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Abstract

:

In order to promote the coordinated development of social and economic development and the natural environment, high-end equipment manufacturing (HEM) enterprises should promote the sustainable development of the green economy. In this process, HEM enterprises need to strengthen the green technology innovation ability and optimize the energy consumption structure. In this way, it will be beneficial to the sustainable improvement of HEM enterprise performance. On the basis of sorting out relevant research literature, this study uses structural equation modeling and hierarchical regression analysis to systematically study the impact of green technology innovation on the continuous improvement of HEM enterprise performance. Currently, there are many difficulties in the research of this paper, such as variable selection, index measurement, empirical testing process and so on. However, based on the success of previous academic research, this paper overcame the difficulties and completed this research. In this study, the energy consumption structure is an intermediary variable, and the government policy support is a moderator variable. A relationship model of the impact of green technology innovation on the continuous improvement of HEM enterprises’ performance is constructed. In addition, the author conducts a confirmatory analysis of the relationship between multiple variables. The conclusions of this study are as follows: (1) Green technology innovation has a significant positive impact on the performance improvement of HEM enterprises. (2) Energy consumption structure plays a partial mediating role between green technology innovation and enterprise performance improvement. (3) Government policy support regulates the relationship between green technology innovation and HEM enterprise performance improvement. That is to say that the stronger the government’s policy support for green technology innovation, the stronger the green technology innovation impetus of HEM enterprises, and the better the effect of HEM enterprise performance improvement.
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1. Introduction


With the continuous enhancement of social awareness of environmental protection, the competition among enterprises has emerged in a new development direction under the background of green economy [1]. With the continuous transformation of traditional industries and the rise of emerging industries, green production, green operation, and environmental protection have become new components of the global economy. As an important main body of a key industry, HEM enterprises have made great contributions to China’s economic development in recent years, while consuming a lot of energy and resources, causing major environmental pollution. Therefore, under the background of carbon peaking and carbon neutrality proposed by the Chinese government, in order to sustainably promote the harmonious interaction between economic development and natural environment, HEM enterprises must change their original products, production process and energy consumption structure. Furthermore, it will promote the commercialization and diffusion of green technology innovation to meet the needs of green economy and market development, thereby effectively improving operational performance. Technological innovation is the core force for a country to achieve innovation-driven growth. In addition, it is also an important determinant of economic development [2]. When the level of green technology innovation reaches a certain height, relevant entities can effectively predict the consumption structure of production factors such as energy [3]. This will help enterprises to formulate efficient management measures and promote the improvement of enterprise performance [4,5]. At the same time, manufacturing is the main body of China’s industrial economic development. The energy consumption of manufacturing enterprises accounts for nearly 95% of China’s total industrial energy consumption. Among them, compared with the terminal consumer goods manufacturing industry, HEM enterprises are responsible for providing technical high-end equipment for simple reproduction and expanded reproduction of the national economy. They consume the most fossil energy such as coal, and the energy accounts for the highest proportion of operating costs. Furthermore, the type of resource consumption determines the choice of innovation form. Carrying out green technology innovation can reduce environmental pollution and continuously improve corporate performance. At the same time, energy efficiency can be improved by developing the commercialization of green technology innovations. This helps to achieve carbon emission reduction goals. Therefore, green technology innovation by HEM enterprises is in line with the trend of global economic development. However, in previous studies by scholars, few scholars have studied the impact of HEM enterprise green technology innovation and energy consumption structure on the performance improvement of enterprises. Therefore, in order to extend the relevant research content, this paper will conduct in-depth systematic research on this issue. It is hoped that the research of this paper can scientifically reveal the role process of green technology innovation on enterprise performance improvement. Based on previous research, this paper attempts to use energy consumption structure as an intermediary variable and government policy support as a moderator variable to analyze the impact process of green technology innovation in HEM enterprises on enterprise performance improvement. This study can theoretically lay an important research foundation for future related scholars’ research. At the same time, the conclusions of this paper will also provide important references for enterprises or governments to make relevant decisions. This research will demonstrate important theoretical and practical implications.



The rest of this research is structured as follows: (1) Relevant literature will be sorted out, such as green technology innovation, the relationship between green technology innovation and the performance of HEM enterprises, etc. (2) This paper will put forward the content of the research hypothesis, and scientifically construct the theoretical model of this research. (3) The research methods part includes the data, and test the reliability and validity of the data. (4) The part of testing the relevant research results involving the test of the mediating effect of green production capacity and the adjustment effect of positive policy. (5) The final research conclusions and suggestions are proposed.




2. Literature Review


2.1. Research on Green Technology Innovation


After the concept of “innovation” was put forward by the famous economist Schumpeter, related innovation theories continued to appear. Breakthrough innovation and incremental innovation are the two main forms of organizational technological innovation, but the contribution of breakthrough innovation to organizational performance is far greater than the contribution of incremental innovation to organizational performance. Moreover, technological innovation has developed into an important measure for enterprises to improve total factor productivity, and achieve intensive development of economic growth by promoting technological progress [5]. At the same time, the technological innovation model forms a “double hump” model due to the different push-pull factors of technology and demand [6]. In addition, with the development of technological innovation theory, the theory of green technology innovation came into being. Green technology innovation is a breakthrough innovation for traditional energy technology based on renewable resource technology [7]. The innovation of energy technology stems from the fact that some companies want to control costs in the face of rising energy prices. They will also increase the research and development of energy-saving technologies, thereby improving energy efficiency [8]. Among them, developing countries need at least six elements if they want to introduce green technology from abroad, such as capital, technology, talents, information, management concepts, and culture. The relative impact of green energy technologies on the scientific niche of technological excellence is greater. With the gradual weakening of fossil energy development momentum, green energy technology is conducive to promoting the development of emerging economies [9]. From the research of many scholars in the world, it is not difficult to find that green technology innovation, as an innovation-driven model, has realized energy saving, environmental protection and harmonious development between man and nature in the process of manufacturing development.




2.2. Research on the Relationship between Green Technology Innovation and the Performance of HEM Enterprises


Research on the impact of green technology innovation on the performance of HEM enterprises. Green technology innovation of industries and enterprises has been an important booster for economic and social development. Green technology innovation could also continue to promote the continuous expansion of economic scale [10]. Green technology innovation is the biggest driving force for promoting sustainable economic development in the future. Continuous green technology innovation and the popularization of innovative outputs are conducive to improving enterprise performance [11]. At the same time, the green innovation of HEM enterprises, on the one hand, can broaden the original way of obtaining environmental benefits only through waste recycling by forming new development ideas. On the other hand, the green innovation can also form a “technical compensation” effect. It could help to promote the realization of high technology and reduce energy consumption in the production process of HEM enterprises. Furthermore, it also helps to improve the performance of HEM enterprises and the transformation of green innovation achievements [12]. In addition, in the context of environmental degradation and resource crisis, the HEM industry improves industrial performance through green technology innovation and realizes a green operation mode with low energy consumption and emissions [13]. However, from the perspective of endogenous economy, enterprises can improve energy efficiency by strengthening “hard” technological innovation and progress. They also improve their innovation performance with high efficiency and low energy consumption. At the same time, green technology innovation controls the carbon emission process of HEM industry and improves the utilization efficiency, and from the perspective of innovation process, it is pointed out that the performance of green technology innovation is expressed as green research and development performance, green manufacturing performance and green marketing performance [14].



Research on the role of government policies in the process of enterprise green technology innovation. Under the background of the transitional economy, most HEM enterprises are faced with adapting to the new environment based on technological innovation, and have a lot of interactions about government policy, institutional changes and the evolution of their own behavior, so as to improve the performance of HEM enterprises [15]. China’s HEM enterprises have many obstacles to green technology innovation. They are inseparable from the government’s policy support and guidance. Scholars generally believe that under the institutional environment, the government’s preferential tax policies can help encourage enterprises to increase investment in R&D innovation, thereby improving the performance of green technology innovation [16]. Moreover, the power source for HEM enterprises to carry out green technology innovation has several major characteristics. The fundamental is to pursue economic interests and competitive advantages. The product economy of green technology application can be better achieved in a green background. In terms of the impact of government policy regulation on green technology innovation of HEM enterprises, the government’s strict environmental control pressure and advocacy of green environmental behavior help HEM enterprises to adopt environmental innovation behaviors. It also effectively improves environmental and economic benefit [17]. In addition, China’s HEM industry has taken green innovation technology into its own strategic management. In addition, China is accepting green technology transferred from developed countries, which will help to improve enterprise performance [18]. In the existing empirical studies that affect performance, most scholars focus on more specific green technologies such as carbon capture and sequestration. Therefore, HEM enterprises are the research objects to study whether green technology innovation can affect enterprises if there is an impact on performance, and how it affects it, the results of this research have a great contribution to the improvement of the relevant theories of green technology innovation. Furthermore, it also plays an important reference role in promoting the green technology innovation of HEM enterprises.




2.3. Literature Review Summary


This study sorts out previous scholars’ research on green technology innovation and its impact on HEM corporate performance. At the same time, this paper also sorts out the research on enterprise energy efficiency, enterprise environmental benefit, enterprise performance, and green technology innovation performance of high-end equipment manufacturing enterprises. The related research results are abundant. However, with the dynamic changes in the internal and external environment of HEM enterprises, it is difficult to significantly improve enterprise performance by carrying out green technology innovation alone. Therefore, some scholars have begun to explore the marginal influencing factors of green technology innovation and HEM enterprise performance. The specific research gap is as follows:




	(1)

	
In terms of research perspective, scholars’ research on technological innovation and enterprise performance has been relatively mature, but there is little research on the green level. The only current research literature on green technology innovation is also limited to manufacturing enterprises specializing in green products. There is little research literature on how some HEM enterprises with high pollution, high energy consumption, and high carbon emissions carry out green technology innovation to achieve enterprise performance improvement.




	(2)

	
In terms of research focus, the results of green technology innovation were mainly studied from the perspective of economic growth of HEM enterprises in the early stage. Later, green technology innovation was studied in the form of breakthrough innovation and incremental innovation. Nowadays, the research on green technology innovation of HEM enterprises has begun to conduct international comprehensive research, and try to conduct systematic and comprehensive research. However, current scholars’ research in this area still lacks sufficient comprehensiveness.




	(3)

	
In terms of research methods, much existing literature uses econometric methods such as stage model and PVAR model, and select Chinese provincial panel data to empirically study the relationship between energy efficiency and operational performance of HEM enterprises. It focuses on the efficiency evaluation of green technology innovation performance, but does not test the exogenous factors that affect green technology and enterprise performance.




	(4)

	
In terms of research elements, the research scope of existing scholars is mostly limited to single-level factors, such as energy prices, environmental benefits, environmental regulation, competitive environment, technological progress of enterprises, energy efficiency, product characteristics, logistics outsourcing and so on. However, few scholars have integrated all levels of factors into one mechanism for research.









Therefore, in order to make up for the shortcomings of previous scholars’ research, this paper has carried out related research. Based on the research foundation of relevant scholars, this paper further studies the impact of green technology innovation of HEM enterprises on enterprise performance improvement with rigorous scientific thinking and innovative research ideas.



The innovation and marginal contribution of this paper are as follows: (1) This paper takes the green technology innovation theory as the starting point, takes China’s economic transformation as the research background, and selects HEM enterprises that pursue low-energy consumption, high-efficiency production and green operation as the main research objects are discussed. In addition, the impact of green technology innovation on enterprise performance improvement is also discussed. This research enriches the content of green technology innovation. (2) In the previous related research, few scholars can simultaneously unify the 3 variables of green technology, government policy, and energy consumption into a research system to analyze their impact on the performance of HEM enterprises. The research of this paper further expands and deepens the multi-layered mechanism of the impact of green technology innovation on enterprise performance improvement. (3) Based on China’s current economic situation, institutional environment and characteristics of manufacturing enterprises, this study constructs a mediated moderating model with energy consumption structure as the mediating variable and government policy support as the moderating variable. The establishment of this model has laid an important theoretical foundation for the related research of scholars in the future. (4) Using structural equation model and hierarchical regression analysis method to verify relevant theories and hypotheses, we analyze the impact of green technology innovation on enterprise performance improvement from different dimensions. According to the research results, relevant suggestions for improving the performance of HEM enterprises in the context of green economy are put forward.





3. Research Hypotheses and Theoretical Models


3.1. Assumptions about the Impact of Green Technology Innovation on Enterprise Performance


As a strategic orientation of enterprises, green technology innovation is the key to green production and operation [19]. Enterprise managers are also actively advocating green products and regard green indicators as another new criterion for enterprise performance evaluation [20]. For HEM firms to break through the relevant bottlenecks, it must improve green technology policies, strengthen green innovation teams, cultivate green technology talents, introduce external advanced green technologies, and explore the development path of green technology innovation [21]. In addition, enterprise performance is considered to be a multi-dimensional concept. Different studies use different measurement methods. Performance measurement indicators can be divided into financial indicators and non-financial indicators. The performance of HEM enterprises includes not only economic performance such as sales growth rate, profit margin, and return on assets, but also social performance such as providing jobs and stabilizing social order [22]. At the same time, there is a certain lag in the impact of enterprises’ R&D investment in green technology on business performance. Green technology innovation has a certain effect on environmental performance, and green process innovation can improve the competitiveness of enterprises by changing environmental performance [23]. Moreover, the participation of suppliers and customers in HEM enterprise green technology innovation has a significant positive impact on the continuous improvement of enterprise innovation performance [24].



In the current market economy environment that pays attention to greening, green technology innovation not only reduces the cost of environmental governance of enterprises in a sense, but also improves the quality of original products [25]. The stimulus brought by new technology and new use value to the consumer market will be reflected in the rapid expansion of the consumer market’s demand for products. The development of green economy affects the green consumption in the end consumer market. The green economy will also help HEM enterprises to continuously expand their green technology innovation advantages. At the same time, green technology innovation can also promote the continuous improvement of HEM enterprise performance [26]. Therefore, the author proposes the following hypothesis:



Hypothesis 1 (H1).

There is a positive correlation between green technology innovation and enterprise performance improvement.






3.2. Assumptions about the Impact of Green Technology Innovation on Green Production Capacity


Coal energy has become the main energy consumption resource that HEM enterprises rely on because of its low price, but coal cannot be converted into clean energy from a scientific point of view [27]. Therefore, with the reduction of fossil energy and non-renewable, the production cost of manufacturing will be higher and higher. Furthermore, most of China’s HEM enterprises use traditional production equipment, and their energy consumption is mainly based on coal and oil. Moreover, developing countries such as China play a key role in promoting green technology innovation, while manufacturing enterprises in developing countries are the main body to promote green and green technology innovation [28]. Changes in the energy mix can directly affect carbon dioxide emissions. If the energy consumption structure of the manufacturing industry is not optimized and reformed, it will directly lead to an increase in the proportion of coal-based fossil energy consumption and an increase in carbon dioxide emissions. Only by optimizing the energy consumption structure can carbon dioxide emissions be reduced [29]. In addition, the coal-dominated energy consumption structure of enterprises can only achieve substantial transformation through technological innovation. In turn, the transformation of energy consumption supply and demand structure further stimulates the sustainable development of green technology innovation [30]. Therefore, the author proposes the following hypothesis:



Hypothesis 2 (H2).

There is a positive correlation between green technology innovation and changing energy consumption structure.






3.3. Assumptions of the Impact of Green Production Capacity on Enterprise Performance


The carbon emission standards of manufacturing enterprises formulated by the government will bring a great burden to the production methods and costs of enterprises [31]. Quickly adapt to development needs in the early stage of market transformation, and adjust strategic countermeasures as quickly as possible. With the development of green economy, if HEM enterprises want to change the original fossil energy consumption structure and occupy a place in the new green manufacturing field, the most effective way is to develop clean energy and green technology applied innovation, and fundamentally change the energy consumption structure of HEM firms can achieve the purpose of reducing the cost of energy consumption. It would ultimately improve the performance of enterprises [32]. In addition, there is a significant one-way causal relationship from GDP to energy consumption. At the same time, most of the enterprises in the developed countries achieve the improvement of enterprise performance by adjusting the energy consumption structure and improving energy efficiency. A country’s green industry is weak, and the low fiscal power ratio of fossil fuels will restrict the actual green industry performance of domestic enterprises [33]. Manufacturing enterprises can continuously improve energy efficiency and operational performance by adjusting energy consumption structure, improving energy efficiency, and establishing energy management standards [34]. Therefore, the author proposes the following hypothesis:



Hypothesis 3 (H3).

There is a positive correlation between changing energy consumption structure and improving enterprise performance.






3.4. Assumptions about the Moderating Effect of a Positive Policy Environment


The pollution resistance measures of stakeholders promote the diffusion of green technology innovation to a certain extent. HEM enterprises actively develop environmentally friendly products under the government’s appropriate innovation incentive compensation measures, and take the road of lower energy consumption [35]. At the same time, compared with developed countries, China’s leadership in promoting enterprise green technology innovation is not strong enough. The investment in projects with high energy consumption and low production efficiency should be more strictly reviewed and controlled [36]. In order to vigorously promote the development of green technology in China, the government should take the lead, give full play to its guiding role and introduce private capital to form the main driving force for China’s green technology R&D [37]. In addition, in the process of promoting green technology innovation, government policies are irreplaceable roles [38]. Through preferential policies such as tax reduction and exemption, the government’s policy support can accelerate enterprise green technology innovation, and urge the establishment and formation of enterprise green-related systems, awareness and culture. Moreover, government policy guidance support has a significant positive impact on the green competitiveness of enterprises [39]. Based on economic, legal, environmental and other policy support, the government increases subsidies for green technology innovation enterprises, vigorously supports the development of clean energy projects, and provides support in project cooperation, technology development and financial support. Therefore, the desire of enterprises to transform from high-carbon energy consumption structure to clean energy consumption through green technology innovation will become stronger and stronger, and they are more willing to invest more R&D personnel and funds to enhance the output of green technology innovation, thereby affecting enterprise performance [40]. Based on the above analysis, the author proposes the following hypothesis:



Hypothesis 4 (H4).

Government policy support has a positive moderating effect on the relationship between green technology innovation and enterprise performance improvement.





Hypothesis 5 (H5).

Government policy support has a positive moderating effect on the relationship between green technology innovation and energy consumption structure.






3.5. Theoretical Model


The theoretical model of this study is shown in Figure 1. Green technology innovation has a direct impact on the performance improvement of HEM enterprises. At the same time, the green technology innovation behavior will also have a certain impact on the improvement of enterprise performance based on the intermediary variable of energy consumption structure. However, the important moderating variable of government policy support is also a vital variable worth considering. Government policy support will regulate the impact process of green technology innovation on enterprise performance improvement, and also regulate the impact process of green technology innovation on energy consumption structure. This theoretical model also puts forward the research hypothesis based on the conclusions of relevant research literature.



The specific research hypotheses are shown in Table 1.





4. Research Methods and Data


4.1. Research Method Design


The research purpose of this paper is to observe the impact of green technology innovation on HEM enterprise performance improvement. This study obtains the data with subjective evaluation characteristics provided by the respondents by designing a questionnaire. In addition, there are many scholars who use the subjective evaluation method in the empirical research on enterprise performance. Some scholars have confirmed its significant correlation with objective data [41,42,43]. Therefore, this research, similar to the scholars who use subjective evaluation methods, adopts the method of subjective evaluation of enterprise performance by middle and senior managers and related technical researchers to evaluate the enterprise performance level in this study.



The author collects data by means of a questionnaire survey. The survey respondents are set as middle-level and above managers and technicians in HEM enterprises who have a better understanding of the green technology innovation, energy consumption structure, government policy support and enterprise performance of the enterprise. In order to highlight the representation of the sample, the companies that the author chooses to investigate are mainly from the manufacturing industry of core high-end equipment products. These enterprises mainly manufacture aviation equipment, satellite equipment, rail transit equipment, marine engineering equipment, and intelligent manufacturing equipment. 410 copies of the questionnaire were distributed to HEM enterprises in Shanghai, Tianjin, Heilongjiang and other places in two forms: direct and indirect distribution. A total of 172 paper questionnaires were distributed directly to middle-level and above managers and technical personnel of the enterprises, and 161 copies were recovered. A total of 238 copies were sent to the mailboxes of enterprise managers and technicians by e-mail, and 205 copies were recovered. The recovery rate of the questionnaire reached 89.27%. After excluding invalid questionnaires, there were still 324 valid questionnaires. The effective rate of the recovered questionnaires was 88.5%. Questionnaire recovery is good. The nature and size distribution of the HEM enterprises involved are shown in Figure 2 and Figure 3. There are 81 state-owned enterprises, accounting for 25.0%, 85 private enterprises, accounting for 26.2%, 54 wholly foreign-owned enterprises, accounting for 16.7%, 58 joint ventures, accounting for 17.9%, and 46 other enterprises accounted for 14.2%. Among the personnel surveyed, 58 were enterprise executives, accounting for 17.9%, 59 were project managers, accounting for 18.2%, 83 were R&D personnel, accounting for 25.6%, 69 were technical management personnel, accounting for 21.3%, and 55 were other personnel accounted for 17.0%. In addition, in terms of the scale of HEM enterprises involved in this questionnaire, there are 143 large enterprises, accounting for 44.1%, 114 medium-sized enterprises, accounting for 35.2%, and 67 small enterprises, accounting for 20.7%.



The author adopts the method of issuing questionnaires to the middle and senior managers and technicians of HEM enterprises. This study makes self-evaluation on the operation of HEM enterprises based on the subjective perception of the subjects. The variable indicators are measured using the Likert 7-level scale to compare the company’s green technology innovation, energy consumption structure, enjoyment of government policy support and enterprise performance with major competitors in the same industry, ranging from 1 to 7. Furthermore, the scores range from completely disagree to completely agree. This research method is generally effective on the relationship between related variables. The scale design is shown in Table 2.




4.2. Data


Based on the previous theoretical and empirical research, the author uses SPSS22.0 and AMOS21.0 software to verify the theoretical model. The 4 latent variables in the model are green technology innovation, energy consumption structure, government policy support and enterprise performance. During the testing process, the fitness of the data and the normalization path were observed to measure the validity of the model. Based on a large number of mathematical statistics literature, the author determines the reliability and validity test index criteria and fitting index criteria, as shown in Table 3 and Table 4, respectively.



4.2.1. Reliability Test


The reliability test is to test the internal consistency of each variable in the model. The questionnaire used is the Likert 7-point scale. Therefore, Cronbach’s α value can be used as the reference value for reliability test for reliability analysis. The questionnaire scale includes 4 latent variables and 21 observed variables. First of all, the evaluation of the observation variables of the questionnaire is based on the CITC purification coefficient value to check whether the measurement items are reasonable. The author considers 0.4 to be an acceptable standard for purification measurement items. The reliability coefficients of 21 observed variables in the 4 latent variables were analyzed, respectively. It was found that the coefficients of the A4 item in the green technology innovation scale and the C6 item in the government policy support scale were lower than CITC > 0.4. Therefore, after deleting the 2 items A4 and C6, the spss22.0 software (IBM, Armonk, NY, USA) was used for calculation again. The test results are shown in Table 5. The Cronbach’s α coefficients of the 4 latent variables are finally between 0.830 and 0.999, all greater than 0.8. At the same time, the combined reliability CR values of the variables were between 0.79 and 0.82, all greater than 0.7. From the above test results, we can see that the questionnaire scale used in this paper has good reliability.




4.2.2. Validity Test


The validity test results are shown in Table 6. As can be seen from the table, the observed variable factor loading levels of each latent variable all exceed 0.6 and all reach a significant level, indicating that the latent variables all have good convergent validity. The correlation coefficients of other latent variables in Table 7 are all smaller than the square root of AVE in Table 6, indicating that each latent variable has good discriminant validity. The scales of each latent variable have passed the test of reliability and validity. Thus, the next step to test the hypothesis of the model can be carried out.



Based on the above analysis, it can be seen that the reliability and validity of the sample data have passed the test, which is in line with the conditions for the next empirical research.






5. Testing the Results of the Study


5.1. The Mediation Test of Green Production Capacity


In the first step, the energy consumption structure of the intermediary variable is not considered. Only the path coefficient of the explanatory variable green technology innovation and the explained variable enterprise performance is tested. The analysis results are shown in Figure 4.



As can be seen from Figure 4, χ2/df is 3.719 < 5; the values of GFI, CFI, IFI, and NFI are, respectively, 0.93, 0.92, 0.97, and 0.99, which are all greater than 0.9; RMSEA value 0.072 < 0.08, the results show that the model fitting degree is good. The model test results show that the standardized path coefficient between green technology innovation and business performance improvement is 0.316, which is significant at the 0.001 level. This means that there is a significant positive correlation between green technology innovation and the improvement of business performance. The path coefficient between green technology innovation and enterprise innovation performance improvement is 0.304, which is significant at the 0.01 level. This means that there is a significant positive correlation between green technology innovation and the improvement of enterprise innovation performance. Therefore, the hypothesis H1 is validated.



The second step is to test the standardized path coefficients of the independent variable green technology innovation and the intermediary variable energy consumption structure. The results are shown in Figure 5. χ2/df is 3.285 < 5; GFI, CFI, IFI, and NFI are, respectively, 0.95, 0.91, 0.92, and 0.95, which are all greater than 0.9; RMSEA value is 0.073 < 0.08. These results show that the model fitting degree is good. The model test results show that the standardized path coefficient between green technology innovation and energy consumption structure is 0.519, which is significant at the 0.001 level. Therefore, the hypothesis H2 is verified.



The third step is to test the standardized path coefficient of the intermediary variable energy consumption structure and the dependent variable enterprise performance improvement. The results are shown in Figure 6. χ2/df was 3.172 < 5; the index values of GFI, CFI, IFI, and NFI were 0.93, 0.92, 0.91, and 0.95, all exceeding 0.9. The RMSEA value was 0.062 < 0.08, which indicated that the model fit well. The model test results show that the standardized path coefficient between energy consumption structure and business performance improvement is 0.429, which is significant at the 0.001 level. The standardized path coefficient between energy consumption structure and enterprise innovation performance improvement is 0.417, which is significant at the 0.01 level. It shows that there is a positive correlation between energy consumption structure and enterprise performance improvement. Thus, the hypothesis H3 is verified.



Finally, the structural equation model is used to conduct a complete mediation test on the energy consumption structure of the mediating variable. The results are shown in Figure 7. χ2/df is 3.152 < 5. The index values of GFI, CFI, IFI, and NFI are 0.92, 0.91, 0.95, and 0.98, respectively. All are greater than 0.9, which is close to the ideal value of 1. The RMSEA value was 0.075 < 0.08, which indicated that the model fit was good. The test results show that the regression standardization path coefficient of business performance improvement to green technology innovation is 0.302 < 0.316, which is significant at the 0.001 level, and the regression standardization path coefficient of enterprise performance improvement to green technology innovation is 0.296 < 0.304, which is significant at the 0.01 level. It can be seen that the impact of green technology innovation on the improvement of enterprise innovation performance is greater than the impact on business performance. As an intermediary variable, energy consumption structure plays a partial mediating role in the relationship between green technology innovation and enterprise performance improvement. It also can be seen that the indirect impact of green technology innovation on business performance improvement through the mediating role of energy consumption structure is greater than the direct impact (0.513 × 0.427 = 0.219 > 0.204). It means that energy consumption structure plays a partial mediating role in the relationship between green technology innovation and the improvement of business performance. The indirect impact of green technology innovation on the improvement of enterprise performance through the mediating role of energy consumption structure is greater than the direct impact (0.513 × 0.412 = 0.211 > 0.193), indicating that energy consumption structure plays an intermediary role in the relationship between green technology innovation and enterprise performance improvement.




5.2. Test of the Moderating Effect of Positive Policy Environment


	(1)

	
Hierarchical regression analysis of the moderating effect of government policy support in the relationship between green technology innovation and enterprise performance improvement. First, as shown in Table 8, model 1 takes the improvement of business performance as the dependent variable. It introduces the independent variable green technology innovation. In the regression results, we can see that green technology innovation has a significant positive impact on business performance at the level of p < 0.001. The hypothesis H1 is further verified to some extent.







Secondly, on the basis of Model 1, the government policy support is introduced as a moderator to construct Model 2. The regression results show that the regression coefficient of the moderator variable government policy support is 0.481, which is significant at the p < 0.01 level. Then, the product term of green technology innovation and government policy support is introduced into Model 3. The regression coefficient of the interaction term for the enterprise performance improvement is 0.232, which is significant at the p < 0.001 level. At the same time, R2 increased from 0.390 to 0.472, and the overall explanatory power of the model gradually increased. It shows that government policy support has played a positive moderating role in the relationship between green technology innovation and the business performance improvement. Hypothesis H4 has been verified to a certain extent. In the same way, model 4 takes enterprise innovation performance as the dependent variable and introduces the independent variable green technology innovation. In the regression results, green technology innovation has a significant positive impact on enterprise performance at the level of p < 0.05. The hypothesis H1 is verified again.



Finally, on the basis of Model 4, the moderator variable government policy support is introduced to construct Model 5. The regression results show that the regression coefficient of the moderator variable government policy support is 0.729, which is significant at the level of p < 0.01. Then, green technology innovation is introduced into Model 6. The product term of the product term and government policy support, the regression coefficient of the interaction term for the enterprise performance improvement is 0.244, which is significant at the level of p < 0.001. At the same time, R2 increases from 0.483 to 0.591. The overall interpretation of the model is gradually strengthened, indicating that government policy support is in green technology. The relationship between innovation and the enterprise innovation performance improvement has played a positive moderating role. Thus, the hypothesis H4 is validated.



	(2)

	
Hierarchical regression results analysis of the moderating effect of government policy support in the impact of green technology innovation on energy consumption structure. The regression results are shown in Table 9. Model 7 takes the energy consumption structure as the dependent variable and introduces the independent variable green technology innovation for regression analysis. The regression coefficient was 0.417, which was significant at the p < 0.05 level, further validating the hypothesis H2. Then, on the basis of the first step, the moderator variable government policy support is introduced to construct Model 8. The regression results show that the regression coefficient of the moderating variable government policy support is 0.690, which is significant at the p < 0.001 level. It shows that the government policy support as the moderator variable also has a significant positive impact on the energy consumption structure. Then, the product term of green technology innovation and government policy support is introduced into Model 9, The regression coefficient of the interaction term on the energy consumption structure is 0.203, which is significant at the p < 0.01 level. At the same time, R2 increased from 0.479 to 0.733, and the overall explanatory power of the model gradually increased. It shows that government policy support plays a positive moderating role in the relationship between green technology innovation and energy consumption structure. Thus, the hypothesis H5 is verified.









6. Conclusions, Recommendations and Future Research Directions


6.1. Conclusions


HEM enterprises are distinguished from other manufacturing enterprises by the characteristics of high energy consumption, high pollution and contribution. Therefore, improvement measures must be implemented to reduce energy consumption and pollution, improve efficiency and sustainable development. In addition, green technology innovation has been unanimously recognized by the academic and business circles as one of the most feasible and effective ways to continuously improve the HEM enterprises performance. In this study, the author takes middle and senior managers and technical R&D personnel from HEM enterprises in many regions of China as the research objects. By systematically collecting and sorting data, quantitatively verified the relationship between green technology innovation, energy consumption structure, government policy support and enterprise performance improvement. The specific conclusions are as follows:




	(1)

	
Green technology innovation has a significant positive impact on the continuous improvement of the performance of HEM enterprises. This is because the Chinese government has clearly put forward the advocacy of green economic life in the future. Climate and environmental changes have brought more and more serious troubles to people’s lives. Green life under the background of green economy is no longer an empty talk. Once the green products and processes brought by green technology innovation flood into the market, it will soon affect or even change the market demand and change people’s consumption habits, which will realize the creation of a new market proposed by Schumpeter under the background of green economy idea. HEM enterprises continue to promote technological innovation in the application of green technology to products, processes and other production links. With the help of major improvements in performance and use of new products, they respond in a timely manner to create market demand and win the market pricing initiative for products. Finally, stable and sustained growth in enterprise performance can be achieved.




	(2)

	
The positive improvement of green technology innovation on the performance of HEM enterprises needs to be mediated by the energy consumption structure. It means that green technology innovation has a direct effect on the performance improvement of HEM enterprises. There is also an indirect effect of “green technology innovation, energy consumption structure and enterprise performance”. It also shows that there may be other mediating variables between green technology innovation and the performance improvement of HEM enterprises, which provides new research ideas for future research. Therefore, HEM enterprises should gradually change their dependence on the original fossil energy consumption and turn to clean energy and renewable energy. In the context of reducing carbon emissions per unit of product, combined with the government’s low-carbon policy, HEM companies can reduce operating costs. At the same time, technological advantages will increase the core competitiveness of enterprises and promote the continuous improvement of HEM enterprise performance.




	(3)

	
Government policy support has a positive regulating effect on green technology innovation and the continuous improvement of HEM enterprise performance. That is to say, the stronger the government’s policy support for green technology innovation, the stronger the green technology innovation impetus of HEM enterprises, and the better the performance will be. In recent years, the Chinese government has advocated that all people pursue green life. Green technology can cover almost all pillar industries of national economic development. Therefore, establishing a green economic development model and a green social consumption model is an important development goal of the Chinese government in the future. To develop a green economy, scientific decision-making is the premise. Technological innovation is the key. Capital investment is the guarantee. Full participation is the core. The government should integrate various social resources, encourage and mobilize the enthusiasm of all parties with policies, establish incentives and clarify policies. At the same time, the promotion of green technology also needs to be fully mobilized. The government should encourage the whole people to participate in scientific and technological innovation and promote the transformation of economic and social development to a green direction.









The implications of this study are as follows: (1) This study further extends the research scope of issues related to green technology innovation. At the same time, this study also enriches the relevant research methods on the relationship between green technology innovation and enterprise performance. These research contents and research methods, to a large extent, have laid an important research foundation for future scholars’ research in this field. (2) This paper makes managers clearer about the impact degree and mechanism of green technology innovation on enterprise performance. The research conclusions of this paper can optimize the inherent innovative thinking of managers of HEM enterprises, win the market position in the context of green economy, and give inspiration to enterprises in the process of green industry market operation and development in the future, so as to help sustainable improve business performance. (3) The research provides an important reference for the government to formulate relevant management policies. By discussing the impact of government policy support on the green technology innovation and enterprise performance improvement of HEM enterprises, it can provide an important reference for the government to formulate policies such as carbon tax incentives and green technology innovation subsidies to ensure the green technology innovation of manufacturing enterprises.




6.2. Recommendations


The relevant research conclusions of this paper can provide some thoughts for the formulation of green technology operation strategies of related enterprises. The author therefore makes the following recommendations:




	(1)

	
When making management decisions, enterprise managers should fully consider the comprehensive effect of various factors. The impact of green technology innovation on the improvement of corporate performance is not only directly affected by itself, but also affected by factors such as energy consumption structure and government management policies. Therefore, enterprise managers should clearly understand the process of green technology innovation affecting enterprise performance improvement. In the management process, enterprise managers should not only simply improve the level of green technology innovation, but also fully adjust the energy consumption structure. At the same time, enterprises must actively adapt to the government’s management policies. Enterprises should make full use of government support policies that are beneficial to their own development. Therefore, in a high-quality innovative development environment, enterprises can help to continuously improve their performance.




	(2)

	
Enterprises need to formulate various measures in the development of green technology innovation. The development of enterprise green technology innovation requires the cooperation of internal and external resources. Therefore, enterprises should strengthen the introduction, digestion, absorption and self-development of green technologies. Enterprises should gradually realize the use of green technology in key areas such as workshop production. The enterprise should also strengthen the systematic training of green technology R&D personnel. At the same time, enterprises can also send senior R&D personnel to high-level enterprises to learn new green technologies. By improving the enterprise’s own green technology innovation ability, it will ultimately help to promote the continuous improvement of the comprehensive performance of the enterprise.




	(3)

	
Government agencies should formulate effective carbon tax management measures. The government policy environment will play a key role in the green technology innovation and performance improvement of enterprises. Therefore, relevant governments should formulate scientific and reasonable carbon tax management policies based on the development needs of enterprises. In particular, in terms of enterprises’ ability to improve green technology innovation, the government should strengthen the guaranteed ability of relevant policies. The government can reduce or exempt some taxes for companies with strong green technology innovation capabilities. The government can also provide certain innovation subsidies for green technology innovation enterprises. The implementation of these management measures will also promote the continuous improvement of corporate performance to a large extent.










6.3. Future Research Directions


	(1)

	
This study only considers the energy consumption structure and government policy support when designing the model and measurement scale. Although both reliability and validity tests meet the research standards, these two indicators cannot comprehensively cover all aspects of the problem. Therefore, in the theoretical and empirical models of future research, more relevant indicators can be added, such as external economic environment, changes in production factors, production efficiency, enterprise dynamic capabilities, enterprise organizational innovation, and enterprise atmosphere. After enriching the content of relevant research indicators, relevant research conclusions will be more scientific and accurate.




	(2)

	
The effective sample data collected by this survey and research needs to be increased. Due to the limitation of time and author’s energy, the sample size of this study needs to be increased. Therefore, future research needs to conduct investigations on a larger scale, expand the coverage of the survey samples, and ensure the reliability of the research conclusions.




	(3)

	
The entry point of this study needs to be further increased. Under the new economic normal, Made in China 2025 covers five major projects. This paper only takes the green manufacturing engineering of high-end equipment manufacturing enterprises as the starting point for research, and does not deeply explore the relevant content of other equipment manufacturing fields. The results of this study also lack sufficient scientific. Therefore, this study suggests that future scholars can conduct related research in other equipment manufacturing fields to enrich the relevant research content.
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Figure 1. The theoretical model of this study. 
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Figure 2. The nature of the surveyed enterprises. 
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Figure 3. The personnel of the surveyed enterprises. 
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Figure 4. The relationship model of the impact of green technology innovation on enterprise performance improvement. Note: ** represents p < 0.01, *** represents p < 0.001. 
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Figure 5. Relationship model of the impact of green technology innovation on energy consumption structure. Note: *** represents p < 0.001. 
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Figure 6. The relationship model of the impact of energy consumption structure on enterprise performance improvement. Note: ** represents p < 0.01, *** represents p < 0.001. 
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Figure 7. Structural equation model and path analysis results. Note: ** represents p < 0.01, *** represents p < 0.001. 






Figure 7. Structural equation model and path analysis results. Note: ** represents p < 0.01, *** represents p < 0.001.



[image: Sustainability 14 10168 g007]







[image: Table] 





Table 1. The research hypothesis of this study.






Table 1. The research hypothesis of this study.





	Serial Number
	Hypothetical Content





	H1
	There is a positive correlation between green technology innovation and enterprise performance improvement.



	H2
	There is a positive correlation between green technology innovation and changing energy consumption structure.



	H3
	There is a positive correlation between changing energy consumption structure and improving enterprise performance.



	H4
	Government policy support has a positive moderating effect on the relationship between green technology innovation and enterprise performance improvement.



	H5
	Government policy support has a positive moderating effect on the relationship between green technology innovation and energy consumption structure.
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Table 2. Variable dimensions and indicators.






Table 2. Variable dimensions and indicators.





	
Dimension

	
Item

	
References






	
Green technology innovation

	
A1 The proportion of enterprise-to-green technology innovators in the total R&D personnel is increasing

	
Sun (2022) [41],

Xu (2021) [42]




	
A2 The proportion of enterprises’ investment in green technology innovation equipment in the total investment in equipment assets is becoming higher and higher




	
A3 The proportion of enterprise green technology innovation investment in total enterprise R&D investment is gradually increasing




	
A5 The sales of products developed by enterprises’ green technology account for an increasing proportion of total sales




	
A6 Enterprises are increasingly replacing the original production model due to green technology innovation




	
Energy consumption structure

	
B1 Fossil energy is gradually being replaced by clean energy and renewable energy in the production activities of enterprises

	
Brodny (2022) [43]




	
B2 The proportion of fossil energy consumed in the value of a single product is gradually decreasing




	
Government policy support

	
C1 The company’s energy conservation, emission reduction and clean development projects are supported by government policies

	
Bullock (1992) [44],

Shoag (2014) [45]




	
C2 Green products produced by enterprises can enjoy the reduction and exemption policy




	
C3 The green technology innovation activities of enterprises have enjoyed national low-interest preferential loans or government subsidies




	
C4 The development and utilization of clean new energy by enterprises enjoy government subsidies and financial support




	
C5 The government formulates energy conservation and emission reduction targets to assess the green development level of enterprises




	
Business performance improvement

	
D1 The growth rate of enterprise sales is higher than that of major competitors in the same industry

	
Brynjolfsson (2000) [46]




	
D2 The company’s return on equity has increased year by year




	
D3 The company’s market share growth rate is increasing year by year




	
D4 The overall market competitiveness of the product is higher than that of the main competitors in the same industry




	
Innovation performance improvement

	
D5 The proportion of product innovation is gradually increasing

	
Calderini (2005) [47],

Kesidousupa (2012) [48]




	
D6 The proportion of process innovation is gradually increasing




	
D7 The proportion of new product output value in total sales has gradually increased




	
D8 The development speed of new products is faster than that of the main competitors in the same industry




	
D9 Innovative products have a higher success rate
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Table 3. Reliability test indicators and evaluation criteria.
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Reliability Test Index

	
Range

	
Acceptable Level

	
Source Basis

	
The Standard Adopted in This Study






	
Cronbach’s α

	
>0.7

	
High reliability

	
Otchere (2022) [49],

Tirgil (2022) [50],

Fakhimi (2022) [51]

	
>0.8




	
0.65–0.70

	
Acceptable




	
0.7–0.8

	
High reliability




	
>0.8

	
Higher reliability




	
CITC

	
>0.5

	
Acceptable

	
>0.5




	
CR

	
>0.6

	
High reliability

	
>0.6




	
AVE

	
>0.5

	
Good convergent validity

	
>0.5
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Table 4. Structural equation model structure fitting index index and evaluation criteria.
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Indicator Type

	
Fit Metrics

	
Judgement Standard

	
Acceptable

	
Source Basis

	
The Standard Adopted in This Study






	
Absolute index

	
Chi-square statistic (X2)

	
p > 0.05

	
Acceptable

	
Keller (1998) [52],

Maccallum (2000) [53],

Boker (2011) [54]

	
p > 0.05




	
Adjusted chi-square (X2/df, df is the degrees of freedom)

	
≦5

	
Acceptable

	
X2/df ≦ 5

RMSEA < 0.05




	
RMS residuals (RMSEA)

	
<0.1

	
Acceptable

	
0.85–1




	
Goodness of fit index (GFI)

	
0.85–1

	
The closer to 1, the better the fit




	
Modified goodness-of-fit index (AGFI)
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Table 5. Cronbach’s α coefficient.
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	Latent Variable
	Number of Observed Variables
	CR
	Cronbach’s α Coefficient





	Green technology innovation
	5
	0.82
	0.883



	Energy consumption structure
	2
	0.79
	0.902



	Government policy support
	5
	0.80
	0.955



	Enterprise Performance improvement
	9
	0.79
	0.830
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Table 6. Validity test of the scale.
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Dimension

	
Item

	
Factor Loading

	
AVE






	
Green technology innovation

	
A1 The proportion of enterprise-to-green technology innovators in the total R&D personnel is increasing

	
0.671

	
0.78




	
A2 The proportion of enterprises’ investment in green technology innovation equipment in the total investment in equipment assets is becoming higher and higher

	
0.680




	
A3 The proportion of enterprise green technology innovation investment in total enterprise R&D investment is gradually increasing

	
0.624




	
A5 The sales of products developed by enterprises’ green technology account for an increasing proportion of total sales

	
0.783




	
A6 Enterprises are increasingly replacing the original production model due to green technology innovation

	
0.804




	
Energy consumption structure

	
B1 Fossil energy is gradually being replaced by clean energy and renewable energy in the production activities of enterprises

	
0.791

	
0.86




	
B2 The proportion of fossil energy consumed in the value of a single product is gradually decreasing

	
0.793




	
Government policy support

	
C1 The company’s energy conservation, emission reduction and clean development projects are supported by government policies

	
0.784

	
0.80




	
C2 Green products produced by enterprises can enjoy the reduction and exemption policy

	
0.699




	
C3 The green technology innovation activities of enterprises have enjoyed national low-interest preferential loans or government subsidies

	
0.890




	
C4 The development and utilization of clean new energy by enterprises enjoy government subsidies and financial support

	
0.822




	
C5 The government formulates energy conservation and emission reduction targets to assess the green development level of enterprises

	
0.753




	
Business performance improvement

	
D1 The growth rate of enterprise sales is higher than that of major competitors in the same industry

	
0.884

	
0.81




	
D2 The company’s return on equity has increased year by year

	
0.742




	
D3 The company’s market share growth rate is increasing year by year

	
0.639




	
D4 The overall market competitiveness of the product is higher than that of the main competitors in the same industry

	
0.843




	
Innovation performance improvement

	
D5 The proportion of product innovation is gradually increasing

	
0.711

	
0.83




	
D6 The proportion of process innovation is gradually increasing

	
0.764




	
D7 The proportion of new product output value in total sales has gradually increased

	
0.804




	
D8 The development speed of new products is faster than that of the main competitors in the same industry

	
0.782




	
D9 Innovative products have a higher success rate

	
0.763
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Table 7. Latent variable correlation coefficient matrix.
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	Latent Variable
	Green Technology Innovation
	Energy Consumption Structure
	Government Policy Support
	Enterprise Performance Improvement





	Green technology innovation
	1.00
	0.613
	0.488
	0.529



	Energy consumption structure
	0.613
	1.00
	0.582
	0.571



	Government policy support
	0.488
	0.582
	1.00
	0.506



	Enterprise performance improvement
	0.529
	0.571
	0.506
	1.00
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Table 8. Hierarchical regression analysis results of the moderating effect of government policy support on enterprise performance improvement.
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Business Performance Improvement

	
Innovation Performance Improvement






	
Independent Variable

	
Model 1

	
Model 2

	
Model 3

	
Model 4

	
Model 5

	
Model 6




	
Green technology innovation

	
0.204 ***

	
0.238 ***

	
0.205 **

	
0.338 **

	
0.242 *

	
0.226 **




	
Moderator

	

	

	

	

	

	




	
Government policy support

	

	
0.481 **

	
0.516 **

	

	
0.729 **

	
0.597 **




	
Moderating effect

	

	

	

	

	

	




	
Green technology innovation × government policy support

	

	

	
0.232 ***

	

	

	
0.244 ***




	
R2

	
0.390

	
0.538

	
0.472

	
0.483

	
0.590

	
0.591




	
ΔR2

	
-

	
0.032

	
0.059

	
-

	
0.071

	
0.094




	
F

	
8.204 ***

	
15.39 ***

	
22.76 ***

	
19.45 ***

	
20.04 ***

	
56.31 ***








Note: * represents p < 0.05, ** represents p < 0.01, *** represents p < 0.001.
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Table 9. Hierarchical regression analysis results of government policy support on the adjustment effect of energy consumption structure.






Table 9. Hierarchical regression analysis results of government policy support on the adjustment effect of energy consumption structure.





	

	
Energy Consumption Structure






	
Independent variable

	
Model 7

	
Model 8

	
Model 9




	
Green technology innovation

	
0.417 *

	
0.299 ***

	
0.173 ***




	
Moderator

	

	

	




	
Government policy support

	

	
0.690 ***

	
0.591 **




	
Moderating effect

	

	

	




	
Green technology innovation × government policy support

	

	

	
0.203 **




	
R2

	
0.479

	
0.492

	
0.733




	
ΔR2

	
-

	
0.052

	
0.074




	
F

	
6.026 ***

	
9.748 ***

	
25.093 ***








Note: * represents p < 0.05, ** represents p < 0.01, *** represents p < 0.001.
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