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low-carbon economy? Evidence from China 2 
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Institution: School of Economics and Management, Harbin Engineering University, Heilongjiang, 4 

150001, China 5 

Abstract: Stimulating renewable energy consumption has become a major strategic choice for China to 6 

both fulfill the international commitment to reduce carbon emissions and realize the high-quality 7 

growth of the domestic economy. On account of the provincial data during the period of 2000 to 2017, 8 

we creatively incorporate the ecological footprint into the measurement of low-carbon economy 9 

development level through super-efficient SBM model, so as to infer the coordinated development 10 

level of 3E system more precisely. Based on factor substitution effect, energy path dependence effect 11 

and scale effect, the complex nonlinear relationship between the two core research objects is further 12 

probed by constructing the threshold regressive model. On the foundation of heoretical research, the 13 

consumption of renewable energy, the intensity of energy use and the level of regional economic 14 

development are respectively selected as the moderating variables of the model. Further, we divide 15 

different intervals of threshold values to distinguish the differences in the effects caused by regional 16 

heterogeneity. The following conclusions are drawed ultimately: There is an apparent threshold effect 17 

between the renewables consumption and the advancement of low-carbon economy. Only when the 18 

renewable itself reaches a higher level of consumption, can it show a significant advantage in green 19 

economic development. In addition, to make full use of the renewable resources to boost low-carbon 20 

and green economy, it is necessary to reduce the economy's dependence on energy, that is, to decrease 21 

the intensity of energy use, while maintaining the process of improving coordination of regional 22 

economy. 23 
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1. Introduction 27 

With the intensified contradiction between economic growth and ecological preservation, 28 

the green economy has attracted more and more attention from various countries (regions). The 29 

idea of "low carbon economy" (LC economy), which is closely linked with technological 30 

innovation and energy transition, was first introduced in the "Energy White Paper" 31 

promulgated by the United Kingdom in 2003. Guided by the practice of sustainable 32 

development, it contains an economic development model that aims to achieve mutual benefit 33 

and win-win outcome on the both side of economy and ecology with minimum consumption of 34 

dirty energy (coal, oil, etc.) and greenhouse gases. Featured with low energy u and less 35 

pollution, the development pattern of LC economy is not merely a major innovation for social 36 

progress, but also a critical social reform to carry forward a series of technologies in 37 

energy-saving and pollution control. 38 

Currently, the global energy consumption, which is typified by fossil fuels, has caused a 39 

whole set of energy issues and environment problems, including ozone layer destruction, 40 

greenhouse gas emissions, etc. (Zhu et al. 2020). To varying degrees, countries in the world are 41 

faced with a common practical problem -- ecological deterioration and serious environmental 42 

pollution, among which China's predicament is more prominent. In the context of the 43 

accelerated pace of worldwide industrialization and urbanization, the global energy 44 

consumption, especially the expense of traditional fossil energy, is expanding year by year, 45 

which further leads to the continuous rise of total carbon dioxide emissions (Yang et al. 2021). 46 

According to the IEA (International Energy Agency), the emissions of green gases related to 47 

energy use have reached unprecedented levels. Fatally, the utilization of energy resources and 48 



the emissions of carbon dioxide have risen by a third in 2020 and are set to double by 2050. The 49 

large amount of high energy consumption dominated by fossil fuels and the sharp increase of 50 

carbon dioxide emissions have brought severe challenges to sustainable economic growth, 51 

resulting in the energy structure adjustment being a vital issue of concern to all countries (Wang 52 

et al. 2020). The European Parliament has set the target of raising the share of clean power in 53 

the total energy use of the EU to 35% by 2030. And as the largest developing country, China 54 

also demands to enlarge the percentage of non-fossil fuels to twenty persents by the year of 55 

2030. At present, realizing the transformation of energy consumption structure has become one 56 

of the momentous development strategies of all countries, during when the topic of global clean 57 

energy governance has also been regarded as a pivotal academic research since the 21st century 58 

(Zhu 2020; Xu 2020). At the 75th session of the United Nations General Assembly in 59 

September 2020, Chinese President Xi stressed increasing China's outstanding contribution in 60 

adopting more forceful policy measures to peak the CO2 discharge by 2030 and determined to 61 

surpass es carbon neutrality until 2060. Notably, the speech has been one of the most 62 

considerable climate commitments yet made by the world. 63 

However, on account of the significant diversities in the industrial structure, resource 64 

endowment and technological level among different regions in China, there remains striking 65 

discrepancies in energy consumption structure and economic development among various 66 

regions (Xiao 2019). Whether it is scientific and appropriate to blindly set uniform standards 67 

for clean fuels or renewable energy still remains discussing. On this basis, this research argues 68 

that when discussing the impact of the renewables utilization on the LC economy, instead of 69 

simply studying a linear impact between the two, it is of vital significance to comprehensively 70 



consider the regional heterogeneity factors to explore whether the consumption of the 71 

renewable sources can contribute to the green development. Furthermore, does the magnitude 72 

or the effect of the influence differ from region to region? If so, what is the determining factors 73 

behind it? The specific detection of these doubts may well contain the practical implication of 74 

reshaping the industrial structure and adjusting the proportion of energy for China's future, thus 75 

realizing the high-quality economy advance with minimal environmental loss. 76 

2. Literature review 77 

Energy, as an important production factor, is included in the production function model 78 

along with capital, labor and other factors (Ma et al. 2018). It is imperative to boost the green 79 

transition of the whole social and economic production in that both the finiteness and hazards of 80 

fossil energy are becoming an increasingly serious problem worldwide, and energy security 81 

issues such as the bottleneck of crude oil supply have become prominent(Qi and Li 2018). 82 

Scholars have started studying the correlation between the energy structure and economy 83 

development, attaching increasing importance to the positive externality of adjusting energy 84 

consumption structure. Nevertheless, due to the diversity in sample selection, empirical 85 

methods and research objects, there are striking differences in the research findings. On the one 86 

side, some scholars apply renewable energy to the production function and regard it as a 87 

production factor, discovering that traditional highly polluting energy can be replaced by clean 88 

energy to some extent, which is conducive to energy diversification and energy diversification 89 

and climate mitigation, thus promoting economic growth together with other production factors. 90 

Taking OECD countries as research samples, Inglesi-Lotz (2015) proposed that the utilization 91 

of the renewables can significantly advance sustainable economy, which was also verified by 92 



Armeanu et al. (2017) through empirical models of 28 countries in Europe. Similarly, by means 93 

of ARDL method and the sample of G-7 countries, Cai et al. (2018) proved the favorable 94 

influence of energy consumption transition on economy increase as well. 95 

On the other hand, some scholars hold the point that in comparison with polluting energy 96 

sources, the present evolution of the renewable sources produce neither the technological 97 

superiority nor cost advantages. At this stage, the progress of the renewables is primarily 98 

actuated by government policies, which hides a certain opportunity cost, causes quite a few 99 

economic losses and goes against the productivity improvement (Qi 2018). Based on the 100 

empirical test of ADLM, Ocal and Aslan (2013) explored the causality between the renewables 101 

use and economic increase in Turkey, and the findings showed that renewable energy 102 

consumption in not beneficial to the economy. Moreover, other scholars have suggested that 103 

renewable energy consumption may not have evident impact on productivity as expected. 104 

Applying panel data in Brazil and Malaysia during the period from 1971 to 2011, Destek (2016) 105 

found that there is no obvious linkage between renewable energy utilization and economy 106 

advance; Combined with the data of the United States from 1949 to 2006, Bowden and 107 

Payne(2010) found that it appears no necessary correlation in the spending of clean energy in 108 

business and industry either, after conducting empirical tests on the sub-industrial sectors. 109 

Furthermore, for the past few years, some researchers have discovered the regional 110 

variation in the effect of the renewables utilization on economy development. By carrying out 111 

the data analysis concerning economic gain and energy consumption structure of G20 countries, 112 

Sikder et al. (2019) pointed out that the renewables do not have the same impact on economic 113 

output in various countries. For example, in countries such as the United States, Italy and 114 



Argentina, the consumption of renewable energy can powerfully impel economy growth; And 115 

similarly, by comparing the linkage between the renewables and productivity in both developed 116 

and developing countries, Omri et al. (2015) put forward that in advance countries such as 117 

Netherlands and Japan, there is a one-way causal correlation between renewable sources 118 

utilization and economy gain. 119 

Current studies related to the renewable use and economic development authentically 120 

provide the theoretical basis for this paper. However, there remains some room for 121 

improvement in the previous literature. For one thing, the above literatures mainly studied the 122 

influence of the renewables on economic development and regional differences by means of 123 

linear methods and grouping methods. But in fact, since the application of the non-fossil fuels 124 

affects economy advance through a variety of mechanisms, there is probably a nonlinear 125 

correlation between the two. Hence, the inaccuracy of traditional linear methods may well lead 126 

to inconsistency of conclusions; For another thing, the most serious exposure problem of 127 

grouping method is that grouping criteria are determined arbitrarily rather than inferred through 128 

mathematical statistics, so it is impossible to test the significance of the difference of regression 129 

results of different samples, thus leading to the vulnerability and unavailability of model 130 

estimations which are easily challenged. 131 

Consequently, as a supplement to the available literatures, this study endeavors to explore 132 

nonlinear threshold effects of renewable energy consumption on green economy of 30 regions 133 

in China. Based on this, we may have the following three marginal contributions. Firstly, the 134 

panel threshold test method is exploratively introduced into the analysis of the non-linear 135 

influence of the renewables on total factor productivity, and various factors leading to the 136 



existence of non-linear impact are accurately identified; Secondly, the mechanism of each 137 

threshold variable is deeply analyzed, and effects such as the factor substitution effect of the 138 

renewables, the path dependence effect of energy use and the technological base effect of 139 

economy on the increase of the clean energy consumption are further proposed; Thirdly, in 140 

terms of economic significance and classical literature, the measurement index of each factor of 141 

production in the production function has been comprehensively improved. Among them, the 142 

contribution of ecological footprint to economic growth has been creatively valued, and thus 143 

the level of regional low-carbon economic development can be accurately estimated. 144 

3. Theoretical analysis 145 

As the major features of the transition of economy mode, the allocation structure 146 

adjustment of the three basic elements of capital, labor and energy plays a fundamental role on 147 

economy advance (Liu et al. 2018). In the context of "restructuring for transformation", it is 148 

increasingly urgent to adjust the configuration structure of energy elements and promote the 149 

clean transformation of the energy system dominated by fossil energy for low-carbon 150 

development. Yet, we have to realize that as non-fossil energy has developed rapidly, the 151 

adjustment of energy structure, which is characterized by the renewable energy consumption, is 152 

definitely possible to have more than a purely stimulative impact on economy (Lin 2017). In 153 

other words, under the action of some regulatory mechanisms, the relationship between the two 154 

may present a structural evolution. What is noteworthy is that the panel threshold regression 155 

model is a nonlinear econometric model, whose connotation is to incorporate the regulated 156 

index as an unknown factor into the model equation, establish the piecewise regression function 157 

based on the core independent variable, thereby estimating both the inflection point value of 158 



threshold mechanism and its related parameters. Therefore, we apply the conventional 159 

nonlinear model, namely the threshold regression model, to the study of the impact relationship 160 

between the renewables consumption and green development. Furthermore, based on the 161 

following theoretical analysis and mechanism research, this paper attempts to raise three 162 

hypotheses. 163 

(1) The consumption of renewable energy. In the process of increasing the utilization of 164 

renewable energy, the overall energy structure is also facing slow evolution, which is embodied 165 

in the transformation of the energy system from fossil fuels to clean energy (Koak 2017). 166 

However, the impact of the two energy systems on the economic and social system is bound to 167 

be different, especially on the economic growth. More precisely, when fossil energy is 168 

dominant in the energy system, the economic cost of energy use is small, but its negative 169 

externality to the ecological environment is more obvious, which is reflected in the 170 

enhancement of greenhouse effect, thus leading to the global warming (OMRI 2021; Naqvi et al. 171 

2020). At the same time, because of the un-producible essence of fossil energy and the 172 

overexploitation of fossil fuels by human beings, the traditional energy sources are running out, 173 

which also makes economies that have long relied on fossil energy consumption face 174 

uncertainty in energy security (Li and Cheng 2020). On the contrary, when the energy system is 175 

dominated by non-fossil energy, the economic cost of energy use will be large, and the negative 176 

externalities brought by energy use will be greatly weakened, which will impose a 177 

correspondingly large influence on the economic systems, significantly strengthening the social 178 

sustainable development ability (Xie et al. 2018). However, boosting non-fossil energy 179 

consumption does not happen overnight at all. In the preliminary stage of the increase of 180 



non-fossil energy consumption, the production process and equipment need to be updated in 181 

time, the clean production capacity of enterprises needs to be improved, and the relevant market 182 

of products also needs to be redefined. Consequently, renewable energy consumption may 183 

impose huge economic cost on the economic growth of enterprises, thereby inhibiting the 184 

advancement of the green economy (Teng and Rong 2020; Li and Yi 2020). When the 185 

cleanliness of the energy system is continuously improved, the driving effect of non-fossil 186 

energy consumption on ecological environmental protection and economic development is 187 

gradually highlighted, and thus it will exert a favorable influence the green economic 188 

development. Therefore, this study considers that in the process of renewable energy 189 

consumption, there must be a special point through which the renewable energy consumption 190 

breaks, its impact on the evaluation of LC economy will change from negative to positive, 191 

displaying an obvious "J" curve effect. 192 

On such a basis, this article comes to formulate Hypothesis 1: Renewable energy 193 

consumption does not linearly affect the green economy. Accompanied by the continuous 194 

advancement of the renewables consumption, its influence on the development of low-carbon 195 

economy may well undergo a structural mutation, with the effect direction changing from 196 

suppressive to stimulative. 197 

(2) The intensity of energy consumption. The energy intensity refers to the energy use per 198 

unit of real GDP, reflecting the degree of energy dependence of an economy (Luan et al. 2021). 199 

As the energy consumption intensity reaches a certain level, the economic development 200 

becomes highly dependent on energy consumption, with more apparent path dependence effect 201 

and lock-in effect of energy use (Qi and Li 2017). Combining the idea of path dependence with 202 



the energy economy, this paper aims to discuss the high dependence and internal inertia of the 203 

system on the production, technology and industrial structure of fossil energy driven by the 204 

economic development due to the scale effect, adaptive expectation, cooperative effect and 205 

other factors (David 1988; Arthur 1994). Unruh (2000) pointed out that due to the increasing 206 

economies of scale in energy path dependence, the industrial economy would be locked into the 207 

energy system based on fossil fuels for a long time, which would hinder the policy and market 208 

forces of the renewables. And for a very long time, under the extensive economic development 209 

mode of high input and low output, China has also generated serious energy dependence and 210 

lock-in effect on fossil energy. Especially in the middle parts and the western areas, it is hard to 211 

change the facilities construction and corresponding policies and systems that have been 212 

formed for fossil energy consumption. 213 

In consideration of the above analysis, this study puts forward Hypothesis 2: Under the 214 

adjustment of the energy intensity, the renewables’ influence on low-carbon economy appears 215 

as a nonlinear shock. Specially, when energy intensity exceeds the threshold value, it limits the 216 

beneficial effect of the renewables consumption on the green economy to some extent. 217 

(3) The level of economic development. The relationship between economic advance and 218 

energy consumption usually follows the rules described by the environmental Kuznets curve. In 219 

regions with better development of economy, the energy resources and economic system are 220 

dramatically decoupled with smaller economic cost of energy substitution, and the diversified 221 

energy structure formed by factor substitution may contribute to the economic growth (He and 222 

Lin 2019; Presley et al. 2020). Generally speaking, areas with higher levels of economic 223 

development tend to possess the hardware foundation (such as investment in scientific research, 224 



infrastructure, etc.) and software foundation (such as consciousness of green development and 225 

ecology protection, reservation of professional knowledge, etc.) required by non-fossil energy 226 

consumption. Under such conditions, no matter at the policy level or the market level, there are 227 

few obstacles to the consumption of non-fossil energy. Additionally, a higher level of economic 228 

development often leads to the continuous enrichment of enterprises' investment in education 229 

funds and scientific research and innovation, thus attracting more social capital, cutting-edge 230 

technology and high-tech talents, which are conducive to the formation of aggregation effect 231 

(Zhao and Lin 2019). After dividing 108 countries into four groups: high income, low income 232 

and two types of middle incomes between the two, Al-Mulali et al. (2013) concluded that the 233 

higher the income level, the greater the sustainable and significant positive impact of the 234 

renewables utilization on economy advance; Based on the panel data of 28 EU member states, 235 

Qi and Li (2017) indicated that activities related to renewable energy have significant economic 236 

costs and are detrimental to economic growth. Besides, the inhibition effect of the renewables 237 

on economy progress is visibly disparate in countries with various economic development 238 

levels; Huang et al. (2008) grouped 82 countries by the income level, finding that the energy 239 

consumption does not have the same effect on real GDP across groups, which was proved by 240 

Lee and Chang(2007) as well. It can be seen that once the economy climbs a certain height, the 241 

consumption of renewables will exert a completely opposite effect on green development. 242 

On this basis, we further conceive the Hypothesis 3: The utilization of the renewables has 243 

a nonlinear impact on the progress of LC economy. Meantime, with a higher development level 244 

of economy, the driving effect of renewable energy consumption on the green economic 245 

advance is more evident. 246 



 247 

4. Methodology and data 248 

4.1 Econometric methodology 249 

4.1.1 Setting of threshold model 250 

Borrowing from Hansen's (1999) findings, this study adopts a non-dynamic threshold 251 

model to examine the existence of threshold effect between the consumption of renewable 252 

energy sources and the green economy. As an econometric model of nonlinear relation test, 253 

this method can not merely precisely measure different values of the thresholds, but also 254 

statistically verify the significant level of endogenous "threshold characteristics". With 255 

renewable energy consumption 𝑇𝐸𝑆𝑖𝑡 , energy intensity 𝐸𝑛𝑒𝑟𝑔𝑦𝑖𝑡  and economic 256 

development level 𝐺𝐷𝑃𝑖𝑡  as the moderating variables, the following single-threshold panel 257 

models are constructed. 258 

𝐿𝐶𝐸𝑖𝑡 = 𝜃 + 𝛽1𝐺𝑂𝑉𝑖𝑡 + 𝛽2𝐼𝐶𝑇𝑖𝑡 + 𝛽3𝑈𝑅𝐵𝑖𝑡 + 𝛽4𝑃𝑂𝑃𝑖𝑡 + 𝛽5𝑅𝐸𝐺𝑖𝑡 + 𝛽6𝑂𝑝𝑒𝑛𝑖𝑡 + 𝛽7𝑇𝐸𝑆𝑖𝑡 ×259 

𝐼(𝑇𝐸𝑆𝑖𝑡 ≤ γ1) + 𝛽8𝑇𝐸𝑆𝑖𝑡 × 𝐼(𝑇𝐸𝑆𝑖𝑡 > γ1) + 𝜀𝑖𝑡             （1） 260 

𝐿𝐶𝐸𝑖𝑡 = 𝜃 + 𝛽9𝐺𝑂𝑉𝑖𝑡 + 𝛽10𝐼𝐶𝑇𝑖𝑡 + 𝛽11𝑈𝑅𝐵𝑖𝑡 + 𝛽12𝑃𝑂𝑃𝑖𝑡 + 𝛽13𝑅𝐸𝐺𝑖𝑡 + 𝛽14𝑂𝑝𝑒𝑛𝑖𝑡 +261 

𝛽15𝑇𝐸𝑆𝑖𝑡 × 𝐼(𝐸𝑛𝑒𝑟𝑔𝑦𝑖𝑡 ≤ γ2) + 𝛽16𝑇𝐸𝑆𝑖𝑡 × 𝐼(𝐸𝑛𝑒𝑟𝑔𝑦𝑖𝑡 > γ2) + 𝜀𝑖𝑡     （2） 262 

𝐿𝐶𝐸𝑖𝑡 = 𝜃 + 𝛽17𝐺𝑂𝑉𝑖𝑡 + 𝛽18𝐼𝐶𝑇𝑖𝑡 + 𝛽19𝑈𝑅𝐵𝑖𝑡 + 𝛽20𝑃𝑂𝑃𝑖𝑡 + 𝛽21𝑅𝐸𝐺𝑖𝑡 + 𝛽22𝑂𝑝𝑒𝑛𝑖𝑡 +263 

𝛽23𝑇𝐸𝑆𝑖𝑡 × 𝐼(𝐺𝐷𝑃𝑖𝑡 ≤ γ3) + 𝛽24𝑇𝐸𝑆𝑖𝑡 × 𝐼(𝐺𝐷𝑃𝑖𝑡 > γ3) + 𝜀𝑖𝑡           （3） 264 

In the above three formulas, 𝐿𝐶𝐸 represents the degree of low-carbon economy. And 265 

three threshold variables in the corresponding models are respectively described by the 266 

consumption of the renewables 𝑇𝐸𝑆𝑖𝑡, the intensity of energy use 𝐸𝑛𝑒𝑟𝑔𝑦𝑖𝑡 and the level of 267 

economic development 𝐺𝐷𝑃𝑖𝑡 . The formula also contains the same set of control variables, 268 



including government intervention 𝐺𝑜𝑣𝑖𝑡 , informatization 𝐼𝐶𝑇𝑖𝑡 , urbanization 𝑈𝑅𝐵𝑖𝑡 , 269 

population density 𝑃𝑂𝑃𝑖𝑡 , environmental regulation 𝑅𝐸𝐺𝑖𝑡  and the degree of openness 270 

𝑂𝑝𝑒𝑛𝑖𝑡. 𝛽 expresses the vecor of coefficients, and 𝛾 refers to the specfic value of the 271 

threshold. The formula also contains an index function 𝐼(•) , whose value is 1 when the 272 

corresponding condition holds, otherwise is 0. 𝜀𝑖𝑡~𝑖𝑑𝑑(0, 𝛿2) is the random interference.  273 

4.1.2 Examination methods of threshold effect 274 

In model estimation, the elimination the individual effects of panel data can be removed 275 

by deleting the average value within the group, and the single-threshold model is expressed in 276 

the form of matrix as follows: 277 𝐿𝐶𝐸𝑖𝑡 = 𝑥∗(𝛾)𝛽 + 𝜀∗                       （4） 278 

For a given value, the consistent estimator of the parameter 𝛽 can be gained through 279 

the common least square method, namely: 280 

 �̂�(𝛾) = [X∗ (γ)` X ∗(γ)]−1X∗ (γ)` Y ∗                 （5） 281 

The corresponding residual vectors 𝑒 ∗̂(𝛾) and the residual sum of squares 𝑆1(𝛾) are 282 

shown below respectively. 283 

  𝑒 ∗̂(𝛾) = Y ∗ − X ∗(γ)𝛽∗(𝛾)                      （6） 284 

                  𝑆1(𝛾) = 𝑒 ∗̂(𝛾)`𝑒 ∗̂(𝛾)                        （7） 285 

By minimizing 𝑆1(𝛾) corresponding to Equation 5, we can get the estimated value of 286  𝛾, that is, �̂� = 𝑎𝑟𝑔 min𝛾 𝑆1(𝛾), from which the residual vector 𝑒 ∗̂ = 𝑒 ∗̂(𝛾) and the 287 

variance of the residual �̂� = 𝜎2̂(�̂�) = 1𝑛(𝑇−1) 𝑒 ∗̂`𝑒 ∗̂ = 1𝑛(𝑇−1) 𝑆1(�̂�) can be further  288 

obtained. 289 

Once the parameter estimate is reckoned, the model needs to be tested in the following 290 



two aspects. 291 

One is to examine whether there is a threshold effect, whose null hypothesis is H0：292 𝛽1 = 𝛽2. Meantime, statistics are constructed for likelihood ratio test: 293 𝐹1 = 𝑆0−𝑆1(�̂�)𝑆1(𝛾) 𝑛(̂⁄ 𝑇−1)                       （8） 294 

Among them, the specific value of the critical point cannot be identified on the basis of 295 

null assumption, which results in the non-standard distribution of traditional test statistics. 296 

Accordingly, Hansen(1999) proposed that by means of the self-sampling, the above 297 

deficiencies can be resolved effectively. 298 

The other is to test whether the calculated threshold value is the same as the real value of 299 

the inflection point. Hansen(1999) proposed that the null hypothesis is still valid only by 300 

constructing a "non-rejection domain", that is, satisfying 𝐿𝑅1(𝛾0) ≤ 𝑐(𝛼), where 𝑐(𝛼) =301 

−2 ln(1 − √1 − 𝛼). For the null hypothesis H0：𝛽1 = 𝛽2, the likelihood ratio statistic is: 302  𝐿𝑅1(γ) = 𝑆1(γ)−𝑆1(γ̂)�̂�2                              （9） 303 

It is assumed that there is only one threshold in the above model, but once a double or 304 

multiple threshold value is tested in the model, it can be expanded on the basis of the above 305 

model. Due to space constraints, this article will not go into details. 306 

4.2 Variable description 307 

The explained variable: The level of low-carbon economy development 𝐿𝐶𝐸. As a 308 

sustainable development model with lower resource input and higher economic output, 309 

low-carbon economy mainly focuses on both input and output. In this paper, a 310 

super-efficiency DEA-SBM (a slacked-based DEA model) considering non-expected 311 

pollutions is adopted to estimate the level of low-carbon economic development which can 312 



effectively avoid the problem of efficiency overestimation and non-radial adjustment of input 313 

and output efficiency. To be more precise, we assume that returns to scale are constant (Zhou 314 

and Hu 2013). At the same time, this paper selects a output-oriented super-efficiency SBM 315 

model and constructs an adjacent reference Malmquist index (Adjacent Malmquist). In the 316 

choice of input and output indicators, referring to researchers such as Yan et al. (2020) and 317 

Shen et al. (2020), the paper creatively adds the ecological footprint measured by the 318 

improved emergence method (Yang and Zhu 2016; Tan and He 2016). Table 1 shows the 319 

inputs of various biological accounts and energy accounts and the elements of input-output 320 

listed in Table 2 are selected after careful consideration in the study. 321 

Table 1 The index table of input and output 322 

 

Input 

Capital 

Labor 

Ecological footprint 

Output Gross domestic product 

Carbon dioxide emissions 

 323 

Table 2 Ecological footprint account 324 

Land type Species of biological resources 

Arable land Cereals, beans, potatoes, cotton, oil plants 

woodland Wood, tea, fruit, apple, pear, grape 

Grassland Beef, pork, mutton, milk, poultry eggs 

Fossil energy land Crude oil, natural gas, kerosene, coke, diesel, gasoline, fuel oil, coal 

Construction land Electric power 

Water area Fish, shrimp, crabs and other aquatic products 

 325 

Core explanatory variable: The consumption of renewable energy 𝑇𝐸𝑆. Under the 326 



framework of the Paris Agreement, the Chinese government has fully played its role as a 327 

"responsible major country" and set targets for renewable energy consumption and carbon 328 

reduction in China's development. At the policy level, the Chinese government has issued 329 

three heavyweight documents: the 13th Five-Year Plan for Renewable Energy Development, 330 

the 13th Five-Year Plan for Energy Development, and the Revolution Strategy for Energy 331 

Production and Consumption 2016-2030. All of these documents set targets for renewable 332 

energy consumption, basically stipulating the proportion of non-fossil energy in primary 333 

energy consumption to 15% by 2020, 20% by 2030 and 50% by 2050. Increasing the 334 

proportion of non-fossil energy consumption is undoubtedly the basic requirement for 335 

promoting renewable energy consumption (Han et al. 2020). In this paper, the proportion of 336 

non-fossil energy consumption in primary energy consumption is applied to characterize the 337 

degree of renewable energy consumption. Due to the fact that the National Bureau of 338 

Statistics does not release official regional data on primary energy consumption, we attempt 339 

to convert the secondary energy consumption, such as coke, gasoline and diesel, into ten 340 

thousand tons of standard coal on the basis of the reference coefficient of various energy 341 

sources. Thereafter, we subtract the total secondary energy consumption from the total 342 

regional energy, and finally get the primary energy consumption of each province. The 343 

specific folding standard coal coefficient is summarized in Table 3. 344 

Table 3 The conversion standard coal reference coefficient of various secondary energy  345 

 Coke Fuel oil Gasoline Kerosene Diesel 

Liquefied 

petroleum 

gas 

Power 

(equivalent) 

Coefficient 

of 

conversion 

9,714 

tons of 

standard 

14,286 tons 

of standard 

coal / ten 

14,714 tons 

of standard 

coal / ten 

14,714 tons 

of standard 

coal / ten 

14,571tons 

of standard 

coal / ten 

17,143 tons 

of standard 

coal / ten 

0.1229 

kilogram 

standard 



to standard 

coal 

coal / ten 

thousand 

tons 

thousand 

tons 

thousand 

tons 

thousand 

tons 

thousand 

tons 

thousand 

tons 

coal/ 

kilowatt hour 

Note: The conversion standard coal coefficient of various energy sources comes from the latest 346 

national standard GB/T 2589-2008 General Rules for Comprehensive Energy Consumption, which was 347 

formally implemented on June 1, 2008. 348 

Threshold variables: In our research, the threshold indicators are respectively set as the 349 

consumption of the renewables 𝑇𝐸𝑆, energy intensity 𝐸𝑛𝑒𝑟𝑔𝑦 and the level of regional 350 

economy advance 𝐺𝐷𝑃 . Among them, the calculation method of renewable energy 351 

consumption has been described above. Referring to the research results of Qi(2010), 352 

Hu(2011) and other scholars, the energy intensity is expressed by total energy expenditure as 353 

a percentage of GDP. In addition, regional economic development level is represented by 354 

regional per capita income, which has also been recognized by most scholars. 355 

Control variables: For fear of the overall model being disturbed by other factors, we have 356 

read a large number of relevant literatures and finally decided to add the following control 357 

indicators into the model. ①Government intervention 𝐺𝑂𝑉. The government participates in 358 

regional economic activities through fiscal policy which is represented by the taxation, thus 359 

supporting the development of environmental protection enterprises and green technology 360 

innovation. But in the short term, given the hidden competition between regions for economic 361 

revenue and the performance of local officials, governments may be more focused on 362 

economic favors than environmental benefits. Hence, the impact of government intervention 363 

on the green development is uncertain. Referred to Hong et al. (2014), the research adopts the 364 

percentage of government spending in GDP excluding public expenditures on technology, 365 

education, medical treatment and society cultures to express the degree of government 366 
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intervention.②Level of informatization 𝐼𝐶𝑇 . Advances in information technology can 367 

availably solve the problem of information island, and the network information platform can 368 

provide opportunities for both supply and demand to integrate information, thus improving 369 

their resource allocation efficiency and effectively promoting the process of low carbon 370 

economy. from both the productive and the living ends. For another, The construction of 371 

various new digital infrastructure also forces certain pressure on the regional economic 372 

growth  and the improvement of ecological performance, with  rampant discussions on the 373 

"productivity paradox". Therefore, there remains indeterminacy about the relationship 374 

between the level of informatization and the advancement of green economy. In light of 375 

research results of Huang et al. (2019), Yuan and Liu (2019), the percentage of post and 376 

telecommunications business volume in gross population is calculated to indicate 𝐼𝐶𝑇. ③ 377 

Level of urbanization 𝑈𝑅𝐵 . On the one hand, with the growing urbanization process, 378 

abundant factors, such as capital and labor, are constantly aggregating, which is conducive to 379 

the optimization of resource allocation and knowledge spillover, and thus can motivate the 380 

green economy. On the other hand, the pollution effect of infrastructure brought by 381 

urbanization and the congestion effect caused by factor agglomeration will inhibit the 382 

low-carbon economy development. Therefore, the impact of urbanization on the advancement 383 

of LC economy remains still dubious. Referred to the measurement methods of Zhang et al. 384 

(2015), this study employs the percentage of urban permanent residents in the general 385 

population to express the level of regional urbanization. ④The population density 𝑃𝑂𝑃. 386 

According to the theory of classical economics and new economics, the population size is 387 

often taken as the representation variable of labor force, which is one of the basic components 388 



of economic increase. Yet, there has been no consensus in the linkage between the population 389 

and LC development. This paper introduces the population intensity into the control factor, 390 

which is described as the ratio of the total resident population at the end of the year to the area 391 

of the province (Qiu and Zhou 2020). ⑤Environmental regulation 𝑅𝐸𝐺 . Traditional 392 

neoclassical economists generally believed that environmental regulation would inhibit the 393 

development of low-carbon economy through "cost effect" and "constraint effect", while 394 

Porter put forward that reasonable environmental regulation could encourage enterprises to 395 

carry out the relevant technological innovation, so as to realize the coordinated progress of 396 

economic growth and ecological environment. Due to the uncertain relation between the two, 397 

this paper then uses the amount of pollution control divided by GDP to express the indicator 398 

of environmental regulation(Wang 2016). ⑥Degree to openness 𝑂𝑝𝑒𝑛. The export-oriented 399 

economy characterized by import and export trade is an important engine of China's rapid 400 

economic growth. But in fact, China's foreign trade activities are mainly manifested in the 401 

labor-intensive and resource-intensive export trade, and the "three imports and one 402 

supplement" low-technology foreign investment, which is not beneficial for sustainable 403 

evolution. Thereby, the degree of openness is also taken as the control variable in the model, 404 

and the calculation method of Shen (2017) is applied for reference. 405 

Table 4 The definition and measurement of variables  406 

Variable name Variable meaning  Variable measurement 

LCE 
The level of low-carbon 

economic development 

Super-SBM 

TES 
The consumption of renewable Deduction of secondary energy 



energy based on energy consumption 

Energy 
The intensity of energy use Energy consumption per unit of 

GDP 

GDP 
The level of economy 

development 

GDP per capita 

GOV 
The degree of government 

intervention 

Government spending as a share 

of GDP 

ICT 
The level of informatization The ratio of post and 

telecommunications volume to 

total population 

URB 
The degree of urbanization  The percentage of permanent 

city residents in the general 

population 

POP 
The density of population The ratio of the total resident 

people at year-end to the size 

under provincial jurisdiction 

REG 
The level of environmental 

regulation 

The ratio of the total amount of 

pollution control to GDP 

Open 
The degree of openness The total imports and exports 

divided by gross domestic 

product 

 407 
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4.3 Data source 408 

Setting the year from 2000 to 2017 as the research period, this paper selects 30 mainland 409 

regions in China as the research data. Because of the obvious information missing in Hong 410 

Kong, Taiwan, Tibet and Macao, we have eliminated them. On the one hand, this time span 411 

covers the period from the “10th Five-Year Plan” to the “13th Five-Year Plan”, which has a 412 

wide range of statistical significance. On the other hand, the period selected crosses two 413 

rounds of "electricity system reform" and the initial stage of "structural reform on the supply 414 

side", which can fully verify the linkage between consumption of renewables and the process 415 

of LC economy in China. 416 

The data of low-carbon and green growth processed in the study are almost obtained 417 

from China Statistical Yearbook and Wind - Economic Database. The consumption of various 418 

types of energy are primarily collected from National Energy Model Integration Platform of 419 

Beijing Institute of Technology, China Energy Statistical Yearbook and various public 420 

statistical information; The data of economic development level and control variables are 421 

referred to the sources, such as Population and Employment Statistical Yearbook of China, 422 

China Statistical Yearbook and Annual Database by Provinces on the website of the National 423 

Bureau of Statistics.  424 

For sake of the weakness of data credibility and comparability caused by price 425 

fluctuations, the paper sets the base period as 2000, deflates the prices of all monetary 426 

quantities, and adjusts them to comparable prices by means of a basket of price indexes such 427 

as fixed asset investment price indexes. Moreover, for fear of the heteroscedasticity and 428 

multicollinearity, the logarithm processing is carried out on the related variables. Table 5 429 



collects the specific descriptive statistics of the correlation coefficient matrix among the 430 

variables. 431 

Table 5 The specific descriptive statistics of the correlation coefficient matrix 432 

Variable Mean standard deviation Min Max Sample volume 𝐿CE 0.9986 0.0713 0.6865 1.1864 540 𝑇𝐸𝑆 0.1178 0.1095 0.0006 0.4278 540 𝐸𝑛𝑒𝑟𝑔𝑦 1.2480 0.7350 0.2546 4.3065 540 𝐺𝐷𝑃 3.0835 2.4162 0.2645 12.9060 540 𝐺OV 0.1470 0.0707 0.0058 0.4997 540 𝐼𝐶𝑇 0.1375 0.1052 0.0095 0.6256 540 𝑈RB 0.4919 0.1524 0.1389 0.8961 540 𝑃OP 0.0429 0.0610 0.0007 0.3826 540 𝑅EG 0.0017 0.0014 0.0007 0.0099 540 𝑂𝑝𝑒𝑛 0.3091 0.3822 0.0162 1.6802 540 

 433 

5. Empirical analysis of the threshold effect of renewable energy consumption 434 

on low-carbon economic development 435 

5.1 Results of panel variables testing 436 

5.1.1 Multicollinearity test 437 

First, the correlation analysis is conducted. It can be seen from the Table 6 that there is 438 

no strong correlation between the variables, among which correlation coefficients are all less 439 

than 0.8. Among them, the highest correlation coefficient is 0.7909, which is between the 440 

indicator of GDP and URB. 441 

Table 6 Correlation matrix and summary statistics of variables 442 

Variable 𝐿CE 𝑇𝐸𝑆 𝐸𝑛𝑒𝑟𝑔𝑦 𝐺𝐷𝑃 𝐺OV 𝐼𝐶𝑇 𝑈RB 𝑃OP 𝑅EG 𝑂𝑝𝑒𝑛 𝐿CE 1.000          𝑇𝐸𝑆 0.1016** 1.000         𝐸𝑛𝑒𝑟𝑔𝑦 -0.4018*** -0.0914** 1.000        𝐺𝐷𝑃 0.4203*** -0.086* -0.5885*** 1.000       𝐺OV 0.1671** 0.3523*** 0.2281*** 0.0437 1.000      
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𝐼𝐶𝑇 0.4086*** -0.0407 -0.4808*** 0.744*** 0.0245 1.000     𝑈RB 0.349*** -0.142** -0.5164*** 0.7909*** -0.06 0.7146*** 1.000    𝑃OP 0.0998* -0.2499*** -0.3236*** 0.5172*** -0.2107*** 0.5056*** 0.4879*** 1.000   𝑅EG -0.1308** -0.1307** 0.5234*** -0.2815*** 0.0976** -0.2387*** -0.2084*** -0.2009*** 1.000  𝑂𝑝𝑒𝑛 0.1545** -0.1775*** -0.3624*** 0.4357*** -0.307*** 0.5868*** 0.6032*** 0.6999*** -0.1722** 1.000 

Note: The statistical values at 10%, 5% and 1% levels are indicated by *, ** and *** respectively. 443 

Secondly, the variance inflation factor VIF is analyzed. For the variables in the paper, the 444 

VIF test results of variance inflation factor are set out in Table 7. Among all variables, the 445 

maximum VIF value is 4.46, much less than 10. What is certain is that, combining with the 446 

results of correlation coefficient and variance inflation factor VIF, it appears no 447 

multicollinearity among variables (Wang and Liu 2007). 448 

Table 7 VIF of each variable 449 

 TES Energy GDP GOV ICT URB POP REG Open Mean 

VIF 1.36 2.33 4.46 1.55 2.93 3.69 2.41 1.41 3.13 2.59 

1/VIF 0.74 0.43 0.22 0.65 0.34 0.27 0.41 0.71 0.32 0.45 

 450 

5.1.2 Unit root test 451 

For fear of spurious regression, the unit root test must be carried out before regression 452 

analysis of panel model. Actually, there are many methods for unit root test, including the 453 

tests of LLC, IPS, Breitung, Fisher-ADF and Fisher-PP, etc. In order to prevent the possible 454 

defects brought by a single test method, the special tests whose null assumption is the 455 

existence of panel unit root are respectively applied in this paper for variables through the 456 

software EViews 9.0. According to Table 8, under the original value test, only three variables 457 

(LCE、GOV、REG) have passed the three tests at the significance level below 10%, while the 458 

other variables all had unit roots. In the case of first-order difference test, all statistics pass the 459 

four tests at the significance level of less than 5%, indicating that all of variables have 460 



stationarity after the first-order difference processing, which behaves as a comprehensive 461 

first-order integer. 462 

Table 8 The results of panel unit root test  463 

Variable Untreated original value The value after the first difference 

LLC IPS ADF-Fisher Fisher-PP LLC IPS ADF-Fisher Fisher-PP 𝐿CE -2.31** -9.15*** 192.09*** 225.09*** -43.08*** -41.50*** 494.91*** 583.24*** 𝑇𝐸𝑆 -1.81** -2.04** 99.01* 88.33 -9.60*** -9.70*** 199.16*** 298.03*** 𝐸𝑛𝑒𝑟𝑔𝑦 -3.80** -0.82 74.96* 76.42* -9.50*** -7.93*** 167.71*** 234.87*** 𝐺𝐷𝑃 -4.69*** 0.32 61.07 84.7045** -7.70*** -1.89** 79.79** 90.21** 𝐺OV -2.77** -1.91** 90.40** 99.34* -15.76*** -14.58*** 268.48*** 353.42*** 𝐼𝐶𝑇 0.10 -0.58 52.92 53.23 -16.36*** -11.72*** 221.40*** 224.86*** 𝑈RB 6.44 -0.20 70.07 105.52** -125.45*** -33.78*** 227.54*** 335.32*** 𝑃OP -4.82*** 0.73 91.35* 57.60 -6.30*** -3.52*** 118.96** 124.72*** 𝑅EG -10.04*** -9.46*** 182.35*** 157.35*** -21.85*** -19.22*** 338.58*** 419.59*** 𝑂𝑝𝑒𝑛 -4.54*** -0.87 67.69 38.44 -13.88*** -11.07*** 215.27*** 320.70*** 

Note: The statistical values at 10%, 5% and 1% levels are indicated by *, ** and *** respectively. 464 

5.1.3 Co-integration test 465 

As can be seen from Table 9, the KAO test method is used to perform the co-integration 466 

test on the variables of the three basic models respectively. Once the value of P is smaller than 467 

0.01, we can believe that the null assumption is statistically rejected, that is, all the indices in 468 

each model are co-integrated over the long term.  469 

Table 9 Co-integration test - KAO test results 470 

Statistic Model T-Statistic Prob. 

ADF 

Model (1) -6.65117 0.0000 

Model (2) -5.76695 0.0000 

Model (3) -5.1202 0.0000 

 471 



5.2 Estimation of the threshold model 472 

5.2.1 Threshold effect test 473 

After setting the core explanatory variable as the consumption of renewable energy, we 474 

examine the existence of threshold effect and sorts the results in Table 10. When the threshold 475 

variable is set as the renewable energy consumption 𝑇𝐸𝑆, the single-threshold effect is 476 

significant (P value is 0.0400), while the double threshold effect is not significant (P value is 477 

0.1900), that is, there is merely a single threshold value; In the case of energy intensity 478 

𝐸nergy as the moderating variable, the value of P in the single threshold is 0.0300 and the 479 

inspection value of the other test is 0.5733, indicating that only the single-threshold effect 480 

comes into play; Once the economy development level 𝐺𝐷𝑃 is taken as the threshold 481 

indicator, the single threshold utility has passed the 5% significance inspection, while the 482 

effect of double threshold failed, manifesting that there is only one critical value in the model. 483 

Table 10 Statistical analysis of threshold effect 484 

Model 
Threshold 

variable 

Threshold 

effect 
F-value P-value 

BS 

number 

The critical value 

0.01 0.05 0.10 

Model (1) 𝑇𝐸𝑆 
Single 15.88** 0.0400 300 13.7399 15.2373 20.7347 

Double 10.35 0.1900 300 13.9775 17.6793 26.7207 

Model (2) 𝐸𝑛𝑒𝑟𝑔𝑦 
Single 16.46** 0.0300 300 10.9593 12.9263 19.5390 

Double 5.69 0.5733 300 12.2030 13.9146 19.1169 

Model (3) 𝐺𝐷𝑃 
Single 36.14** 0.0167 300 21.8923 27.1765 38.5323 

Double 3.78 0.8300 300 12.6770 14.5299 17.6840 

Note: The statistical values at 10%, 5% and 1% levels are indicated by *, ** and *** respectively. 485 

When the 5% quantile of the threshold variable is taken as the starting point of the search, 486 

the threshold variable value with the minimum sum of squares of residuals is the right 487 

estimation of threshold. After the threshold estimator is obtained, it is also necessary to verify 488 

the similarity between the estimated threshold and the real value. Table 11 displays the test 489 



results. It is found that when the threshold variable is set as the consumption of renewables 490 

𝑇𝐸𝑆, the test value of single threshold effect is 0.0093, and the corresponding 95% confidence 491 

intervals are respectively [0.0091, 0.0099]; While the intensity of energy consumption 492 

𝐸nergy is set as the threshold variable, the value of the critical value is 1.1766, whose 95% 493 

confidence intervals is between 1.1078 and 1.1815; Under the adjustment effect of economic 494 

development level 𝐺DP variable, a single threshold 0.6366 is obtained, which is in the 95% 495 

confidence interval of 0.6074 to 0.6444. 496 

Table 11 The results of threshold estimates 497 

Model 
Threshold 

variable 
Test 

Threshold 

estimates 

0.95 confidence 

interval 

Model (1) 𝑇𝐸𝑆 Single threshold value 0.0093 [0.0091, 0.0099] 

Model (2) 𝐸𝑛𝑒𝑟𝑔𝑦 Single threshold value 1.1766 [1.1078, 1.1815] 

Model (3) 𝐺𝐷𝑃 Single threshold value 0.6366 [0.6074, 0.6444] 

To acquire the threshold and the confidence interval in a more intuitive way, we further 498 

identify the threshold value by feat of the least square likelihood ratio statistic LR. The 499 

threshold estimate is the statistic when LR is zero. Figure 1 presents the likelihood ratio 500 

function graphs covering the threshold value in the three kinds of threshold models 501 

respectively. 502 

               503 

       Model (a)                                  Model (2) 504 



 505 

Model (3) 506 

Fig.1. The function graphs of Likelihood ratio of threshold values in different models (1), 507 

(2) and (3) 508 

5.2.2 Analysis of the threshold regression model 509 

On the basis of different threshold variables, this article establishes three threshold panel 510 

models. Table 12 demonstrates the concrete results of three panel regressions. 511 

In Model (1), when the consumption of the renewables is low (𝑇𝐸𝑆𝑖𝑡 ≤ 0.0093), it 512 

appears unfavorable for the progress of LC economy. (-8.0152), which is significant at the 1% 513 

level; When 𝑇𝐸𝑆 gets greater (𝑇𝐸𝑆𝑖𝑡 > 0.0093), the blossom of low-carbon economy will be 514 

driven by renewable energy consumption, with the elastic coefficient 0.1034 passing the 0.1 515 

siginificance test. Hereby, we can easily conclude that there is a complex nonlinear 516 

correlation between the consumption of renewable energy sources and the growth of 517 

low-carbon economy, which is regulated by the process of energy structure adjustment. As the 518 

consumption of the renewable source steps over the inflection point, the direction of the 519 

influence of the renewable share on the LC economy advancement will change from negative 520 

to positive evidently. Therefore, the Hypothesis 1 in this paper is further verified. 521 

In terms of the results of Model (2), along with a relative lower intensity of energy use 522 

(𝐸𝑛𝑒𝑟𝑔𝑦𝑖𝑡 ≤ 1.1766), the renewable sources consumption can make strong thrust for the green 523 



development effectively (0.1233), and it has passed the significance level test of 0.01; while 524 

along with a relative higher intensity of energy use (𝐸𝑛𝑒𝑟𝑔𝑦𝑖𝑡 > 1.1766), renewable energy 525 

consumption is no longer beneficial to low-carbon economy development, conversely 526 

showing an insignificant negative effect. It is not difficult to conclude that renewable energy 527 

consumption is highly susceptible by energy consumption intensity, thus generating a 528 

non-linear shock on the green economy progress. Once the degree of dependence on 529 

traditional energy sources reaches a special critical value, the two core indicators studied in 530 

this paper present an influence of structural mutation, which is reflected in the fact that the 531 

renewables consumption no longer wields a remarkable influence on the low-carbon economy 532 

evolution, thus convincingly confirming the Hypothesis 2. 533 

In the case of a relatively low level of economic development (𝐺𝐷𝑃𝑖𝑡 ≤ 0.6366), the 534 

consumption of renewable sources will inhibit the progress of LC economy, whose elasticity 535 

coefficient is -0.2108, as shown in Model (3); It is worth noticing that moderated by a better 536 

economic advance (𝐺𝐷𝑃𝑖𝑡 > 0.6366), the consumption of renewables in turn significantly 537 

advance the process of low carbon economy, with an influence coefficient of 0.1326 which is 538 

significant at 0.05 level. Taking the indicator of 𝐺𝐷𝑃 as the threshold variable, the existence 539 

of a non-simple linear correlation between the renewables consumption and green economic 540 

advance has been confirmed. On both sides of the threshold of economic growth, the 541 

influence of renewable resources consumption on the advancement of low-carbon economy is 542 

obviously opposite, and it reaches the expected effect in the later stage, empirically proving 543 

the Hypothesis 3 proposed above. 544 

Table 12 The regression results of three thresholds models 545 



Variable Model (1) Model (2) Model (3) 𝐺𝑂𝑉 
0.2712** 

(2.97) 

0.2436** 

(2.63) 

0.1012 

(1.08)  𝐼𝐶𝑇 
0.2727*** 

(6.32) 

0.2707*** 

(6.19) 

0.2394*** 

(5.58) 𝑈𝑅𝐵 
0.15577*** 

(3.79) 

0.1760*** 

(4.27) 

0.2061*** 

(5.10) 𝑃𝑂𝑃 
-1.47067*** 

(-4.29) 

-1.4983*** 

(-4.33) 

-1.5160*** 

(-4.51) 𝑅𝐸𝐺 
1.2716 

(0.47) 

2.3173 

(0.83) 

0.9156 

(0.35) 𝑂𝑝𝑒𝑛 
0.05037** 

(1.98) 

0.0473* 

(1.84) 

0.0331 

(1.32) 𝑇𝐸𝑆𝑖𝑡 ≤ 0.0093 
-8.0152*** 

(-3.85)   𝑇𝐸𝑆𝑖𝑡 > 0.0093 
0.1034* 

(1.88)   𝐸𝑛𝑒𝑟𝑔𝑦𝑖𝑡 ≤ 1.1766 
 

0.1233** 

(2.21)  𝐸𝑛𝑒𝑟𝑔𝑦𝑖𝑡 > 1.1766 
 -0.0014 

(-0.02) 

 

𝐺𝐷𝑃𝑖𝑡 ≤ 0.6366 
  -0.2108** 

(-2.73) 𝐺𝐷𝑃𝑖𝑡 > 0.6366 
  0.1326** 

(2.45) 

cons 0.8805*** 

(3.60) 

0.8750*** 

(3.08) 

0.8913*** 

(4.61) 

Note: The statistical values at 10%, 5% and 1% levels are indicated by *, ** and *** respectively. 546 

5.2.3 Analysis of spatio-temporal heterogeneity 547 

In terms of different threshold values, we further divide the samples into various 548 

intervals, thus we are able to observe the number of regions within each threshold. The 549 

detailed results are collected in Table 13. 550 

In the first place, as for the threshold variable of renewables consumption 𝑇𝐸𝑆, its low 551 

value range contains only 5 regions at the beginning of the sample period. By 2010, the 552 

driving role of renewable energy sources utilization in promoting the improvement of 553 



low-carbon economy has been fully evident in that all 30 regions in China had entered the 554 

high level range of renewable consumption. Nevertheless, the consumption standards of the 555 

renewables in Inner Mongolia and Shanxi declined significantly and fell back in the 556 

transitional low-level range until 2017. In particular, this paper argues that Inner Mongolia 557 

and Shanxi are two provinces with obvious fossil energy endowment, and the harmonious 558 

situation among economy and ecology in Shanxi province is seriously restricted by its leading 559 

industrial chain of coal, coke and steel, which shows an energy rebound effect in the 560 

long-term process of renewable energy consumption; Secondly, As far as the intensity of 561 

energy consumption is concerned, there are 24 regions reaching the high range in 2000, while 562 

only four provinces remain until the year of 2015 and 2016. Notably, Shanxi province crossed 563 

back into the zone of high-level intensity in 2017. Similar to the above analysis, this study 564 

argues that it mainly root in the strong dependence of fossil fuels in Shanxi Province. On the 565 

whole, the energy consumption intensity in the vast majority of regions in China does not step 566 

over the critical value, which manifests that these regions may well get rid of the energy 567 

dependence, showing a relative weak effect of energy path dependence; Thirdly, considering 568 

the standards of economic advance, it shows a half of the regions were in the low level range 569 

at the beginning, while only Guizhou province is left by 2005. It can be seen intuitively that 570 

until 2010, all regions in China have entered a new span of economic development levels with 571 

no rebound.  572 

Generally, in most provinces in China, the large-scale energy transition measures have 573 

reaped good benefits and effectively promoted green growth, but there are still some regions 574 

that need to reduce their energy intensity. Hence, under the background of "new normal", it is 575 



absolutely an critical step to realize the transition of energy consumption, so as to accelerate 576 

the intensive transition of economic advance mode in China. 577 

Table 13 The amount of regions within each threshold interval in the sample period 578 

Threshold ranges 2000 2005 2010 2015 2016 2017 𝑇𝐸𝑆𝑖𝑡 ≤ 0.0093 5 3 0 0 0 2 𝑇𝐸𝑆𝑖𝑡 > 0.0093 25 27 30 30 30 28 𝐸𝑛𝑒𝑟𝑔𝑦𝑖𝑡 ≤ 1.1766 6 10 21 26 26 25 𝐸𝑛𝑒𝑟𝑔𝑦𝑖𝑡 > 1.1766 24 20 9 4 4 5 𝐺𝐷𝑃𝑖𝑡 ≤ 0.6366 15 1 0 0 0 0 𝐺𝐷𝑃𝑖𝑡 > 0.6366 15 29 30 30 30 30 

 579 

5.3 Robustness test 580 

In order to avoid instability of the empirical model, a robustness test is inevitably 581 

performed to examine the certain threshold effect of different research samples. Drawing on 582 

the method of robustness test of Qi (2018), we attempt to adjust the research samples and test 583 

the possible errors of outliers on the results, so as to investigate the robustness of the model 584 

results shown above. In this paper, the sample areas with the maximum and minimum 585 

renewable energy consumption index of around 1%, 5% and 10% are deleted accordingly, and 586 

then three threshold model tests are conducted for 28, 26 and 24 regions in China respectively. 587 

It is not hard to find that in each model, no significant fluctuations have occurred in the value 588 

of the impact coefficient or the level of significance. More specifically, either the threshold 589 

effect or threshold value is similar to the above, and there is no apparent fluctuation in the 590 

measurement results of the control variables. On this basis, it can be considered that the 591 



threshold model constructed in this paper has good robustness. 592 

Table 14 The results of robustness tests 593 

Variable Model 1 Model (2) Model (3) 𝐺𝑂𝑉 
0.305** 

(2.63) 

0.2157* 

(1.79) 

0.2094 

(1.77) 𝐼𝐶𝑇 
0.2032*** 

(4.49) 

0.2172*** 

(4.78) 

0.2040*** 

(4.52) 𝑈𝑅𝐵 
0.2144*** 

(4.38) 

0.2395*** 

(4.88) 

0.2145*** 

(4.39) 𝑃𝑂𝑃 
-1.6529*** 

(-4.66) 

-1.6990*** 

(-4.76) 

-1.5505*** 

(-4.35) 𝑅𝐸𝐺 
1.5075 

(0.50) 

2.4653 

(0.81) 

0.0152 

(0.34) 𝑂𝑝𝑒𝑛 
0.0339 

(1.33) 

0.0318* 

(1.23) 

0.0297 

(1.16) 𝑇𝐸𝑆𝑖𝑡 ≤ 0.0102 
-8.175*** 

(-4.00)   𝑇𝐸𝑆𝑖𝑡 > 0.0102 
0.1142* 

(1.92)   𝐸𝑛𝑒𝑟𝑔𝑦𝑖𝑡 ≤ 1.6967 
 

0.1115* 

(1.86)  𝐸𝑛𝑒𝑟𝑔𝑦𝑖𝑡 > 1.6967 
 -0.1591 

(-1.46) 

 

𝐺𝐷𝑃𝑖𝑡 ≤ 0.6366 
  -0.1875** 

(-1.97) 𝐺𝐷𝑃𝑖𝑡 > 0.6366 
  0.1376** 

(2.32) 

cons 0.8720*** 

(3.05) 

0.8727*** 

(9.39) 

0.8808*** 

(9.80) 

Note: The statistical values at 10%, 5% and 1% levels are indicated by *, ** and *** respectively. 594 

6. Discussion 595 

In line with the general theory, the change of energy consumption structure will exert 596 

influence on many factors to a certain extent, such as enterprise energy cost, economic profit 597 

and environmental benefit (Shen and Li 2020). Many studies have explored the impact of 598 

different types of energy use on the green economy, such as fossil energy consumption, clean 599 



energy development, and non-fossil energy consumption (Irene and Marco 2019). Yet, in 600 

terms of the available literature, there are still some divergences in conclusions concerning the 601 

association between energy consumption and the system of economy and society. Arguably, 602 

this study provides a new perspective on the basis of regional heterogeneity regulation, 603 

obtaining that due to the particularity of different regions, the renewable energy consumption 604 

affects the development of low-carbon economy differently. 605 

Firstly, in terms of the renewables consumption, it will affect the development of 606 

low-carbon economy inordinately in different stages, and even cause a complete change in the 607 

direction of influence. The reason for this may lie in a wide-ranging and complex energy 608 

transition system. In the process of new energy supply and energy use, great capital support is 609 

undeniably required, which is highlighted by the renewal of infrastructure and the 610 

improvement of technical capacity. Under the pressure of high-cost facilities, technologies 611 

and crafts, the government has to invest huge amounts of subsidies to encourage the 612 

consumption of non-fossil energy, which seriously aggravates the financial burden of the 613 

government and partly transfers it to downstream enterprises and end consumers, thus 614 

generating a large base effect on other government and private sector expenditures and 615 

consumption. Therefore, renewable energy consumption presents a certain economic cost in 616 

the early stages. With the increasing proportion of non-fossil energy consumption, the scale 617 

effect and dry-learning effect of energy transformation are gradually manifested due to the 618 

initial cost allocation, the accumulation of technological capital, and the diffusion of cleaner 619 

production technology, thus forming a well-functioning 3E system with greater energy 620 

efficiency, higher economy quality and better ecological environment. Hence, only high 621 



renewable energy consumption can effectively promote the low-carbon progress of the 622 

economy. 623 

Secondly, in view of the limited moderating effect of energy intensity, it is essential to 624 

give full consideration to energy intensity when discussing the correlation between the 625 

consumption of the renewables and the green development. In regions of high energy 626 

consumption intensity, economies can hardly do without fossil energy consumption, which 627 

can easily bring about a high degree of dependence and internal inertia of the system. Thereby, 628 

in the course of the gradual replacement of fossil fuels by non-fossil fuels, these regions are 629 

bound to face formidable obstacles to clean energy technology innovation and renewable 630 

energy consumption, which is likely create a serious divide among regions. The areas with 631 

low energy consumption intensity not only rely less on energy consumption, but also have 632 

lower economic costs to replace fossil fuels with clean energy, thus showing a greater 633 

substitution effect. It follows that when the energy intensity achieves a certain height, the 634 

driving effect of the renewables consumption on the development of green economy is 635 

relatively limited, which is also an issue that the regional government ought to put particular 636 

effort into during the project of energy transition.  637 

Thirdly, the regional economic advancement does play a big part in the effect of the 638 

renewable energy consumption on the green advancement. We conjecture that the reason may 639 

be that the high standards of economy growth is often associated with a more reasonable 640 

industrial structure and intensive development mode, which is in favor of the evaluation of the 641 

non-fossil energy. Driven by the awareness of ecological preservation and the demand for 642 

green, the input and inflow of factor featured by technology, talent and knowledge are more 643 



smooth in these regions, which makes the innovation of green technology reveal unparalleled 644 

advantages. Gradually, more benefits are emerging, including higher levels of cleaner 645 

production, lower research and development costs, and greater energy efficiency. Accordingly, 646 

it is necessary to coordinate the transition to clean energy and the advancement of economy. 647 

7. Conclusions and suggestions 648 

Considering the effects including energy substitution effect, path dependence effect and 649 

technology base effect, this study explores the complicated role of the renewable consumption 650 

in the provincial low-carbon economic development in China. Using China’s inter-provincial 651 

panel data and setting the research period as 2000 to 2017, this paper empirically probes into 652 

the nonlinear correlation between the two core variables respectively moderated by the 653 

indicator of renewable energy utilization, energy consumption intensity and the economic 654 

development level. As a result, all the three hypotheses put forward in the study have been 655 

empirically confirmed and the following findings are obtained. ①In the path of realizing the 656 

transformation of energy structure, the negative externalities resulting from fossil energy use 657 

force economies into an unsustainable state. However, with the gradual replacement of fossil 658 

energy by renewable energy, it gradually appears more positive externalities of energy 659 

consumption, showing more favorable influence on the progress of green economy; ②The 660 

long-term extensive economic growth mode in China has resulted in the lock-in effect of 661 

fossil energy use, especially in the mid-west areas, forming a developmental pattern of 662 

quantity growth rather than quality growth. More often than not, renewable energy 663 

consumption is more beneficial to the green economy in regions that are less dependent on 664 

fossil fuels; ③The imbalance of China's regional economic development level gives rise to 665 



regional economic heterogeneity, which makes the basic conditions of renewable energy 666 

consumption differ in varying degrees, and thus has the opposite effect on the social 667 

low-carbon and green development. As can be seen from the empirical research results, for 668 

regions with better economy conditions, the driving impact of the renewables consumption on 669 

the low-carbon economy is more apparent. 670 

In consideration of the above findings, this paper believes that efforts can be made from 671 

the following three aspects to push the utilization of renewable energy sources and boost the 672 

evaluation of China's green economy. 673 

On the one hand, for regions where traditional polluting energy consumption still 674 

occupies a large proportion, the development of non-fossil energy may cause certain 675 

economic losses due to high economic costs. In such regions, the country ought to accelerate 676 

the energy transition through appropriate policy interventions and perfect supporting 677 

mechanisms, so as to enhance the potential of economic growth. For instance, the government 678 

can subsidize the production of non-fossil energy such as photoelectricity and wind power, 679 

meantime a corresponding mechanism should be established to restrain the producer. Unlike 680 

fossil fuels, renewable energy needs to be turned into electricity before it can be utilized by 681 

both the producing and consuming sectors. Yet, on account of the cost disadvantage of the 682 

renewables, it is more necessary to subsidize producers such as photoelectric and wind power. 683 

However, under the background of imperfect system and management, subsidy policies are 684 

prone to breed "subsidy" behavior, that is, some producers will take advantage of policy 685 

loopholes to steal state subsidies. Therefore, the government needs to continuously improve 686 

relevant systems and management to give full play to the due effectiveness of subsidy 687 



policies. 688 

On the other hand, for regions with high energy consumption intensity, efforts should be 689 

made to break the path dependence on energy consumption, improve the technical quality of 690 

exploration and application of non-fossil energy resources, and strengthen the infrastructure 691 

and institutional construction of non-fossil energy transportation and Internet, so as to 692 

promote the transformation of economic development model and enhance the potential of 693 

low-carbon economic development. Drived by the rapid development of industry and the 694 

gradual expansion of cities, people have higher requirements for high-energy products such as 695 

steel and cement, which in turn has advanced the development of energy-intensive enterprises. 696 

Accordingly, policy documents such as Made in China 2025 and China's 13th Five-Year Plan 697 

for Economic and Social Development stress the elimination of outdated production facilities 698 

and supported the development of strategic emerging industries. In order to get rid of regional 699 

energy dependence and break the locking effect of fossil fuels on economic growth, the 700 

government is obliged to focus on promoting the transformation and improvement of 701 

industries to foster intensive economic progress. For one thing, instead of the blind expansion 702 

of high-energy industries, the government should raise the access standards for high-input and 703 

low-output industries, and transform and upgrade high-carbon industries. For another, some 704 

financial means, such as tax relief and financial credit, can be adopted to stimulate the 705 

development of intelligent manufacturing and high-tech industries, thus accelerating the 706 

internal resource restructuring and structural upgrading of the industry. 707 

Moreover, proceeding from the reality of unbalanced regional development, the 708 

government has to adhere to the principle of implementing energy policies with clear 709 



boundaries and formulates renewable energy consumption strategies by category based on the 710 

actual economic conditions of different regions. Particularly in the regions with low-income 711 

economies, the progress of clean fuels is faced with greater institutional obstacles and 712 

practical difficulties. In regions with such characteristics, the government should further 713 

reinforce the intensity of both subsidies and support, enhance the confidence of enterprises to 714 

drive the energy transition strategy, thereby stimulating a moderate transition of the energy 715 

structure. 716 
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