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Abstract

:

To present great environmental pressure from energy consumption during textile production, this paper calculates the energy footprint (EFP) of Shaoxing’s textile industry, from 2005 to 2018. Moreover, this study analyzes the relationship between Shaoxing’s textile industry energy consumption and economic development by using decoupling theory. Furthermore, the Logarithmic Mean Divisia Index decomposition method was employed to investigate the main factors that affect the EFP of Shaoxing’s textile industry. Research results show the following: (1) The growth rate of the total output value of Shaoxing’s textile industry was greater than the growth rate of the EFP, from 2005 to 2007. Thus, the decoupling state showed a weak decoupling, and EFP intensity decreased. (2) The EFP and economic growth were mainly based on the strong decoupling of Shaoxing’s textile industry from 2008 to 2015 (except for 2011), and EFP intensity declined further. (3) Economic recession in the textile industry was severe in Shaoxing, from 2016 to 2018, and the EFP also showed a downward trend. The state of decoupling appeared as a recessive decoupling (2016) and a weak negative decoupling (2017 and 2018), and EFP intensity first increased and then decreased. (4) The total effect of the factors affecting the EFP of the textile industry in Shaoxing demonstrated a pulling trend, and industrial scale played a significant role in driving the EFP. The energy consumption intensity effect contributed the largest restraint. This paper fills in the gaps in the environmental regulation means and methods of pillar industrial clusters in specific regions.
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1. Introduction


The relationship between economic growth and environmental pressure has been vividly discussed [1,2,3]. Excessive greenhouse gas emissions have caused serious environmental problems, such as global warming, melting glaciers and rising sea levels. Excessive energy consumption is the cause of such problems. Approximately 63% of the gaseous radiative force that contributes to climate change is carbon [4]. To reduce energy consumption in the textile industry in China, the industry must explore energy-saving technologies and energy-efficient assessment methods [5,6,7]. China is the world’s largest textile product manufacturer and exporter. The textile industry is a traditional pillar industry in China, an important civilian production industry and an industry that creates new international advantages [8,9,10]. China’s cotton textile spindles account for half the world’s total, while China’s textile trade volume accounts for one third of the world’s total [8]. However, it is a high-energy, high-emissions and high-pollution industry and one of the largest sources of greenhouse gas emissions [11,12]. The energy consumed by the textile industry is approximately 4.3% of China’s total energy consumption in the manufacturing industries [13]. This makes the textile industry one of the biggest pollution emitters in China. China’s Textile Industry 13th (2016–2020) Five-Year Plan highlights low-carbon development as a major strategy for economic and social development, and it is also an important way to construct an ecological civilization [14].



Shaoxing is the largest textile printing and dyeing base in the world, and its output in printing and dyeing cloths ranks first in China. Shaoxing built the China International Textile City, which is the world’s largest printing and dyeing cloth trading center. In 2018, the printed fabrics output of printing and dyeing enterprises above a designated size was 16.4 billion meters in Shaoxing, thereby accounting for 56.71% of the total output of printed fabrics in Zhejiang Province and approximately one-third of the total output of printed fabrics in China [15]. The total industrial output value (TIOV) of textile enterprises above a designated size is USD 22.05 billion, accounting for 29.13% of Shaoxing’s industrial output value [15]. The textile industry has made important contributions to the economic and social development of Shaoxing. However, the energy consumption of Shaoxing’s textile industry in 2018 was 6.16 million tons of standard coal, thereby accounting for 36.91% of the city’s industrial energy consumption [15]. The energy consumption ratio was greater than the actual output value ratio, and the unit energy output value was lower than the city’s industrial average. The textile industry is a pillar industry and a typical high-pollution industry in Shaoxing. Implementing an economic energy-saving and consumption reduction model is an inevitable trend and a strategic choice in the economic development of Shaoxing’s textile industry. Studying the changing rules and influencing factors of the energy footprint (EFP) of the textile industry in Shaoxing can determine the effects, experiences and deficiencies of the transformation and upgrade of typical industries and environmental regulations in different regions. Moreover, such an investigation can provide feasible countermeasures and suggestions for the high-quality development of the textile industry.



Wackernagel et al. [16] defined EFP as the forest area needed to absorb CO2 generated by the burning of fossil energy, buffer nuclear radiation and build hydropower dams. Palamutcu [17] believed that EFP is one way to measure energy consumption. The EFP indicator, which links the production and consumption activities of the global economy with energy consumption, plays an important role in the study of sustainable development approaches [18]. EFP, as an indicator of energy production and consumption, can effectively characterize the direct and indirect energy sources required to supply end-consumer goods or services. In addition, it can provide quantitative and decision-making bases for policymakers to improve energy efficiency and optimize energy structure. Numerous scholars have studied issues related to EFP. Chen et al. [19] indicated that using the EFP index to quantify energy consumption can provide an important basis for measuring energy sustainability. Ozturk [20] estimated the energy consumption and energy costs of the Turkish textile sector and analyzed the relationship between energy use and textile product production. Hong et al. [21] studied the energy conservation status of the textile industry in Taiwan and China and provided a benchmark for measuring energy efficiency. Meanwhile, Guo et al. [22] used EFP to examine the embodied and direct energy links between global and Chinese construction industries. Previous research has also used different methods to estimate EFP based on global [23,24], national [25,26], local [27,28], industrial [29,30] and product [31,32] perspectives. Methods used include ecological footprint analysis [33], input-output analysis [34] and lifecycle assessment [35]. Studies have also measured EFP in national and global hectares, as well as in energy/functional units [36,37].



To explore the pressure of the textile industry’s energy consumption reduction on the environment, this study analyzes the relationship between the energy consumption and economic growth of the Shaoxing’s textile industry, based on its energy consumption data and economic development from 2005 to 2018. This study also determines the main factors affecting the relationship and provides relevant suggestions for energy-saving and emissions-reduction paths and measures the sustainable development of the Shaoxing region and textile industry. This paper fills in the gaps in the environmental regulation means and methods of pillar industrial clusters in specific regions.




2. Methods and Data Sources


2.1. EFP


EFP is an important method for measuring energy consumption. In this study, we measured EFP in units of energy and followed the definition of demand for nonrenewable energy resources. The EFP of the textile industry can be expressed as follows:


  E F P = ∑  E j   f j  ,  



(1)







In Equation (1),   E F P   is the EFP;    E j    represents the consumption amount of energy j; and    f j    is conversion factor from physical units to coal equivalent of energy j.



EFP intensity (EFPI) is an indicator that measures changes in energy efficiency, which is expressed as follows:


  E F P I =   E F P   T I O V   ,  



(2)







In Equation (2),   E F P I   is the EFPI, and   T I O V   is the TIOV of textile enterprises above a designated size (billion USD).




2.2. Tapio Decoupling Indicator


Elastic analysis mainly uses elasticity to measure the degree of decoupling. Tapio improved and refined the decoupling model [38]. Decoupling is a term that refers to the status when the relationship between energy consumption and economic growth begins to break up [39]. Decoupling can be further divided into two/three/six/eight subcategories [38], and all were used in earlier studies [9,40,41,42]. Compared with other methods, the 8-min state classification method is more detailed and helpful for the analysis of the study. The present study analyzed the decoupling of Shaoxing’s economic development and energy consumption from 2005 to 2018, based on the Tapio decoupling model, and the results were expressed by decoupling elasticity. In this regard, the decoupling function can be expressed as Equation (3):


  E =   % Δ E F P   % Δ T I O V   ,  



(3)







In Equation (3),  E  is the decoupling elasticity index of the TIOV. Moreover,   % Δ E F P   is the EFP change rate in the textile industry, and   % Δ T I O V   is the TIOV change rate in the textile industry. Owing to the different values of   % Δ E F P  ,   % Δ T I O V   and  E , decoupling states can be divided into eight categories, based on Tapio’s elastic division. According to the order of the ideal degree of decoupling from large to small, the categories are strong, weak, recessive decoupling, expansive, recessive coupling, expansive negative, weak negative and strong negative decoupling. Strong decoupling is the most ideal state, whereas strong negative decoupling is the least ideal state. The decoupling state was determined according to the decoupling elasticity index  E , and the specific division method can be seen in Table 1.




2.3. Logarithmic Mean Divisia Index (LMDI) Decomposition Model


The LMDI decomposition method was proposed by Ang et al. [43]. It can give a reasonable factor decomposition and has the advantage of the absence of residual and full decomposition, thereby making a model appear convincing. The LMDI factor decomposition method is mainly used to analyze the influencing factors of the total amount of economic and social indicators, such as energy consumption and pollutant emissions. In addition, it is used to determine the contribution of different influencing factors to changes in the total amount of indicators. In recent years, the LMDI has been widely applied, as well as continuously developed and optimized [9,44]. In the present study, LMDI was used to decompose the EFP of Shaoxing’s textile industry. The specific formula of the decomposition model is shown in Equation (4), and the meanings of the variables are shown in Table 2.


  E F P = ∑  E  i j   = ∑ T I O V   T I O  V i    T I O V      E i    T I O  V i       E  i j      E i    = T I O V ·  I i  ·  T i  ·  S  i j   ,  



(4)






      Δ E F P = E F  P t  − E F  P 0  =  ∑  T I O  V t   I i t   T i t   S  i j  t  −  ∑  T I O  V 0   I i 0   T i 0   S  i j  t        = Δ E F  P  T I O V   + Δ E F  P I  + Δ E F  P T  + Δ E F  P S  ,      



(5)




where   E F  P t    is the EFP of Shaoxing’s textile industry in year t, and   E F  P 0    is the EFP of Shaoxing’s textile industry in base year 0. The EFP expression formula for changes in the EFP of Shaoxing’s textile industry yearly, according to an additional LMDI decomposition model, is shown in Equation (5).



In Formula (5),   Δ E F  P  T I O V     represents the scale effect of the textile industry,   Δ E F  P I    is the industrial structure effect,   Δ E F  P T    denotes the energy consumption intensity effect and   Δ E F  P S    is the energy structure effect. The contribution values of each factor to the EFP changes of the textile industry are   Δ E F  P  T I O V    ,    Δ E F  P I   ,    Δ E F  P T    and   Δ E F  P S   . The expressions of the contribution of each decomposition factor are as follows:


  Δ E F  P  T I O V   =  ∑     E  i j  t  −  E  i j  0    l n  E  i j  t  − l n  E  i j  0    l n   T I O  V t    T I O  V 0     



(6)






  Δ E F  P I  =  ∑     E  i j  t  −  E  i j  0    l n  E  i j  t  − l n  E  i j  0    l n    I i t     I i 0     



(7)






  Δ E F  P T  =  ∑     E  i j  t  −  E  i j  0    l n  E  i j  t  − l n  E  i j  0    l n    T i t     T i 0     



(8)






  Δ E F  P S  =  ∑     E  i j  t  −  E  i j  0    l n  E  i j  t  − l n  E  i j  0    l n    S  i j  t     S  i j  0     



(9)








2.4. Data Sources and Processing


China’s textile industry is classified under three subsectors: manufacturers of textiles (MT); manufacturers of textile apparel, footwear and caps (MTAFC); and manufacturers of chemical fibers (MCF). The TIOV and energy consumption data of enterprises above a designated size in Shaoxing’s textile industry and subindustries were derived from the 2006–2019 Shaoxing statistical yearbook. The    f j    data were obtained from the 2018 China energy statistical yearbook. Owing to inflation and other factors that influence constantly changing prices in economic development, the gross product of Shaoxing’s textile industry was compared with its energy consumption, which was calculated by the TIOV comparable price, and 2005 was used as the base period. Nomenclature comparison table is in Appendix A.





3. Results and Discussion


3.1. Descriptive Analysis and Discussion


Figure 1 shows the EFP change trends and TIOV of Shaoxing’s textile industry and subsectors from 2005 to 2018. In addition, Figure 1 shows that, from 2005 to 2018, Shaoxing’s EFP demonstrated a rising and then a declining trend, which can be divided into two stages, namely the rising stage and the declining stage. The rising period was from 2005 to 2007, with an average annual growth of 4.4%. In 2007, the EFP reached the highest value of 2.11 Mt, whereas 2008–2018 was the declining period, with an average annual decline of 7.19%. In 2018, the lowest EFP was 0.45 Mt. In Figure 1, the TIOV change trends of the textile industry are also divided into two stages, namely the rising stage and the falling stage. The rising stage was from 2005 to 2015, with an average annual growth rate of 9.1%. The maximum TIOV was USD 46.97 billion in 2015. During the declining period, the annual average decline rate was 19.2% (2016–2018), in which the lowest TIOV was USD 22.01 billion in 2018.



The EFPI of Shaoxing’s textile industry and subsectors from 2005 to 2018 is shown in Figure 2. In the sample period, the total EFPI of the textile industry showed a downward trend. The EFPI of the MT and MTAFC subindustries demonstrated a downward trend. Specifically, the downward trend of the MT subindustry was significant, with a decrease rate of 82.65% (2005–2016). The EFPI of the MT subindustry decreased from 0.114 (2005) to 0.020 (2016), whereas the EFPI of the MTAFC subindustry experienced a relatively small decline, from 0.00121 (2005) to 0.00022 (2018). In the MCF subindustry, EFPI first slowly declined to 0.00603 (2005–2010) and then rose to 0.01055 (2011–2018).



The decoupling state between the TIOV and EFP of Shaoxing is shown in Table 3. For 13 years, from 2006 to 2018, the overall decoupling state was satisfactory. During the steady rise of the TIOV, the EFP showed a downward trend. In 10 years, from 2006 to 2015, three years of weak decoupling (2006, 2007 and 2011) was followed by seven years of strong decoupling (2008–2010 and 2012–2015). The 2016 decoupling index was 4.39, thereby indicating a recessive decoupling. In 2017 and 2018, the TIOV declined, with decline rates of 27% and 26%, respectively. Thus, the decoupling state for both years was a weak negative decoupling.



The EFP decline in Shaoxing and the increase in energy-use intensity are inseparable from the intensity of environmental protection in China and Shaoxing. The sample period can be divided into three periods, according to Figure 1 and Figure 2 and Table 3.



The first period (2005–2007): In the years after China’s accession to the World Trade Organization in 2001, Shaoxing mainly focused on the rapid development of the textile industry. Shaoxing, as a globally important textile printing and dyeing product production base, was driven by international and Chinese domestic demands. As a result of the increase in production, international trade in textile products was prosperous and TIOV increased. However, the production and supply of products consumed considerable energy, thereby leading to serious environmental pollution problems. The amount of energy consumed per output value unit (EFPI) decreased, which meant that the increase in the TIOV was greater than the increase in the EFP, and energy efficiency improved. Therefore, the decoupling state at this period was a weak decoupling. Thus, the coupling relationship between energy consumption and economic growth was not completely broken.



The second period (2008–2015): After energy consumption caused environmental pollution, China vigorously promoted the construction of an ecological civilization. Furthermore, various parties in society adopted numerous options and measures, including implementing environmental regulations, adopting market-based trading methods and conducting technological innovations. Entrepreneurs’ self-environmental and public environmental awareness also improved. Firstly, environmental regulations were created during the period, specifically, in the textile industry of Zhejiang Province and Shaoxing Municipality, including laws, regulations [45,46], notices, industry standards and pollution permits. Secondly, market-oriented means were developed through the implementation of emissions trading systems, pollution fees and emissions taxes. Such measures could effectively control energy consumption and total emissions to reduce pollution emissions. Thirdly, regarding the technological innovation of textile enterprises, pressure on environmental protection forced the technological transformation of enterprises. At the same time, the government provided subsidies for technological transformation, thereby effectively improving the technological efficiency of the textile industry. Fourthly, entrepreneurs’ awareness of environmental protection and social responsibility was enhanced, investment in environmental protection increased and the ‘changing coal into natural gas’ [47] cooperation was consciously implemented to reduce carbon emissions; the natural gas is a secondary energy source. Such factors led to the strong decoupling of energy consumption from economic growth during this period. Whilst TIOV increased, energy consumption decreased, and EFPI decreased further.



The third period (2016–2018): In January 2016, Shaoxing implemented ‘Challenging by Showing Sword’ to promote the upgrade of the textile printing and dyeing industry. ‘Challenging by Showing Sword’ referred to the centralized rectification of textile printing and dyeing enterprises that generated large amounts of pollution and had hidden safety hazards and chaotic management. Specifically, this operation involved the rectification of several textile printing and dyeing enterprises with low production capacities, small scales and unregulated pollution discharges. Enterprises affected the image, product quality and price order of the textile printing and dyeing industry in Shaoxing and restricted the overall improvement and development of the printing and dyeing industry to a certain extent. During this operation, the production of an initial batch of 74 textile printing and dyeing companies was suspended, owing to rectification, including 10 in the Paojiang Industrial Park and 64 in the Keqiao Industrial Park. EFPI showed an increasing and then decreasing trend. Energy consumption and environmental pollution problems were effectively controlled during this second period, but a hysteresis effect was generated, thereby creating a situation in which the TIOV no longer increased but declined sharply. Therefore, the states of decoupling during this period did not seem ideal, that is, a recessive decoupling, a weak negative decoupling and a weak negative decoupling. The reason for the less-than-ideal situations was that, after enterprises dispersed from the relocation to the Shaoxing Binhai Industrial Park, several enterprises with low-end production capacities were shut down, especially those with poor product quality, large energy consumption, large chemical consumption and weak production capacities. In the industrial agglomeration zone, textile printing and dyeing enterprises uniformly managed and discharged sewage and implemented strict emissions standards. Thus, enterprises considerably improved in terms of management, innovation, equipment, technology, environment, entrepreneurship and labor quality. The core competitiveness and industry voice of textile printing and dyeing enterprises in Shaoxing were also strengthened.




3.2. LMDI Decomposition Analysis and Discussion


The EFP of Shaoxing’s textile industry in 2006 and 2018 was decomposed by the LMDI factor decomposition method. The factor decomposition trend is shown in Figure 3. The four main factors included the industrial scale effect, the industrial structure effect, the energy consumption intensity effect and the energy structure effect. In addition, total effect was calculated. From 2006 to 2018, the total EFP effect of the textile industry showed a pulling trend. However, the pulling range dropped in waves, with a maximum pulling effect of 1.57 Mt (2007) and a minimum of 0.12 Mt (2018). Among the four factors, the cumulative effect of the industrial scale was a positive factor, which exerted the largest pulling effect on the EFP. The cumulative pulling effect was 37.61 Mt during the sample period, which was higher than the total inhibitory effect of the other three factors (i.e., 25.60 Mt). Thus, the total effect was positive. From 2006 to 2015, the scale effect of the industry increased and then decreased sharply in the next three years, thereby creating an inverted ‘U’ shape, with a peak value of 4.50 Mt (2015). The energy consumption intensity effect provided the maximum inhibitory effect, thereby offsetting the industrial scale pull effect, with a total offset of 20.80 Mt. The effect of energy consumption intensity decreased from 2006 to 2014 then increased yearly, thereby pulling EFP growth in 2006 and 2018 and creating a ‘U’ shape, with a lowest point of −3.05 Mt (2014). The effect of industrial structure and energy structure on EFP was small, with a cumulative inhibition of 4.80 Mt. After 2011, the energy structure effect increased, showed a pull effect from 2011 to 2014 and then declined after 2014, thereby demonstrating an inhibition effect. The industrial structure effects were inhibitory effects during the sample period (except for 2009), and the inhibitory effect was enhanced after 2011, with a cumulative inhibition of 2.95 Mt.



From the perspective of the influencing factors of the relationship between EFP and economic growth, the cumulative effect of industrial scale factors had the largest pulling effect on EFP. The MT sector made up the largest proportion of the textile subsectors of Shaoxing. Compared with the other two subsectors, the MT sector is a typical high energy-consuming sector and the most energy-consuming and polluting sector in the printing and dyeing industry. A large EFP is generated during dyeing, printing and finishing processes. Printing and dyeing subsectors have a large base and high energy consumption in the MT sector, and the potential for energy conservation, consumption reduction and emissions reduction is relatively small. In this investigation, we found that most of the printing and dyeing enterprises in Shaoxing were mainly based on sample processing. Moreover, most followed imitations in terms of process technology, variety development and management, with few independent brands and poor R&D and innovation capabilities. The online parameter detection and online control technology of dyeing and finishing equipment, as well as the development and manufacturing accuracy of new equipment and supporting parts, energy saving and environmental protection, lag behind advanced global levels. Therefore, optimizing the printing and dyeing process and improving industrial efficiency are urgent for the Shaoxing’s textile industry to achieve high-quality development.



The energy structure effect is a crucial factor that restrains the growth of energy consumption. Figure 4 shows the energy structure of the textile industry in Shaoxing from 2005 to 2018. Figure 4 indicates that raw coal, heat and electricity are the main sources of energy consumption in Shaoxing’s textile industry. With the Shaoxing government’s introduction of the ‘changing coal into natural gas’ policy and textile enterprises’ updating of advanced technology and equipment, the use of electricity and heat increased significantly from 2005 to 2018, and the growth rate of heat was greater than that of electricity. Raw coal that produced a considerable amount of pollution decreased significantly during the sample period. Natural gas is the cleanest fossil fuel, with relatively low carbon intensity than coal in most end uses [48,49]. Heat produced by natural gas is a clean energy source that create CO2 emissions less than raw coal in Shaoxing’s textile industry [49]. In general, clean energy accounted for an increasing proportion of the energy structure of the Shaoxing’s textile industry. Furthermore, the consumption of electricity and heat continued to cause EFP consumption indirectly. Therefore, Shaoxing should further optimize energy structure and gradually increase the proportion of clean energy. Such optimization includes increasing the proportion of secondary energy converted from clean energy, which in turn will increase the significance of the energy conservation and environmental protection effect.





4. Conclusions


Energy consumption is a significant factor that affects the sustainable development of Shaoxing’s textile industry. A detailed analysis of energy consumption in Shaoxing’s textile industry can provide essential information for the establishment of energy policies. This study calculates the EFP of the textile industry in Shaoxing, from 2005 to 2018, and analyzes the relationship between the energy consumption and economic growth in the textile industry, as well as the four factors affecting the EFP. This study presents the following results:



(1) From 2005 to 2018, the EFP of Shaoxing first increased then decreased, with an average annual growth rate of 4.4% during the growth period (2005–2007) and an average annual decline of 7.19% during the decline period (2008–2018). The EFPI decline trend of the textile industry and MT subsector was roughly the same, with the decline trend of the MT subsector as the largest among the three subsectors. However, the change trends of the MTAFC and MCF subsectors were not obvious. Shaoxing’s textile enterprises should accelerate the development and production of ecological and functional textiles and promote environmentally friendly, energy-saving and clean production printing and dyeing technologies. Innovation funds should be set up by Shaoxing’s government and social investors, to alleviate pressure in the capital of small- and medium-sized enterprises



(2) For 13 years, from 2006 to 2018, the overall decoupling state was satisfactory. In the 10 years from 2006 to 2015, three years of weak decoupling and was followed by seven years of strong decoupling. In 2016, the state was a recessive decoupling. In 2017 and 2018, TIOV declined, and both years showed a weak negative decoupling. Energy consumption restriction policies and the popularization of energy-saving technologies promote the decoupling of energy consumption from economic growth, diminishing the gap between promoting factors and inhibiting factors. Shaoxing’s government should eliminate obsolete process equipment and shut down/close printing and dying enterprises that consume considerable amounts of energy and generate high pollution, as well as wastewater treatment facilities that cannot meet requirements.



(3) The total energy footprint effect of the textile industry showed a pulling trend from 2006 to 2018 but dropped in waves. The cumulative effect of the industrial scale was a positive factor, which played a significant role in driving the EFP. Technological innovation and cutting-edge technology applications in the textile industry of Shaoxing are necessary in order to to reduce the energy consumption. These will also improve the industrial productivity. The cumulative effects of the other three factors were negative, and the sum of the inhibitory effect was smaller than that of the industrial scale effect, among which the effect of energy consumption intensity contributed the largest inhibitory effect. Environmental policies and laws should be strengthened to reduce the proportion of the energy intensive sector and promote high value-added textile products manufacturing with less energy intensity.



Both TIOV and EFP had been rapidly decreasing for Shaoxing’s textile industry after 2015. Consequently, structural unemployment appeared, so many skilled textile workers were laid off. Supply and demand of textile products may be unbalanced in the future. Such problems should be further discussed in the future studies.
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Table A1. Nomenclature comparison table.






Table A1. Nomenclature comparison table.





	Abbreviation
	Detailed Name





	EFP
	Energy footprint



	EFPI
	Energy footprint intensity



	TIOV
	Total industrial output value



	LMDI
	Logarithmic mean Divisia index



	MT
	Manufacturer of textiles



	MTAFC
	Manufacturer of textile apparel, footwear and caps



	MCF
	Manufacturer of chemical fibers
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Figure 1. EFP of Shaoxing’s textile industry and the subsectors and TIOV of Shaoxing’s textile industry during 2005–2018. 
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Figure 2. EFPI of Shaoxing’s textile industry and the subsectors during 2005–2018. 
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Figure 3. EFP effect decomposition of Shaoxing’s textile industry during 2006–2018. 
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Figure 4. The energy structure of Shaoxing’s textile industry during 2005–2018. 
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Table 1. Tapio decoupling model division method.






Table 1. Tapio decoupling model division method.





	Decoupling State
	   % Δ E F P   
	   % Δ T I O V   
	  E  





	Strong decoupling
	−
	+
	(−∞, 0)



	Weak decoupling
	+
	+
	(0, 0.8)



	Recessive decoupling
	−
	−
	(1.2, +∞)



	Expansive coupling
	+
	+
	(0.8, 1.2)



	Recessive coupling
	−
	−
	(0.8, 1.2)



	Expansive negative decoupling
	+
	+
	(1.2, +∞)



	Weak negative decoupling
	−
	−
	(0, 0.8)



	Strong negative decoupling
	+
	−
	(−∞, 0)
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Table 2. Meanings of the decomposition analysis model variables.
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	Variable
	Meaning
	Variable
	Meaning





	    E  i j     
	the consumption amount of energy j in the subsector i
	    I i    
	TIOV proportion of subsector i in textile industry, i.e., the industry structure factor



	   T I O  V i    
	the TIOV of subsector i
	    T i    
	The energy intensity of subsector i



	    E i    
	the total energy consumption in the subsector i
	    S  i j     
	The ratio of energy j consumption in subsector i to total energy consumption in the industry, i.e., the energy structure factor
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Table 3. Decoupling state between TIOV and EFP of Shaoxing.
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	Year
	   % Δ E F P   
	   % Δ T I O V   
	  E  
	Decoupling State





	2006
	0.08
	0.17
	0.45
	Weak decoupling



	2007
	0.01
	0.26
	0.02
	Weak decoupling



	2008
	−0.25
	0.16
	−1.55
	Strong decoupling



	2009
	−0.03
	0.03
	−0.95
	Strong decoupling



	2010
	−0.01
	0.20
	−0.03
	Strong decoupling



	2011
	0.02
	0.17
	0.09
	Weak decoupling



	2012
	−0.02
	0.12
	−0.15
	Strong decoupling



	2013
	−0.02
	0.08
	−0.23
	Strong decoupling



	2014
	−0.07
	0.02
	−3.55
	Strong decoupling



	2015
	0.005
	0.04
	0.12
	Strong decoupling



	2016
	−0.33
	−0.08
	4.39
	Recessive decoupling



	2017
	−0.02
	−0.27
	0.07
	Weak negative decoupling



	2018
	−0.04
	−0.26
	0.14
	Weak negative decoupling
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