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The new energy demonstration city policy is a significant pilot measure to promote the transition of China’s energy system, aiming at developing new, green, and low-carbon sources of energy. In this paper, the Non-radial Directional Distance Function (NDDF) was adopted to calculate the Energy-Carbon Performance Index (ECPI) of Chinese 182 cities, for measuring the Energy-Carbon Performance (ECP) level of each city. On this basis, it is possible to empirically analyse the impact that the policy orientation of constructing new energy demonstration cities has had on urban energy carbon performance by using a combination of Propensity Score Matching and Difference-in-Difference. Moreover, a mediating effect model is utilised to test the mediating effect of technological innovation. The results show that the new energy demonstration city policy can significantly improve the ECP. Technological innovation has a partial mediating effect between the policy orientation of new energy demonstration city construction and ECP, which accounts for 12.92% of the total effect. Optimising the industrial structure, improving the level of economic development, increasing carbon sink resources, and attracting foreign direct investment all have significant impacts on the improvement of China’s ECP, while the urbanisation process has an inhibitory effect on the improvement of ECP. Heterogeneity analysis shows that policy orientation has a better driving effect on eastern cities and western cities in promoting the improvement of ECP. The policy implications of this paper are that 1) The government should expand the scope of new energy city pilots in an orderly manner; 2) The lasting and long-term influence of policy orientation on ECP should make use of technological innovation intermediary channels; 3) Support policies are supposed to formulate according to local conditions.
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1 INTRODUCTION
At present, the earth is facing difficult environmental problems such as climate change and global warming, and the burning of fossil fuels and CO2 emissions are the main causes of environmental deterioration (Anser et al., 2020). Renewable energy technology innovation and renewable energy consumption can promote sustainable development of the global environment by reducing fossil fuel combustion and greenhouse gas emissions (Kirikkaleli and Adebayo, 2020; Shan et al., 2021). Energy security and climate change issues have urged governments to give priority to the development of new energy sources and actively implement reform energy policies. Since 2009, China’s government has implemented a number of new energy policies and measures to guide the healthy and rapid development of the new energy industry and promote the transition of the energy system through innovative mechanisms and policy subsidies. In 2020, China’s renewable energy consumption reached the equivalent of 266 million tons of standard coal, an increase of 15.41% over 2019, accounting for 5.36% of the total primary energy consumption and a rise of 0.61% over 2019 (BP, 2021). The high-quality growth of the new energy industry has enhanced China’s energy supply capacity and effectively alleviated energy shortage and solved energy security problems. Meanwhile, the vigorous development of new energy has replaced some traditional fossil energy, which can reduce CO2 emissions and pressure on the ecological environment. Finally, it can also improve energy-carbon performance.
In the background of “carbon peak and carbon neutrality” (also called dual-carbon target), ECP has been accepted by more and more countries as a tool for energy policy governance (Malinauskaite et al., 2017). Through the implementation of public policy, the government can effectively guide society towards green, high-quality and low-carbon development, especially in reducing carbon dioxide emissions and improving energy efficiency. Although policy does not directly increase production resources, it can optimise efficiency, speed, and direction of social production by changing the market price and the configuration environment of production factors. The government is the macro regulator of social production behaviour. It uses the policy-oriented effect and its policies and regulations to regulate social production behaviour (Song et al., 2021). Policy orientation means that governments can regulate the production behaviour of market economy and make social production develop in an expected direction. Governments adopt policies and requirements to restrict and regulate production behaviour. The policy orientation focused on in this article is defined as the behavioural principle that social producers and operators adapt to the new energy demonstration city policy and adjust their social activities according to policy changes to ensure social benefits.
In accordance with the requirements of the 12th Five-Year Plan for renewable energy development, the Chinese government has established the policy orientation for the pilot projects of new energy demonstration cities. In January 2014, the National Energy Administration announced the list of the first batch of new energy demonstration cities, including Changping District of Beijing, Zhengzhou, Datong and other 81 cities (districts). In November 2016, the second batch of new energy demonstration cities, was announced Xigaze city, Dunhuang City and Yangzhong City. The new energy demonstration city policy aims to improve energy efficiency, optimise energy structure, reduce carbon dioxide emissions by reducing dependence on fossil energy and increasing utilisation of renewable resources such as solar energy and geothermal energy.
During the construction of new energy demonstration cities, technological innovation, as the key to innovation-driven green and low-carbon development, is the core factor to achieve high-quality economic development (Khan et al., 2020). In addition to the transition and upgrading of energy structures, a consensus has been reached to achieve the dual-carbon target by relying on technological innovation. Because China’s economic development has the typical characteristics of “government leading,” government behaviour is bound to have a great impact on the economy and society. Technological innovation and new energy development have strong externalities, which are not only the result of spontaneous choice of the market, but also the result led by the government. The discussion of government behaviour cannot be separated from the background of China’s policy orientation, which not only has a significant impact on technological innovation, but also is an important factor affecting urban ECP. At present, when studying the policy impact of new energy demonstration cities, no scholar has explored new energy demonstration city construction policy-oriented effect from the perspective of ECP. It is also essential to identify the role of urban technological innovation in the impact of new energy demonstration city policies on urban ECP.
To sum up the above arguments, this paper’s contribution to existing literature is twofold. Firstly, it is the first time to explore the impact of policy orientation for the construction of new energy demonstration cities on the city’s ECP. In the evaluation process, not only is the ECP index (ECPI) of 182 prefecture cities in China used for measuring the ECP level of each city, which is calculated by the non-radial directional distance function (NDDF), but also the impact effect and robustness test of the new energy demonstration city policy on ECP are analysed by Propensity Score Matching (PSM) and Difference-in-Difference (DID) methods, in order to overcome the endogenous problems and selection bias. It provides a factual reference for gradually promoting the pilot construction of new energy demonstration cities and improving the performance of urban ECP. Secondly, it establishes a mediating effect model to explore the impact mechanism of new energy demonstration city policy on ECP improvement from the perspective of urban technological innovation, so as to provide reference for further optimising the construction path of new energy demonstration cities.
The structure of the paper is as follows. Literature review and research assumptions are described in Section 2. Section 3 introduces the measurement model and variable selection. Section 4 shows and analyses the empirical results. Section 5 verifies the mediating effect of technological innovation. Section 6 explores the heterogeneity of policy effects across regions. Section 7 summarises the main conclusions and policy recommendations.
2 LITERATURE REVIEW AND RESEARCH HYPOTHESIS
2.1 Literature Review
Energy-carbon (energy and carbon dioxide emission) performance is the production relationship ratio of minimum energy consumption, carbon dioxide emission, and maximum economic output without increasing labor and capital input (Zhu and Lin, 2021). It is calculated by combining concurrent energy consumption and CO2 emissions (Chen and Lin, 2020). By studying existing research, it is found that the literature on ECP mainly involves three research perspectives. First, ECP is measured by different theoretical models. Zhou et al. (2012) proposed a NDDF model to measure the ECP of power generation in 126 countries. Related scholars used this model to measure the ECP of China’s construction sectors (Chen et al., 2019), manufacturing sectors (Lin and Chen, 2020), mining sectors (Zhu and Lin, 2021), agricultural sectors (Fei and Lin, 2017), and commercial sectors (Wang and Lin, 2018). Wang et al. (2013) used a range-adjusted model (RAM) to assess China’s provincial energy and carbon performance. Ding et al. (2020) proposed a constrained performance index model (CPIM) to measure the ECP of 30 provinces and cities in China. Wang et al. (2017) assessed the ECP of 18 APEC’s countries by constructing non-parametric global production technology exhibiting variable returns to scale and a non-radial directional distance function model. Choi et al. (2012) used the SBM-DEA method to estimate the efficiency and abatement costs of energy-related CO2 emissions in China. Iftikhar et al. (2018) used the network DEA (NDEA) method to estimate the ECP of the world’s 19 major economies. Second, the impact mechanism of energy-carbon performance is explored from different perspectives. Chen and Lin (2020) analysed the static and dynamic ECP of China’s non-ferrous metal industry based on NDDF model, and found that technological innovation is the most significant factor driving ECP. Lin and Wu (2020) measured the ECP of China’s iron and steel industry based on NDDF. Their empirical results show that the driving factors to improve ECP are technical efficiency and technological progress. Lin and Zhou (2021a) found that internet development through industrial structure upgrading and technology diffusion, improves energy and carbon emission performances. Salehi et al. (2021) used the method of Life Cycle Energy Analysis (LCEA) to evaluate the energy and carbon efficiency of six luxury hotels in Iran. The study found that promoting renewable energy technology is an important way to achieve energy and carbon efficiency. Zhang et al. (2013) proposed a meta-frontier non-radial directional distance function (MNDDF) to measure ECP in the context of power generation in Korea, and found that ECP can be improved by promoting technological innovation. Third, the impacts of relevant policies on ECP are studied. Chen and Lin (2021) measured the energy-carbon performance index of 26 provinces in China by constructing NDDF. Their results showed that a carbon emission trading scheme can significantly improve ECP. Wu and Lin (2022) found that the intensity of environmental regulation inhibits the improvement of energy-environmental performance, and environmental regulation affects the industrial energy-environmental performance through technological innovation. Lee (2021) used the NDDF-based Meta frontier Malmquist–Luenberger (MML) index model to measure the CO2 emission performance of the Korean manufacturing industry. The results show that the emissions trading scheme (ETS) regulatory policy can effectively promote the improvement of CO2 emission performance, but it cannot show that it is the best path to achieve a carbon neutral economy. Iftikhar et al. (2016) used the SBM-DEA method to estimate the ECP of 26 major economies in the world, and the study showed that economies that implement carbon tax policies can improve their ECP.
The development and utilisation of new energy has positive externalities and public characteristics. Affected by capital, technology, and other factors, market subjects have little initiative in the development and utilisation of new energy. New energy belongs to the market failure field in many aspects and needs the macro-control of government policies. As a method of government macro-control, new energy demonstration cities have played a significant role in the development and utilisation of new energy and technological innovation. It can effectively alleviate the problem of urban energy shortage and control fossil energy consumption and carbon emission (Dingbang et al., 2021). Yang X. et al. (2021) found that the new energy demonstration city policy can significantly decrease environmental pollution through the technological innovation effect, the structure effect, and the resource allocation effect. Among them, one of the strongest effects is the technological innovation effect, followed by the resource allocation effect and the industrial structure effect. Based on the research of new energy demonstration city construction, Wu et al. (2018) found that local governments need to promote the implementation of national energy transition policies in energy transition.
Through the review of existing literature, most use NDDF to measure ECP, which lays an important theoretical and methodological foundation for the study of ECP in this paper. At the same time, relevant researchers studied the policy benefits brought by the new energy demonstration city policy from the perspective of economic development and environmental pollution. Existing research did not explore the policy-oriented effect and influence mechanism of the construction of new energy demonstration cities from the perspective of ECP. In view of that, this study takes the new energy demonstration city policy as research object to measure ECP based on the NDDF. Additionally, the impact of the new energy demonstration city policy on the ECP and its path relationship were empirically tested.
2.2 Research Hypothesis
Policy orientation is essential to realise the green and low-carbon development of energy economy. As a comprehensive policy orientation, the pilot construction of new energy demonstration cities can realise the high-quality development of a new energy industry driven by these preferential policies and target requirements. New energy demonstration cities, through new energy industry development planning, set a new energy capacity target and encourage green and low carbon technology development, setting up a national research centre for new energy technology and application, so as to advancing the urban energy structure optimisation and urban industrial transition and upgrading (Wu et al., 2018). It can also accelerate the replacement of traditional fossil energy and reduce carbon emissions. Finally, it would indirectly promote ECP improvement. The government’s supporting policy direction can encourage the market to adjust its own production behaviour and strengthen the R&D and application of low-carbon technologies such as wind power, photovoltaic power generation, and electric vehicles. It can effectively reduce the fossil energy consumption in social production and operation, obtain policy subsidies, and improve its own income. Meanwhile, under the target constraint of new energy consumption, new energy demonstration cities restrict the energy consumption of market subjects to promote the improvement of ECP by eliminating high energy consuming industries and enterprises, increasing investment in new energy technology innovation, and improving the market access threshold. Accordingly, this paper puts forward hypothesis H1:
H1: The new energy demonstration city policy has a significant positive impact on improvement of ECP.
Policy support is crucial to technological innovation (Samant et al., 2020). First of all, government orientation can stimulate the output and input of technological innovation of high-tech enterprises, strengthen research on basic science and technological knowledge to promote the technological frontier, accelerate the development and utilisation of green energy technology, and enhance the technological innovation ability of enterprises (Szczygielski et al., 2017). Meanwhile, with the rapid development of technological innovation, the cost of new energy development has been reduced and the internal driving force for enterprises to carry out independent innovation and improve business efficiency has been increased. The second, the construction of new energy demonstration cities has target requirements for the utilisation of renewable energy such as solar energy, biomass energy, and wind energy, which urges the government to take certain policies and measures to strengthen the elimination of enterprises relying on traditional energy. Meanwhile, the rising cost of traditional fossil energy consumption and the potential cost of carbon emissions have exerted enormous external pressure on market players, prompting enterprises to increase technological innovation. Accordingly, this paper puts forward hypothesis H2:
H2: The new energy demonstration city policy has positive influence on technological innovation.
Energy is not only the driving force of economic output, but also the source of carbon emission pollution (Ding et al., 2020). Technological innovation driven by green and low-carbon energy demand, government intervention, and economies of scale is the key factor to promote the development of renewable energy (Dodd et al., 2018). Through the innovation of new energy technology, the new energy supply capacity of the city can be improved to meet the energy demand (Lewis, 2010). Technological innovation can also improve energy efficiency and the proportion of low-carbon energy utilisation to optimise the energy structure (Yang X. et al., 2021). By adopting new energy technologies to improve energy efficiency, it is possible to replace highly polluting energy, reduce energy use per unit of economic output, and reduce carbon emission pollution per unit of energy use, ultimately improving ECP. Accordingly, this paper puts forward hypothesis H3:
H3: Technological innovation has a positive impact on ECP.
Policy orientation is a kind of government behaviour whose fundamental purpose is to support economic and social progress with high-quality energy development (Zingher and Flynn, 2019). In the context of a dual-carbon target, the policy orientation of new energy demonstration cities is an important driving force to promote green technology innovation and achieve energy-saving and low-carbon development. Combined with the logical causality among H1, H2, and H3, this study assumes that technological innovation plays a mediating role between the new energy demonstration city policy and ECP. Therefore, the following hypotheses are proposed:
H4: Technological innovation plays a mediating role between new energy demonstration city policy and ECP.
3 MODELS AND VARIABLES
3.1 Econometric Model
The implementation of the new energy demonstration city policy can be regarded as a quasi-natural experiment exogenous to the energy economic system. However, because the selection of the new energy demonstration city is not completely random, there are certain endogenous problems. The DID method is currently the mainstream method for evaluating policy effects. DID can solve the endogenous problem and alleviate the problem of omission variable bias, but it still has the problem of selection bias (Wang and Qiu, 2021; Yang D. et al., 2021). Econometric economists represented by Heckman (1976), Rosenbaum, and Rubin (Chung et al., 1997) proposed the Propensity Score Matching (PSM) method, which eliminate the problem of selection deviation. Combining the advantages of DID and PSM, this paper performs Propensity Score Matching on panel data before implementation of the policy, and makes a DID regression on panel data after matching. In order to keep the data stable and eliminate heteroscedasticity, all variables are treated with logarithm. Based on the above analysis and research hypothesis H1, the benchmark regression model is established as follows:
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[image: image] represents the logarithm of ECPI of city [image: image] in period [image: image]. [image: image] represents the individual dummy variable of research cities. [image: image] represents the time dummy variable. The multiplier term [image: image] represents whether the research city has implemented the new energy demonstration city policy. [image: image] represents the net effect of new energy demonstration city policy on ECP. [image: image] represents the logarithm of the control variable. [image: image] and [image: image] are individual fixed effect and time fixed effect respectively. [image: image] is the random perturbation term.
In addition, in order to test whether the policy orientation for the construction of new energy demonstration cities will indirectly affect urban ECP through technological innovation, this paper draws lessons from the design of the three-stage mediating effect model by Baron and Kenny (1986) and the phased regression method. The first stage is to test whether China’s new energy demonstration city policy is conducive to improving ECP, with ECPI as the dependent variable and the new energy demonstration city policy as the independent variable. The model is consistent with the benchmark regression model. The second stage is to take technological innovation as the dependent variable and the new energy demonstration city policy as the independent variable to test the impact of the approved new energy demonstration city pilot on urban technological innovation ability. In the third stage, ECPI is taken as the explained variable and technological innovation is taken as the explanatory variable to test the impact of technological innovation on ECP (Chen S. et al., 2020). Based on research hypotheses H2 and H3 and the idea of the mediating effect model, this paper sets the mediation effect model as shown in Eqs 2,3.
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In the above two equations, [image: image] represents the logarithm of technological innovation. If the policy orientation of new energy demonstration city construction affects city’s ECP by affecting technological innovation, then the coefficients [image: image] and [image: image] should be significant. If the sign of [image: image] is consistent with [image: image], the mediation effect of the policy orientation of new energy demonstration city construction on ECP by affecting technological innovation is [image: image]. If the sign of [image: image] is opposite to [image: image], the suppression effect of the policy orientation of new energy demonstration city construction on ECP by affecting technological innovation is [image: image], meaning the indirect effect of technological innovation has concealed the real impact of policy orientation on ECP to a certain extent.
Moreover, in order to test whether the mediating effect of technological innovation is full mediating effect, namely whether the influence of policy orientation on ECP is still significant after controlling the indirect effect of technological innovation, this paper further constructs a regression model with ECPI as dependent variable. Multiplier term [image: image] and intervening variable TI are included in a comprehensive equation (Li and Yang, 2018):
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If both [image: image] and [image: image] are significant, the technological innovation shows a partial mediating effect. Namely, the policy orientation of new energy demonstration city construction has both direct impact on ECP and indirect impact on ECP through technological innovation. It shows that on the precondition of controlling the direct impact of policy orientation on ECP, the adjusted indirect effect is [image: image]. If [image: image] is not significant, it is a full mediating effect.
3.2 Samples and Data
When some cities create new energy demonstration cities, they only set up a county or district within the urban area as pilot cities; For example, Beijing has set up Changping District as a pilot new energy demonstration city. As this study employs the data of prefecture-level cities to study the policy effect, the sample cities of county-level cities and districts are excluded to ensure the reliability of the research results. Base on the availability of data, only the first batch of new energy demonstration cities published by China’s national energy administration in 2014 were selected as the research object of policy implementation effect. The sample in this paper includes 2,366 observations in 182 cities in China from 2005 to 2017, of which the treatment group consists of 38 cities and the control group consists of 144 cities. All data comes from the Chinese Urban Yearbook from 2005 to 2017 and the statistical yearbook and statistical bulletin of each city. The missing values of a few variables in individual years are supplemented by the interpolation method.
3.3 Variable Description
3.3.1 Explained Variables
Zhou et al. (2012) proposed a NDDF method to measure the ECP of electricity generation in different countries. On this basis, Zhang et al. (2014) proposed a common frontier NDDF approach to measure the power generation industries’ energy and carbon efficiency. They also analysed the size control policy’s impact on efficiency of China’s fossil fuel power generation. NDDF has been widely used for it can effectively solve the problem that all input and output factors change in the same direction (Liu et al., 2020). For example, Chen et al. (2019) used the NDDF method to measure the ECP of China’s construction industry. Therefore, this paper establishes a NDDF model to measure ECP.
In the empirical part, the 182 studied cities are treated as research objects. Take labour force(L), contain capital(K), and total energy consumption(E) as input elements, GDP of each city as desirable output, and carbon dioxide emission of each city as undesirable output. Based on the research of Lin and Zhou (2021b), the set production technology form is as follows:
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In reference to Zhou et al. (2012), the NDDF is defined as:
[image: image]
Where [image: image] represents the direction vector in output and input; [image: image] represents the slack vector; [image: image] is the weighted matrix related to input or output. In the evaluation of ECP, there is substitution between input elements, and the dilution effect of capital and labour needs to be eliminated (Lin and Zhou, 2021b). To test pure ECP, we eliminate the weights for capital(K) and labour force (L) (Zhu and Lin, 2021), so we define [image: image] and [image: image]. Therefore, the corresponding slack vector is [image: image]. The above NDDF can be optimised by the following linear programming equation:
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The optimal solution [image: image] is obtained based on Eq. 7, and the ECPI is further solved. The ECPI calculation formula is as follows:
[image: image]
In the process of measuring ECPI, the average number of employees is selected in each city to measure the level of labour force(L). Considering data availability at the city level, total energy consumption (E) is measured by the total urban energy consumption from Beijing Digital Huitong Environmental Technology Research Institute (Data Service Network, 2021). The stock of fixed capital is used to measure Capital. The calculation is: [image: image], where [image: image] and [image: image] represent the capital stock of period j city in t year and t-1 year respectively (Sun et al., 2021) and [image: image] represents the fixed capital depreciation rate. Capital depreciation rate [image: image] refers to 10.96% adopted by Shan (2008). [image: image] represents the investment quota (Wang et al., 2021). The urban GDP as the desirable output is used. Take 2005 as the base period for calculation. Carbon dioxide emission (C) adopts the result data estimated by Chen J. et al. (2020) based on particle swarm optimisation-back propagation algorithm.
3.3.2 Explanatory Variables
The multiplier term [image: image] between city individual dummy variable [image: image] and time dummy variable [image: image] is an explanatory variable, which is used to indicate whether the studied city has implemented the new energy demonstration city policy. [image: image] represents the individual dummy variables of 182 sample cities, making [image: image] equal to 1 for 38 cities (treatment group) such as Xingtai and Zhengzhou that implemented the new energy demonstration city policy in 2014, and [image: image] equal to 0 for 144 cities (control group) such as Tianjin and Tangshan that have not implemented the policy. Similarly, after the implementation of the new energy demonstration city policy, [image: image] is assigned to 1, and is 0 otherwise.
3.3.3 Mediator Variables
Technological innovation (TI) is the key to improving ECP. With improvement on the scientific and technological level, new energy and green production technologies are innovated and energy utilisation efficiency is improved. The large-scale use of new energy can reduce carbon dioxide emission and promote the improvement of ECP. The input of scientific and technological talents is an important source of promoting technological development and an important embodiment of technological innovation ability. Therefore, in this paper, the proportion of scientific research, technical service, and geological exploration employee to year-end employee at the end of the year is used to measure the city’s technological innovation ability (Qu et al., 2020).
3.3.4 Control Variables
ECP is also affected by many factors. Studies have shown that the increase in the proportion of the tertiary industry and the secondary industry can indirectly reduce CO2 emissions by improving energy efficiency (Zhao et al., 2022). The introduce of foreign capital can not only bring advanced technology and capital, but also promote the improvement of energy efficiency (Pan et al., 2020). Namahoro et al. (2021) believes that renewable energy consumption and economic growth can effectively curb CO2 emissions. In addition, carbon sink resources and urbanization levels are also important factors affecting ECP (Teng et al., 2021; Liu et al., 2021). Based on the above research, this paper selects industrial structure (IND), urban economic development level (PGDP), urbanization rate (URBAN), foreign direct investment (FDI), and carbon sink resources (CSR) as control variables. The ratio of the added value of the tertiary industry to the added value of the secondary industry was adopted as the proxy variable of IND (Lin and Zhou, 2021b). For urban economic development level, the study is measured by GDP per capita (Wan et al., 2022). Urbanisation rate refers to the proportion of urban population to total population (Wan et al., 2022). This article measures foreign direct investment by the proportion of FDI to gross domestic product (Tan et al., 2021). Carbon sink resources are measured by the urban greening coverage of the studied city. The descriptive statistical analysis of each variable is shown in Table 1.
TABLE 1 | Descriptive statistics of raw data.
[image: Table 1]4 EMPIRICAL RESULTS AND ANALYSIS
4.1 Benchmark Regression Results Based on PSM-DID
4.1.1 Matching Effect Test
Firstly, PSM was conducted in 182 cities, including 38 processing cities and 144 control cities to eliminate the selection deviation and ensure the accuracy of DID analysis. Logit regression was used to calculate the propensity score of the sample. Finally, the economic development level, urbanisation rate, industrial structure, foreign direct investment, and carbon sink resources are used as the matching variable for 1:1 within the calliper of neighbour matching.
Figure 1 shows the kernel density map before and after matching between new energy demonstration cities (treatment group) and non-demonstration cities (control group). According to PSM matching results, sample cities of the experimental group and control group were basically matched. Before matching, there are great differences in the distribution of propensity scores between the experimental group and the control group. If the DID analysis is carried out directly, the policy effect may have the problem of sample deviation. Instead, we can find the city with the similarity in the control group, and then retain the urban individuals with overlapping tendency scores. After the above matching treatment, the probability distribution of tendency scores in the experimental group and the control group has basically tended to coincide. It shows no significant systematic error, which is meeting the common support hypothesis of the PSM model.
[image: Figure 1]FIGURE 1 | Kernel density distribution comparison of propensity score values before and after kernel matching.
In order to test the rationality of the selected matching variables, the balance test is carried out on the matched samples. Table 2 shows the balance test results. The standard error of most variable after matching is significantly reduced, and the absolute values of the standard deviation after matching are all less than 10%. The experimental group and the control group tend to be the same in all dimensions. To sum up, the selected variables and the overall sample size have passed the balance test. The selected matching variables and matching methods are appropriate, which shows matching results are reliable and effective.
TABLE 2 | Match balance test results.
[image: Table 2]4.1.2 Regression Results and Analysis
Table 3 is the benchmark regression results of Eq. 1. Models (1) and (2) are DID regression results without propensity score matching, while Models (3) and (4) present a control group with similar characteristics to the experimental group through PSM. DID is then used to estimate the net effect of the policy orientation of new energy demonstration city construction on the improvement of urban ECP. Models (1) and (3) are regression models without added control variables, while Models (2) and (4) are regression models with added control variables. Through the Hausman test, it is determined that the regression model adopts the fixed effect model.
TABLE 3 | Regression results of benchmark model.
[image: Table 3]The regression coefficients of the four models’ explanatory variable ([image: image]) are significantly positive. The value and significance level of the key coefficients change little, and the test with a significance level of 10% was passed, indicating that the regression results are robust and the estimation results are reliable and effective. The regression coefficients of Models (2) and (4) with control variables are slightly smaller than those of Models (1) and (3) without control variables. The [image: image] is improved, and the coefficients of control variables have all passed the test of significance level of 10%, which shows that the selected control variables are important variables that affect energy carbon performance. Compared with DID regression Models (1) and (2), the DID regression Models (3) and (4) processed by PSM kernel matching have increased [image: image]. And the regression fitting effect is better, which indicates that PSM-DID estimation results can truly reflect the effect of policy implementation.
It can be seen from Model (4) that the coefficient of the multiplier term ([image: image]), representing the effect of policy implementation, is significantly positive at the level of 10%, proving that China’s new energy demonstration city policy has a significant positive impact on urban ECP. Compared with the cities unapproved for new energy demonstration, the urban ECP of the pilot new energy demonstration cities has increased by about 2.40%, indicating that the policy orientation of the construction of new energy demonstration cities has significantly improved the urban ECP. Hypothesis H1 has been verified. This is mainly due to the fact that approved new energy demonstration city pilots can enjoy special policies and financial support from the central to municipal governments, which has incomparable advantages over non-pilot cities. These advantages will be transformed into the driving force for green and low-carbon development of urban energy and promote the improvement of ECP. Meanwhile, an approved new energy demonstration city is conducive to creating a good new energy industry development environment, which includes enhancing the development and utilization of urban advantageous resources, changing urban production and lifestyle and making a significant impact on urban economic and social development, such as photovoltaic and hydropower. In addition, the new energy demonstration city policy can support enterprises in the development and utilisation of wind power, geothermal energy, and other green energy technologies from the aspects of taxation and policies. It is helpful for enterprises and related research institutions to reduce the R&D investment risk of green renewable energy technology, and then promote the high-quality development of new energy industry. It can accelerate the application of new energy and improve the urban renewable energy supply capacity. In this way, it can optimise the consumption structure of urban energy and reduce emission of carbon dioxide and other pollutants. Ultimately, the energy carbon performance is improved.
Industrial structure, economic development level, urbanization level and foreign direct investment can promote the improvement of ECP, which shows that new energy demonstration cities can promote the improvement of ECP through the channels of industrial transformation and attracting foreign direct investment with the support of the dual policies of the central and local governments, so as to provide a steady source of endogenous growth power for the improvement of ECP. However, improvement of the urbanisation rate can inhibit the improvement of ECP. The possible reasons are that, with the development of urbanisation, forest carbon sink resources are continuously reduced, and environmental pollutants such as carbon dioxide generated by energy consumption are continuously accumulated, resulting in “crowding effect”. Thus, it will inhibit the improvement of urban ECP. Another potential reason is that promoting urbanisation requires large-scale infrastructure and housing construction, which indirectly promotes the development of industries such as real estate, construction, automobile, and household appliances. This also promotes urban energy consumption and CO2 emission, and reduces ECP. Therefore, more attention should be paid to high-quality urbanization in the construction of new energy demonstration cities.
4.2 Robustness Checks
4.2.1 Placebo Test
The regression results of the DID method are often disturbed by some omitted variables, resulting in the deviation of the operation results. In order to eliminate the interference of all omitted variables, this paper randomly selected pilot cities to conduct a placebo test (Li et al., 2016). Specifically, random sampling was conducted 1,000 times in 182 prefecture-level cities. 38 sample cities were randomly selected from each sampling as the virtual experimental group, and the remaining 144 cities were used as the virtual control group for regression according to Eq. 1 (Shi and Li, 2020). As shown in Figure 2, the absolute value of the T value of regression coefficient in most virtual experiments is within two and follows normal distribution, indicating that the new energy demonstration city policy has no significant effect in these 1,000 virtual experiments. Therefore, through the placebo test of the virtual experimental group, the conclusion of this study verifies again that the influence of new energy demonstration city policy on ECP has little causal relationship with other unknown variables.
[image: Figure 2]FIGURE 2 | Placebo test kernel density distribution.
4.2.2 Test for Assumption of Parallel Trend
Satisfying the parallel trend hypothesis test is an important premise of the DID model. This paper refers to the research of Qu et al. (2022) and Xiao et al. (2022) to test the parallel trend hypothesis. Specifically, by constructing a set of annual dummy variables [image: image], and taking 2014 as the time node, the dummy variables ([image: image] ∼ [image: image]) for the 4 years before the policy are generated, and after the policy is implemented the 3 years dummy variable ([image: image] ∼ [image: image]) and the dummy variable of the policy implementation year ([image: image]). In order to avoid multicollinearity, the data of the year before the policy implementation ([image: image] = 2013) were deleted. Multiply [image: image] and du to generate the multiplier term [image: image], which is estimated using Eq. 9. If the multiplier term is not significant before the policy is implemented and the multiplier term is significantly positive after the policy is implemented, it means that parallel trend assumption is satisfied. The parallel trend test results are shown in Figure 3.
[image: image]
[image: Figure 3]FIGURE 3 | The Results of the parallel trend test.
According to Figure 3, before the policy was implemented, the regression coefficient value of [image: image] fluctuated around 0 (90% confidence interval included 0 value), namely there was no significant difference between the treatment group and the control group before the policy was implemented; At the same time, the regression coefficients after the implementation of the policy are all significantly positive at the 10% significance level, so it can be shown that the ECP level satisfies the parallel trend assumption.
4.2.3 Counterfactual Test
In order to eliminate the interference of other policies and unobservable omitted variables on the policy orientation effect, and further support the causal effect of benchmark regression in this paper, the time of the new energy demonstration policy is simulated to years before 2014. And on this basis, the regression estimation of the benchmark model is carried out to conduct a counterfactual test (Zheng et al., 2021). The premise of the DID method is that the experimental group and control group sample are comparable, that is, if there is no new energy demonstration policy, the ECP of the experimental group and control group cities will not show significant differences over time. In order to verify this premise, the time of policy impact was successively advanced to 2013 and 2012 to conduct tests consistent with benchmark regression. According to the counterfactual test results in Table 4, when the time of policy implementation is advanced to 2013 or 2012, the coefficient of [image: image], the key multiplier term of policy pilot effect, is not significant. It shows that before the base year 2014, the new energy demonstration city policy has no significant impact on the ECP of the experimental group and the control group, which means that the actual policy pilot year can significantly improve ECP, which also verifies the robustness of the benchmark regression.
TABLE 4 | Counterfactual test.
[image: Table 4]4.2.4 Superposition Policy Test
In order to promote the sustainable development of energy economy, the Chinese government has introduced a number of Energy Conservation and Pollution Emissions Reduction policies, such as carbon emission trading pilot policy and low-carbon city pilot policy. The relevant policy orientation also plays a significant role in ECP. In order to accurately identify the effect of policy orientation, it is necessary to exclude the interference of other policies. Therefore, this paper introduces the low-carbon city pilot and carbon emission trading pilot into the benchmark model, and sets the multiplier term (Low carbon) between the low-carbon city and the implementation time (Hong et al., 2021), and the multiplier term (Carbon trading) between the carbon emission trading pilot city and the implementation time as the control variables respectively. The benchmark regression results after introducing these dummy variables of regional policies are shown in Table 5. Among them, Model (9) and Model (11) only contain policy variables. Model (10) and Model (12) further introduce control variables. It can be found that after adding other policy variables, the estimation coefficient of the interaction term of the new energy demonstration city is still significantly positive, showing that the conclusion of this paper is still robust after considering the above policy interference.
TABLE 5 | Superposition policy test.
[image: Table 5]5 MEDIATING EFFECT TEST
According to the previous discussion, the policy orientation may have an impact on ECP through technological innovation channels. This paper identifies the impact mechanism of technological innovation based on the mediating effect test model of Eqs 1–3. It then uses Eq. 4 tests to determine whether the technological innovation effect is a full mediating effect. As mentioned above, through the regression estimation and robustness test of the benchmark model in Eq. 1, it is proved that the mediating effect in the first stage is tenable. In order to further test the mediating effect, regression was carried out for Eqs 2,3. Table 6 lists the results of the impact mechanism test. The regression results of Model (13) and Model (14) show that the regression coefficients of the new energy demonstration city policy on urban technological innovation are significantly positive at the confidence level of 1%, indicating that policy orientation effectively promotes urban technological innovation, and hypothesis H2 is confirmed. The possible reasons may include: 1) technological innovation has a sustained driving force for the development of new energy industry and economic growth. 2) local governments have full enthusiasm for technological innovation and increased the guarantee for innovation investment, talent support, and infrastructure construction. 3) the construction of new energy demonstration cities can form an industrial agglomeration and demonstration effect, which plays a key role in promoting technological innovation.
TABLE 6 | Mediating effect test results.
[image: Table 6]This paper brings the new energy demonstration policy and technological innovation into the model at the same time to further test whether the mediating effect of technological innovation is a full mediating effect, which is regression to Eq. 4. Models (17) and (18) in Table 6 are the regression results after controlling the indirect impact of technological innovation, showing that the impact of policy orientation on urban ECP is still significantly positive. The regression coefficient of policy effect is slightly smaller than that of Model (4) in Table 3, which further proves that technological innovation does exist as a mediating effect. The adjusted mediating effect is 0.0031, accounting for 12.92% of the total effect. Under the premise of controlling the indirect impact of technological innovation, the comprehensive effect of policy orientation on urban ECP of new energy demonstration cities is 0.0209.
6 HETEROGENEITY ANALYSIS
In this paper, 182 cities are divided into three regions in the east, middle and west according to their urban locations, and the regression estimation of Eq. 1 is carried out by region to investigate whether there are regional differences in the impact of approved new energy demonstration city construction on ECP. The regression results are shown in Table 7. During the sample period, the construction of new energy demonstration cities had a significant positive impact on the ECP of eastern and western cities, while the driving effect on central cities is not obvious. The central region is relatively rich in coal resources, and industries with high pollution and high energy consumption have long accounted for a large proportion (Cui et al., 2022). In recent years, it has continued to undertake industrial transfers in the eastern region. Limited alternative effect of new energy could not inhibit the continuing increase of energy consumption of industrial enterprises in the production process. Then it would increase traditional fossil energy consumption and carbon dioxide emissions. On the other hand, the construction of demonstration cities depends on the institutional environment and governance capabilities. A relatively poor institutional environment shows that the low efficiency of city’s resource allocation would reduce the enthusiasm of relevant entities to participate, and weaken the policy spillover effect of new energy demonstration cities. The western region has a relatively backward economy. It is relatively easy to carry out popularization projects for a single industrial structure and a low population density. These are conducive to the promotion and implementation of new energy demonstration city construction projects such as photovoltaic power generation, biomass biogas and straw power generation. And it could promote the large-scale development of the new energy industry, resulting in huge returns to scale; On the other hand, western cities are rich in natural resources such as sunlight and the Gobi Desert (land) (Wang and Yi, 2021), which provides safe and reliable green energy for urban economic production and greatly reduces the emission of pollutants such as carbon dioxide, which could significantly improve the ECP. The eastern region has a series of advantages, including more reasonable industrial structure, more diversified urban development, and more efficient government functions (Yang et al., 2022), which can attract high-tech talents, form a high-tech industry cluster and gather sufficient material and intellectual resources for the development of the new energy industry. Therefore, the enhancement of ECP is more obvious. However, the natural resources of the eastern cities are not as rich as those of the western cities, so the promotion effect on ECP is lower than that of the western cities.
TABLE 7 | Heterogeneity analysis results.
[image: Table 7]7 CONCLUSION AND RECOMMENDATION
Firstly, this paper analyses in theory that the policy orientation of new energy demonstration city construction may either directly affect the city’s ECP or indirectly improve the city’s ECP through technological innovation. By adopting the causal inference method of PSM-DID and the mediating effect analysis method, the direct effect of policy orientation on the improvement of ECP and the mediating effect of technological innovation are studied. The empirical results firstly show that the new energy demonstration city policy can significantly improve the ECP of the approved cities. This conclusion is still valid after passing the placebo test, parallel trend test, counterfactual test, and superposition policy test. Second, the policy orientation of new energy demonstration cities has both direct influence on urban ECP and indirect influence on urban ECP through influencing technological innovation, in which the mediating effect of technological innovation accounts for 12.92% of the total effect, which is a partial mediating effect. Third, the regression results show that external environmental variables also have a certain impact on ECP. Optimising industrial structure, improving economic development level, increasing carbon sink resources, and attracting foreign direct investment have significant impacts on China’s ECP. However, improvement of the urbanisation rate can inhibit the improvement of ECP. Through the heterogeneity analysis of cities in different regions, it is found that the construction of new energy demonstration cities presents the heterogeneity of geographical locations, and the pilot policies are more effective in driving eastern and western cities.
Finally, for improving the China’s ECP and accelerating the realization of the dual-carbon target, the following policy suggestions are put forward based on the research conclusions:
1) Fully promote the positive effect of the new energy demonstration city policy on ECP. In the critical period of the energy system transition from fossil fuels to new energy, the construction of new energy demonstration cities plays a positive role in enhancing the coordinated development of promoting ECP enhancement, new energy development, and urban energy self-sufficiency increasement. We should give full play to the leading role of new energy demonstration cities. The diffusion and trickle-down effect of new energy technologies in the construction of new energy demonstration cities should be utilised. Therefore, we should summarise and promote the advanced experience in the construction of new energy demonstration cities, improve the demonstration city selection system, continue to increase the support for demonstration city construction funds, talents and technologies, orderly expand the pilot scope, and give full play to the demonstration effect of pilot projects. At the same time, it is necessary to strengthen the supervision of the construction quality of the demonstration cities, ensure the construction quality of the demonstration cities, and actively promote the upgrading of urban energy system.
2) Cultivate new economic growth by virtue of the role of technological innovation in the new energy demonstration city policy, and exert the lasting and long-term influence of policy orientation on energy carbon performance by using the means of industrial transition and foreign direct investment. On the one hand, in the process of overall promotion and construction of new energy demonstration cities, local governments should adhere to the guidance of government policies. Technological innovation as the optimal path of economic growth can increase investment in scientific and technological innovation and the training reserve of innovative talents. It also can continuously optimise cooperation mechanism in the field of enterprise production and institution’s research. Scale effects are formed through the collection of innovative resources to further promote the improvement of urban innovation ability. On the other hand, more attention should be paid to the coordination of investment environment, industrial structure and construction of green and low-carbon urbanisation. Governments should build an industrial environment and investment environment conducive to the development and utilisation of urban new energy, and introduce international advanced technology and management experience. It also should give full play to the positive role of industrial structure optimisation. At the same time, when carrying out the construction of forest greening cities, governments should pay attention to the coordinated development of population urbanisation, green and low-carbon energy consumption, and ecological environment construction.
3) Promoting the construction of new energy demonstration cities according to local conditions. In view of the mechanism complexity for the policy orientation of the construction of new energy demonstration cities and the different characteristics of the cities, local governments should seize the location advantage and formulate support policies according to local conditions in the process of promoting new energy demonstration cities. Specifically, cities in the central region should speed up industrial transformation, rely on the construction of new energy demonstration cities to optimize urban resource allocation, increase support for high-tech talents and enterprises, improve government governance capabilities, and provide sufficient material and intellectual resources for the development of new energy industries. Therefor it could enhance the production capacity of renewable energy and optimize the urban energy consumption structure. Cities in the western region should make full use of natural resources and the effect of policy orientation to promote the high-quality development of the new energy industry. At the same time, it is necessary to continuously optimize the industrial structure, enhance regional innovation capabilities, and accelerate the construction of new urbanization. Cities in the eastern region should increase their efforts to attract foreign investment, introduce advanced foreign technology and experience, weaken their dependence on natural resources, increase investment in scientific and technological innovation, and realize the improvement of ECP through technological innovation and structural optimization.
This study has some limitations. Firstly, we included only one undesirable output, CO2 emissions, in our empirical analysis. In this regard, future research should consider a wider range of pollutants to better assess the policy-oriented effects of new energy demonstration city construction. Secondly, there is improvement possibilities in capturing policy spillovers. It should be further explored the causal relationship between geographic location, new energy demonstration city construction and ECP.
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