the maximum historical price; cumulative reduction in the log of electricity price; and cumulative sub-maximum increases in the log of energy price.
[image: image]
Where [image: image] is the log of price in the starting year, which is 1980, [image: image] is the cumulative increases in the log of maximum historical price, [image: image] is the cumulative decreases in the log of price, and [image: image] is the cumulative sub-maximum increases in the log of price.
Because the data of electricity price in China are inaccessible and unattainable, we construct electricity price according to the marketing price of coal, electricity, and oil in 2011 from the CEIC database and energy structure including coal, electricity, and oil and so on. We convert them into standard coal.
2.3 Variables
2.3.1 Capital Stock
Estimation of capital stock is a difficult and important issue in economic analysis. A method called the perpetual inventory method (PIM) which was proposed by Goldsmith in 1951 is the most popular. There is lots of literature on exploring China’s capital stock of industry (Zhang., 1991; He, 1992; Chow., 1993; Young, 2003; Zhang., 2002; Gong and Xie, 2004 etc.). He (1992) measured productive and non-productive capital in terms of cumulative indicators. Chow (1993) evaluated China’s actual net investment based on national income accounting. Chen (2011) calculated economic indicators of every Chinese industrial sector between 1980 and 2008, including capital stock, the added value, the number of employees, and the total value of output, and so on. In this study, we expand data for the chemical industry in Chen’s paper and choose 1980 as the base year.
Before giving the result, we provide a brief introduction of the perpetual inventory method (PIM) and we assume that the relative efficiency of capital geometrically decreases over time. Based on the assumption, a depreciation rate is equivalent to a replacement rate. The estimation of capital stock is expressed as the following formula:
[image: image]
Where [image: image] and [image: image] denote capital stock; [image: image] represents a depreciation rate; [image: image] denotes a price index of investment; and [image: image] stands for a nominal investment.
(i) Investment: In general, total investment in fixed assets, newly increased fixed assets investment, and or gross fixed capital formation is often chosen as a nominal investment. In the light of the consistency of data, newly increased fixed assets investment is used as a nominal investment, like Chen (2011). The data of nominal investment are calculated by the difference of the original value of fixed assets. The data source of the original value of fixed assets is the China Statistical Yearbook.
(ii) Capital stock at the base year: There are two approaches to estimate capital stock at the base year. One is a hypothesis that the capital-output rate is 3 (Zhang 1991); the other is the value of investment divided by the sum of the growth rate and the depreciation rate to measure capital stock (Hall and Jones, 1999). Young (2003) evaluated China’s capital stock using the same approach as Hall and Jones (1999). We directly employ the capital stock in 2008 from Chen (2011) as the base year and expand it to 2019.
(iii) Depreciation rate: Yongfeng et al. (2002) reviewed and summarized the literature and drew the conclusion that depreciation rates of building, equipment, and others were 6.9, 14.9, and 12.2%, respectively. Zhang et al. (2004) summarized all depreciation rates associated with capital share and found that it should be 9.6% of Chinese industry. The same depreciation rate as Zhang et al. (2004) is chosen in this paper to make the process of calculation easy.
(iv) Price index of fixed-asset investment: These data can be easily derived from the China Statistical Yearbook.
2.3.2 Energy Consumption
We can derive the account of energy consumption from the China Statistical Yearbook and China Energy Statistical Yearbook that cover the period 1980–2019.
2.3.3 The Number of Employees
Data for the number of employees during 1980–2019 stem from the China Labor Statistical Yearbook. Due to the variation of statistical caliber, we combine the sequences of the number of employees before and after the time when the caliber was changed into a complete annual average of employee series. The specific method, which was adopted in Chen. (2011), is too complex to describe briefly. Therefore, it is omitted here.
2.3.4 The Added Value
The added value is not described by the China Statistical Yearbook after 2007. But the Statistical Bulletin of National Economic and Social Development from 2008 to 2019 shows the growth rate of the added value in every sector. As a result, the added value could be accessed. Then we employ the same method as Chen (2011) and conduct the extension.
2.3.5 Price
2.3.5.1 Electricity Price
The final energy consumption in the chemical industry consists of coal, electricity, and oil. What this paper focuses on is the electricity consumption of the Chinese chemical industry, but data for electricity prices in China are not accessible, and attainable. Accordingly, we construct the electricity price based on the electricity price in 2011 using the price index. That is to say, we use the price index based on 1980 and the electricity price in 2011 to calculate the electricity price from 1980 to 2019 according to the variation of the price index.
2.3.5.2 Labor Price
In this paper, we make use of the average wage of employees as labor price, and then adjust it in terms of the price index at the constant price for 1980. Data for labor price come from the China Labor Statistical Yearbook.
2.3.5.3 Capital Price
The price of capital is determined by depreciation rate, tax rate, interest rate, and other factors (Romer, 1999). This article employs the method from Romer to conduct the estimation about capital price of Chinese industry. The specific formula is listed as follows:
[image: image]
Where [image: image] represents the actual price of capital in the chemical industry; [image: image] denotes the market price of capital in t year. [image: image] is the expected change rate of capital market price; [image: image] represents corporation income tax; and [image: image] denotes the loan interest rate of fixed assets.
We assume that the market price of capital is equal to 1, [image: image]. Moreover, because data of corporation income tax are difficult to collect and exert no influence on capital price, we assume that [image: image] is equal to 0. According to rational expectation, the expected change rate of the capital market price is equivalent to the actual inflation rate, [image: image]. As a result, Eq. 8 is changed into the following formula:
[image: image]
The nominal interest rate is the average annual loan interest rate from CEIC and the China Financial Statistical Yearbook. There are many indicators used as the inflation rate, such as consumer price index (CPI), producer price index (PPI), GDP deflator, and index numbers of wholesale prices. We choose GDP deflator as the inflation rate because of the capital price of the industrial sector (Guo et al., 2010).
2.3.5.4 Other Intermediate Input Price
The other intermediate input is intermediate input except energy. Because electricity price has been acquired, can we also use other input price? According to the input-output table, we can obtain the input structure. Unfortunately, we still do not know the comprehensive price of every input sector. Therefore, we assume that the price is always equal to 1.
The total cost of other intermediate input can be obtained in terms of the input-output table and be expressed as:
[image: image]
Where [image: image] is electricity cost.
In sum, the input share can be listed in terms of the above analysis as follows:
[image: image]
According to the above analysis, we can calculate the value of every variable which is summarized and listed in Table 1. The share of labor share is smallest; capital share and electricity share are 0.1879 and 0.2615, respectively, and their standard deviations are 0.0877 and 0.1438, which suggests that the two variables are relatively stable. The mean of the added value is 14,800,000, and the minimum is in 1980 and maximum is in 2019.
TABLE 1 | The value of every variable.
[image: Table 1]3 RESULTS
3.1 Model Analysis
Hall (1986) pointed out that Eq. 4 is not directly estimated, for most variables have no long-run co-integration. When the translog system of equation is used, only few studies consider the problem of non-stationary variables (Christopoulos and Tsionas, 2002; Masih and Masih 1996) Hence, prior to measuring the parameters value of Eq. 4, a unit root test is implemented to examine and inspect whether variables are all stationary. The input price in Table 2 is the relative price. In other words, they are evaluated according to Eq. 4. As seen in Table 2, all variables except lnADD and lnPL are I (1) in terms of the ADF test.
TABLE 2 | Unit root test.
[image: Table 2]Because the order of all variables is not the same, Engel Granger (EG) and Johansen (JJ) co-integrated methods cannot be employed to estimate parameters of Eq. 4. A new approach, called the dynamic OLS procedure (DOLS), was proposed to derive the long-run co-integrated relationship between variables which have different and higher orders of integration (Stock and Watson 1993). Different from the EG approach and JJ approach, DOLS does not demand that all variables have the same orders of integration. By comparison of the three approaches, DOLS is appropriate and applicable. We adopt the DOLS method into Eq. 4 and get the following formula:
[image: image]
Where Δ represents the first difference.
Now we start to estimate parameters using DOLS. The results are presented in Table 3, excluding the coefficients of the leads and lags of the first order due to the number of variables.
TABLE 3 | The results of cost share equations.
[image: Table 3]As seen in Table 3, although the coefficients of lnPE and lnPL in the capital share equation are not significant, the parameters of electricity cost share equation and labor cost share equation are significant at the 5% confidence level. Especially for electricity cost share equation, which is that we care about most, all parameters are of significance at the 0.1% confidence level. That is to say, we may use the model to estimate the own-price elasticity of energy cost.
3.2 Estimation of the Rebound Effect
3.2.1 Results
To get the elasticity of effective price, we should decompose electricity price according to Eq. 6. Decomposition of electricity price is obtained from three decomposed formulas.
Based on the decomposition of electricity price, we substitute four prices into Eq. 10 for electricity price and use DOLS again to estimate the equation. The results are specified in Table 4. Because we focus on the rebound effect, the estimation of electricity cost share is listed. According to the method from Bentzen (2004), we calculate the rebound effect using the self-price elasticity of lnPcut.
TABLE 4 | The results of electricity cost share with decomposed prices.
[image: Table 4]Table 4 describes the main estimated parameters which are significant under the 5% confidence level. The rebound effect of China’s chemical industry is 811.13%, which illustrates that the electricity price is not able to accurately reflect the real cost and the supply and demand of the market under the control of China, so the rebound effect is quite large.
3.2.2 Comparative Analysis
In order to study the differences of the rebound effect in the two periods separated by the time of 2015 when the thirteenth Five-Year Plan and the reform of electricity market began, we construct a dummy variable t2015, adding it to Eq. 10. Before 2015, t2015 equals 0. When year ≥2015, t2015 equals 1. The new results of electricity cost share with decomposed prices are shown in Table 5.
TABLE 5 | The new results of electricity cost share with decomposed prices.
[image: Table 5]It can be seen from Table 5, t2015 is of significance at 0.1%, and its coefficient 0.151 is positive, which means that the cost share of electricity increases after 2015 because a series of punitive policies were adopted against the chemical industry to reduce the emission of carbon. The reform of the electricity market, aiming at improving the electricity pricing mechanism to better transfer market information, and may be another reason why the coefficient of t2015 is positive. However, the coefficient of lnPrec is not significant and lnPcut should be omitted. This may be due to China’s government pricing policy. Chinese electricity price is controlled by the government and could not reflect true costs and the supply and demand of the market. Therefore, lnPrec and lnPcut decomposed from the electricity price with stable growth are fixed values in most years, which cannot really reflect the impact of electricity price on the cost share of electricity. When calculating the rebound effect of China’s chemical industry with the coefficient of lnPcut being 0, the result is 73.85%, which is a sharp weakening compared with the result before. It means that the reform of the electricity market has achieved certain results, for electricity price began to reflect cost information to some extent, and which reduced the rebound effect to 73.85%. However, the rebound effect is still too large. There is still a lot of space for the reform to improve, and the rebound effect could be reduced further once the electricity price is adjusted to transfer market information more correctly by the reform.
The reasons why the rebound effect exists are as follows:
1) External substitution of factors.
Because technological progress decreases energy intensity or increases energy efficiency, the same products are provided with less electricity input. The improvement of energy efficiency decreases actual electricity price. Because of the existence of the substitution effect, the decrease in electricity price stimulates manufacturers to use more electricity and fewer other factor inputs. This partially reduces the electricity saving.
2) Electricity pricing mechanism in China.
The Chinese electricity price is controlled and regulated by the Chinese government and does not reflect market supply and demand. Electricity price only includes internal cost but omits external cost. Electricity price under the control of a visible hand is usually lower than the market price, which encourages consumers to consume more energy. At the same time, low electricity price and the relevant subsidy prevent producers from investing to improve energy efficiency and encourage them to buy electricity-intensive equipment to replace labor with electricity.
4 CONCLUSION AND POLICY IMPLICATIONS
This study analyzes the direct rebound effect of the Chinese chemical industry for the first time in terms of a translog cost function where the DOLS method is employed. The improved energy and electricity efficiency caused by technological progress indirectly decreases the effective electricity price and the marginal cost of energy services which reduces expected energy savings. As a result, the rebound effect is highly correlated with the electricity price elasticity. Bentzen (2004) pointed out that the size of the rebound effect is equal to the electricity-price elasticity obtained from the Morishima Elasticity of Substitution of the electricity cost share equation. The decomposition method of energy price proposed by Gately and Huntington (2002) is adopted and placed into the equation of electricity cost share.
We draw the conclusion that the rebound effect in the chemical industry is 811.13%. However, it would decrease to 73.85% between 2015 and 2019 because the reform of the electricity market was under way from 2015. That is to say, it is hard to reduce emission by improving energy efficiency because the real price of electricity would decrease a lot due to the large rebound effect, which may result in a large increase in electricity consumption. However, considering the strict regulation on the chemical industry to reduce the emission of carbon, it is possible to decrease the rebound effect by improving the reform of the electricity market further.
At present, research on the emissions trading scheme is very popular, and industrial electricity consumption is one of the important factors affecting carbon emissions. By studying the electricity rebound effect of the chemical industry, we know more about the changing relationship between electricity efficiency, electricity price, and electricity consumption, which is of great significance to the improvement of China’s national emissions trading scheme.
Based on the above analysis, we suggest the following policy implications:
1) The value of the rebound effect indicates that China’s policy designed for energy saving and emissions reduction in the chemical sector aims at improving energy efficiency by research and development and introducing the advanced technology of developed countries.
  i The government sets higher standards of energy efficiency for new factories and eliminates backward production capacity, therefore the electricity intensity will be reduced by 10% in 2025.
  ii Chemical enterprises, as the main participants for innovation, should be supported by the Chinese tax policy. Enterprises are stimulated by reducing or remitting taxes to research and develop advanced technology. Specific measures are suggested by learning from foreign experience, for example Japan and the United States.
  iii Risk funds of R&D are established by the ministry of industry and information technology to provide a loan for small and medium chemical enterprises which cannot attain a loan from a bank. Loan period and loan quota are set by the government. When enterprises repay the loan, they should be required to pay interest to the ministry. Because China’s state-owned bank is unwilling to provide loans for small and medium enterprises, the fund plays an important role in their research and development.
  iv Because there are lots of small and medium enterprises and the majority lack technical experts, the ministry actively promotes the cooperation between enterprises and universities. The government may provide financial assistance. For instance, 10–50% of R&D cost is afforded.
  v To reduce the risk of R&D and provide a market for innovative products, the Chinese government and state-owned enterprises are required to buy their products, which contributes to upgrading the chemical industrial structure and promoting technical innovation and product innovation.
2) Electricity price is another effective factor influencing the rebound effect. The improved energy efficiency and market electricity pricing mechanism are the most effective measures to save energy and reduce emissions. Unfortunately, Chinese electricity price does not reflect supply and demand because of the incomplete electricity reform. Lower electricity price encourages enterprises to overuse electricity. Besides, the recent power rationing is highly related to the difficult transmission mechanism of electricity price. Therefore, at present, a transparent and reasonable pricing mechanism needs to build, which would allow the price to go up and down in a certain range. The pricing mechanism reflects not only internal cost, but also the scarcity of resources and environmental cost. What is more, private enterprises are unwilling to enter into the electricity sector, because the electricity price would mean no benefits. A transparent and reasonable pricing mechanism can provide opportunities for them to go into electricity production. Private enterprises can ensure that the supply side of electricity is competitive to help allocate resources.
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