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In the context of global joint response to climate change, carbon neutralization has become one of the main measures for governments, enterprises, and even individuals around the world to deal with global warming. This article explores the current research status and frontier trends in the field of carbon neutralization, which can not only provide theoretical reference for the follow-up research of carbon neutralization but also provide useful ideas for the policy-making of carbon neutralization. The study is built on the China National Knowledge Infrastructure (CNKI) Core Journals Database, the Chinese Social Sciences Citation Index database, and the Chinese Science Citation Database as the literature retrieval database platform. Using CiteSpace optical measurement software, 370 pieces of literature in the field of carbon neutrality research in China were systematically analyzed to track the situation and impact of research by various research institutions and prominent authors in China in this field and to analyze the research hotspots in this field, which is of great significance for the follow-up research of carbon neutrality. The research results show that 1) the number of publications in China’s carbon-neutral field has increased significantly with the change of years and has strong development potential. 2) Journals with many articles are more concentrated and are generally published in three journals: Natural Gas Industry, Proceedings of the CSEE, and Chinese Science Bulletin. 3) In terms of the major research institutions, the Institute of National Conditions of Tsinghua University, the School of Public Administration of Tsinghua University, the School of Grammar of Beijing University of Technology, and the Economic Development Research Center of the State Forestry and Grassland Administration have published more articles and muscular scientific research strength in the field of carbon neutrality. 4) In terms of the principal authors, four typical research teams have been set up: low-carbon economy, low-carbon cycle, carbon trading, sewage carbon neutrality, environmental science, and resource utilization, and the authors of each research team cooperate closely. 5) In the future, the research hotspots in China’s carbon-neutral field are still the themes of carbon emission reduction, green and low carbon, new energy, etc., and the research hotspots have begun to shift to the concept of development, from the very beginning of environmental protection and carbon emission reduction to the current new energy development. Carbon neutrality is currently a hot research field in China, and in the future, special attention should be paid to the full use of machine learning and extensive data mining to solve complex social, economic, and ecological problems. It is suggested that China should introduce the concepts of “common but differentiated responsibilities” and “consumer responsibility” in the international climate change negotiations in the formulation of carbon neutralization policies, so as to fully protect the right to the development of China’s underdeveloped regions and avoid the injustice caused by the blind formulation of carbon neutralization policies.
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1 INTRODUCTION
With the continuous development of modern industrialization and the continuous improvement of living standards, human demand for energy has grown by 3% per year (Wang and Huang 2007; Ahmad et al., 2020; Ahmad et al., 2021a; Ahmad et al., 2021b). The combustion of fossil fuels such as coal and oil and the large number of gas emitted in the industrial production have led to a global greenhouse effect with an increasing scope of impact. As a result of the intensification of the worldwide greenhouse effect, humanity is experiencing a series of catastrophic climate changes such as floods, droughts, fire, and sea-level rise. The global average temperature is increasing at an unprecedented rate, and the change in carbon dioxide concentrations in the Earth’s atmosphere from 1960 to 2018 is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Carbon dioxide concentration in the Earth’s atmosphere (1960–2018). Data Source: The data source was obtained from the Carbon Dioxide Information Analysis Center, Department of Environmental Sciences, Oak Ridge National Laboratory, Tennessee 2022, https://data.worldbank.org.cn/indicator/en.atm.co2e.kt. Source Note: Carbon dioxide emissions are emissions from the combustion of fossil fuels and cement production. They include carbon dioxide produced when consuming solid, liquid, and gaseous fuels and burning natural gas.
From Figure 1, it can be found that the overall concentration of carbon dioxide in the Earth’s atmosphere has been an upward trend, predicting that the concentration of carbon dioxide will increase in the future, but the amplitude may decrease. The reason is that countries around the world are gradually recognizing the negative impact of the greenhouse effect and are beginning to change, such as the Intergovernmental Panel on Climate Change (IPCC) released the Global 1.5°C Warming Special Report in 2018, which states that to achieve the goal of controlling global warming temperature within 1.5°C, it is necessary to achieve net-zero carbon emissions, that is, carbon neutrality, on a worldwide scale by the middle of the 21st century. Since then, countries around the world have set their carbon-neutral carbon peak time points, and China also announced at the general debate of the 75th session of the United Nations General Assembly in September 2020 that it will increase its nationally determined contributions, strive to peak carbon dioxide emissions by 2030, and strive to achieve carbon neutrality by 2060. Carbon neutrality has gradually become a multidisciplinary research hotspot, and although China’s carbon neutrality research started late, it has also accumulated fruitful research results in recent years (Wu and Tian 2022; Wang 2022; Xu et al., 2021; Zhao and Li 2021; Ke et al., 2021; Pan et al., 2021; Chen et al., 2021; Dai, 2015; Hu, 2021). Systematically sorting out these research results plays a vital role in better grasping the development context and frontier dynamics of research in this field and is critical to improving the efficiency of scientific research in this field. Bibliometric analysis methods have been widely used in the quantitative study of a research field literature (Xie and Yu 2021; Wan 2021; Liu et al., 2021; Song and Chen 2021; Junjie, 2021; Party, 2012; Shi et al., 2020; Shi et al., 2021), while CiteSpace software is also an influential visual analysis tool in the current bibliometric analysis, effectively describing the overall dynamics of developments in a discipline or research field (Xia and Yang 2021; Luo et al., 2021; Bai and Wang 2021; Sun and Shang, 2009; Weng, 2021; Yuan and Bi, 2006; Zhu, 2011). At the same time, knowledge graphs can combine information visualization techniques with traditional bibliometric analysis to generate different types of knowledge graphs through data mining, information processing, scientific measurements, and graph drawing and present more intuitive information to researchers (Li 2019; Pei 2021; Wang et al.,.2021). Therefore, based on bibliometric analysis methods and literature visualization tools, the research uses the China national knowledge infrastructure (CNKI) database as the data source and uses the scientific tool CiteSpace software to present the research status, hotspots, and development trends in China’s carbon-neutral field in the form of knowledge graphs to provide a valuable reference for follow-up research in the carbon-neutral field.
This article uses the methods of keyword clustering, keyword emergence, and keyword periodic change of CiteSpace software to analyze and reveal the research hotspots, development ideas, and strategic considerations in the field of carbon neutralization in the future. The research results can not only improve the theories including Pigou tax, carbon tax, Coase theorem, carbon emission trading, and Nordhaus’s general equilibrium model with carbon constraints but also empirically promote the “China carbon neutralization model” to the world.
2 MATERIALS AND METHODS
2.1 Data Sources
This article uses the core journals in the China National Knowledge Infrastructure (CNKI) database, the Chinese Social Sciences Citation Index (CSSCI) database, and the Chinese Science Citation Database (CSCD) as the literature retrieval database platform to ensure the authority and typicality of the research results. The scope of the literature selected and analyzed seems to be limited only to those written in Chinese or published in China. Missing research articles written by Chinese scholars but published on the platforms of international journals may have impact on the preciseness of the argument and the importance of the research results. However, research still has certain significance. The reasons are first, CNKI, CSSCI, and CSCD databases are important factors to measure whether Chinese scholars, research institutions, and projects are concluded or not. Second, research articles written by Chinese scholars but published on the international journal platform can be more or less see its “shadow” in domestic journals, which will not have a great impact on the overall research results and conclusions of this article. Specifically, “carbon neutralization” was used as the keyword for fuzzy retrieval. The data retrieval period was 2008–2021. Seven hundred and ninety-one articles were initially retrieved, and 370 articles were finally retained by manually interpreting the titles and abstracts of the documents, removing the irrelevant literature, conference reports, and news publicity. Retrieved literature records are exported in the Refworks format and saved as plain text files, and the data samples are analyzed in the text after being converted by the CiteSpace software. Considering the concentration and accuracy of the literature, the search strategy is set to TI=(“ecosystem services” or “environmental services” or “ecological services” or “ecosystem service” or “environmental service” or “environmental service” or “ecological service”) AND language: (English) AND Document Type: (Article). Choosing keywords rather than topics as search criteria avoids many irrelevant results. After the sample size is finalized, the target literature is exported and transcoded in the reference format required by CiteSpace to obtain the research sample database of this article.
2.2 Research Methods
2.2.1 Bibliometric Analysis Software
CiteSpace software is currently one of the most effective analytical tools in bibliometric analysis (Qiu et al., 2014; Qiu 2018), which is a Java application for literature analysis visualization developed by Chaomei Chen and a Chinese scholar at Drexel University in the United States (Lei 2017). The software can be obtained for free from the website (http://cluster.ischool.drexel.edu/-cchen/CiteSpace/download/). This article uses 5.8 R3c version and Excel to explore the research in China’s carbon-neutral field.
CiteSpace software’s collaborative network analysis (lead authors and research institutions), co-existent network analysis (keywords), and other statistical analysis functions can help scholars to objectively understand the current status of the target research field in terms of time, research institutions and members, keywords, etc. (Ji et al., 2019; Han et al., 2021). To meet the requirements of using these functions and to learn from existing research practices, the parameters of the CiteSpace software are set as follows.
2.2.2 Parameter Setting
1) Time slicing is 2008–2021, and the year of each slice (years per slice) = 1.2. Node types select the research institutions, authors, and keywords. 3) On the selection criteria, this article selects 50 entries from each slice where research institutions and keywords are cited the most or appear most frequently. For authors, 20 entries with the highest frequency are selected to ensure the authority and typicality of the authors obtained. 4) The settings on this article are trimmed, and “Pathfinder” is selected to eliminate some redundant connection. The other settings are still at default.
3 RESULTS AND ANALYSIS
3.1 Analysis of Basic Characteristics of the Literature
The analysis of the basic characteristics of the literature mainly includes two aspects: the number of articles published and the main source journals. Among them, the change in the number of documents published is an important index to measure the research in a certain field (Schjønning et al., 1999; Xiao et al., 2017; Xu et al., 2015). The principal source journals can measure the relevant research in a certain field and prefer the authoritative journals published.
3.1.1 Number of Documents Issued
Changes in the volume of literature published are an essential indicator of research in a particular field (Schjønning et al., 1999; Xiao et al., 2017; Xu et al., 2015). From 2008 to 2021, the number of publications in China’s carbon-neutral field (Figure 2) continued to increase, showing that this field has received widespread attention from scholars and has strong development potential.
[image: Figure 2]FIGURE 2 | Statistics on the number of publications in China’s carbon neutral field from 2008 to 2021.
From Figure 2, it can be noted that the overall volume of articles published in the carbon-neutral field from 2008 to 2021 showed an upward trend, and the number of articles showed two breakthroughs. The first time was in 2020 when the number of articles published that year exceeded 10 for the first time. Previously, the number of articles published was prolonged, and after 2019, it began to grow steadily, and the research results gradually increased. The second time was in 2021 when the number of articles published exceeded 300 for the first time, and it is expected that the number of articles published will continue to increase after that.
3.1.2 Main Source Journals
In analyzing research in China’s carbon-neutral field, the top 10 journals with the highest number of articles are shown in Figure 3. It can be found that these journals have the characteristics of a wide range of research areas and a high concentration of articles.
[image: Figure 3]FIGURE 3 | Proportion of major source journals.
From Figure 3, it can be found that in the journals in China’s carbon neutrality and related research fields, the top 10 journals with articles include oil and gas engineering, agroecology, applied ecology, and other disciplines, indicating that carbon-neutral research involves multiple disciplines and is highly interdisciplinary. Among the top 10 journals with the highest number of articles, the journal Natural Gas Industry accounted for the most significant proportion of 25.26% (24 articles), and the second-largest journal was Proceedings of the CSEE (10.53%, 10 articles) and Scientific Bulletin Chinese Science Bulletin (10.53%, 10 articles). Studies illustrating carbon neutrality are generally published in these three journals.
3.2 Analysis of Major Research Institutions and Authors
By analyzing the main research institutions and main authors, we can judge the main scientific research forces and the close cooperation between them in the field of carbon neutralization.
The visualization atlas created by CiteSpace consists of two parts: nodes and wiring, nodes representing major research institutions, significant authors, keywords, etc. The larger the node, the more articles of the affiliated research institutions and authors; the connection between the nodes indicates that there is cooperation between the research institutions and the authors, the thicker the link, the closer the association, and conversely, the lack of connection between the nodes means that there is no cooperative relationship between the institutions.
3.2.1 Major Research Institutions
Running the CiteSpace software, the period is set to 2008–2021, the time slice is 1 year, the node type is selected as the institution, the number of nodes obtained is 102, the number of connections is 70, and the density is 0.0136. Among them, the number of nodes relates to the number of research institutions in the graph. The connection between nodes represents that the research institutions have appeared in the same literature and there is a cooperative relationship between them. Network density refers to the “actual number of relationships” in the network that was separated by the “theoretical maximum number of relationships.” There is no unambiguous standard for this index. Collaborative network of the leading research institutions for carbon-neutral research load is shown in Figure 4.
[image: Figure 4]FIGURE 4 | Carbon neutrality research load capacity collaboration network diagram.
From Figure 4, it can be found that the Institute of National Conditions of Tsinghua University, the School of Public Administration of Tsinghua University, the School of Grammar and Law of Beijing University of Technology, and the Economic Development Research Center of the State Forestry and Grassland Administration have large nodes, indicating that these research institutions have issued more articles in carbon-neutral research and have muscular scientific research strength. From the connection strength of node 4 in Figure 4, it can also be found that there is a robust cooperative relationship between two research institutions in the same department or the same city. Among the carbon-neutral research institutions, universities and research institutes are the mainstays, of which universities make up the most significant proportion.
3.2.2 Principal Author
The CiteSpace software is run, the node type of Author is set, and the other parameters that are the same as the research institution is set. The author collaboration network in Figure 5 consists of 110 authors and 79 pooled connections at a density of 0.0132, demonstrating that China’s carbon neutrality research has a large number of scholars and a wide range of collaboration. Collaborative Network of Authors of Carbon Neutral Studies is shown in Figure 5.
[image: Figure 5]FIGURE 5 | Carbon neutrality study load author collaboration network diagram.
As can be seen from Figure 5, there are currently four important research team collaborators and research areas in China on carbon neutrality research, as follows:
1) The research team with Angang Hu as the core (red circle area) published the most articles, reaching 54 articles. The connection between Angang Hu and min Liu, and Zhichen Lü is quite close, and cooperation is extensive. Angang Hu’s research team mainly focuses on innovative green development (Hu 2012a), low-carbon development (Hu 2012b), low-carbon cycle (Lv and Hu 2021), and low-carbon economy (Hu 2008).
2) The research team with Lu Nan as the core (purple circle area) has published more articles, reaching 50 articles. Nan Lu has a closer relationship with Chuan He, Tianqi Liu, and Xiangmei Lü and has cooperated more time. Lu Nan’s research team mainly concentrates on the low-carbon economy (Lv et al., 2021) and carbon trading (Wang et al., 2022).
3) The research team with Yanming Wan as the core (green circle area) has published more articles, reaching 41 articles. Yanming Wan collaborated closely with Jian Liu and Wei Liu. Yanming Wan’s research team’s research direction is mainly environmental science and resource utilization (Hao et al., 2020a; Hao et al.2019; Hao et al.2018; Hao et al.2016) and industrial economy (Liu et al., 2022); more attention is paid to the development of low-carbon clean hydrogen energy in China under the “double carbon” goal, which is also a hot issue in the field of carbon neutrality.
4) The research team with Xiaodi Hao as the core (blue circle area) has published 36 articles. The research direction of Xiaodi Hao’s research team is mainly environmental science and resource utilization (Hao et al., 2021a; Hao et al.2021b; Hao et al.2021c; Hao et al.2020b) and sewage carbon neutrality (Hao et al., 2020a; Hao et al.2019; Hao et al.2018; Hao et al.2016). Xiaodi Hao has a close relationship with Jie Liu and Ji Li, especially in 2021, with the most cooperation, and the common concern is the study of energy neutrality and carbon neutrality of sewage treatment (Hao et al., 2021d; Li et al., 2021; Hao et al., 2021e). From 2008 to 2021, Xiaodi Hao’s research team issued articles every year, especially in the past 2 years, which shows that Xiaodi Hao’s research team will continue to study the field of sewage carbon neutrality in the future.
3.3 Research Hotspot Analysis
Keyword clustering is often used to excavate research topics in a specific research field within a specified period (Xu 2019), while keyword emergences often reflect changes in a sharp increase or decrease in interest in a particular area of research, and through the detection of emerging words, research hotspots in different periods can be revealed (Zhang et al., 2017).
3.3.1 Keyword Clustering
To better explore the topic of carbon neutrality research, this article uses the CiteSpace software for keyword clustering. Keyword cluster analysis is based on co-occurrence analysis, using the statistical method of clustering to simplify the co-occurrence network relationship to a relatively small number of clusters (Tai 2021). The CiteSpace software is run, the node type is set to keywords, and other parameters are set to the same as those of the research institution; based on the keyword knowledge network map, the LLR algorithm is selected to obtain the carbon-neutral research keyword cluster map (Figure 6).
[image: Figure 6]FIGURE 6 | Carbon neutrality study keyword clustering chart.
As can be seen from Figure 6, the keywords of carbon neutrality research are clustered into 13 categories, namely, district heating, low-carbon hydrogen, carbon emissions, sewage treatment, paths, carbon taxes, forests, carbon peaks, green low carbon, marine carbon sinks, green recovery, low-carbon transition, and low-carbon performance; the order is from 0 to 12, the smaller the number, the more keywords contained in the cluster; each cluster is composed of multiple closely related words, which keywords in the “Cluster Explorer” get the log-likelihood rate (one of the clustering label word extraction algorithms) to obtain a keyword co-occurrence network clustering table (Table 1). The newly formed cluster names actually exist in the network. However, CiteSpace software clusters the keywords that particularly closely relate through algorithms. Each keyword is subsequently given a value. The largest in the same cluster is chosen as the representative of the category and labeled, that is, the name of the newly formed cluster. In this network, it is necessary to pay attention to the average profile value of clustering, which characterizes the quality of clustering results, and it is generally believed that the average contour value of clustering is more significant than 0.5, and the clustering is reasonable; the average clustering value is more important than 0.7, and the clustering is convincing.
TABLE 1 | Carbon neutrality study of the top 13 keyword network co-emergence cluster table.
[image: Table 1]From Table 1, it can be found that the average contour values of the first 13 clusters in the carbon neutrality study are more significant than 0.7, indicating that the clustering results presented are convincing, which also confirms the correctness of the survey to choose carbon neutrality as the title of the article, such as #0 clustering: the research topics of district heating mainly include district heating, stability, stochastic evolutionary game, waste heat, and other keywords. It can be seen that they relate to the theme of energy. Similarly, topics under other clustering labels are also roughly the same.
From Table 1, it can also be found that there is a cross-cutting phenomenon in the research themes under each cluster, and the relevant research on carbon neutrality in China can be roughly summarized into three areas: “carbon emissions,” “carbon peaking,” and “green and low carbon”:
1) Carbon emissions. The field of carbon emissions includes keywords such as carbon emission, agriculture, low-carbon agriculture, agricultural carbon sink, and legal guarantee. In global warming, the energy transition has become a constant focus for governments. As China’s agricultural sector, second only to the energy sector in terms of greenhouse gas emissions, it has attracted great attention from the Chinese government. Depending on the current situation of carbon emission, China has further clarified and formulated the safeguard policies on agricultural carbon neutralization. The research on agriculture, low-carbon agriculture, and agricultural carbon sink will help China achieve carbon neutralization in agriculture and then promote carbon neutralization in other fields. In general, in any historical period, existing production and consumption patterns are the best thing matches between technology and economy under current conditions, with the rationality of existence (Yang 2010). It is of great significance for China’s agricultural development to analyze China’s existing agricultural production structure and agricultural consumption structure and explore the realization path of carbon neutralization by 2060.
2) Carbon peaks. The carbon peaking field includes keywords such as carbon peak, international big cities, transportation carbon reduction strategies, comparative research, transportation planning, and so on. By the end of 2020, China’s total highway mileage had reached 5,198,100 km, with 11.7154 million road operating vehicles, 612,600 passenger vehicles, 18.4089 million passenger seats, and 11.1028 million cargo vehicles. The huge transportation system has grown up to be an important carbon source of the city. Traffic carbon reduction is of great importance for the environmental beautification of cities and even countries. Built on carbon peaking and carbon neutralization, urban low-carbon transportation should focus on technical emission reduction and structural emission reduction.
3) Green and low carbon. The green and low-carbon field includes keywords such as green low carbon, bank of China, green insurance, financial reform and innovation, high carbon industry, and so on. At present, in the context of carbon neutrality, the accurate accounting of carbon emissions is not only a clear picture of China’s family background, providing a basis for international negotiations and the formulation of carbon-saving and emission reduction policies, but also an essential basis for entities at different levels to implement emission reduction tasks and assess the completion effect (Lulu 2021). Therefore, the development of carbon trading, building a perfect carbon emission accounting system, green insurance, and financial reform and innovation are important means to control carbon dioxide emissions (Liang 2017; Zhang et al., 2016; Liu 2013; Yao and Chen 2011). However, at present, the carbon emission accounting basis for products or services in most Chinese enterprises is still weak. It is recommended to conduct green certification for green and low-carbon products or projects in high-carbon industries on the basis of product or project carbon footprint accounting. Or use carbon tax, financial incentives, and other regulatory means to encourage enterprises to increase carbon emission accounting and management at the level of products or services.
3.3.2 Keyword Emergence
CiteSpace provides the function of burst detection, mainly to detect situations where there is a significant change in the number of references in a certain period (Wang, 2021; Hu and Feng 2021). Emergent detection is considered an indicator of highly active research fields, which can explore emerging trends and fleeting trends and provide a precise visual analysis of the duration of research hotspots in the domestic and foreign academic circles. The higher the intensity of keyword prominence, the more pronounced the research orientation, which is the node that needs to be given attention to in research. The study used CiteSpace’s sudden feature to map the intensity of a total of 5 keywords from 2008 to 2021, as shown in Figure 7. Among them, strength indicates the power of the sudden, begin indicates the year of the sudden start, end indicates the year of the premature termination, and the red part is the year of the keyword prominence.
[image: Figure 7]FIGURE 7 | Emergence of keywords in carbon neutralization research (2008–2021).
It can be found from Figure 7 that first, from 2008 to 2021, the keyword with the highest burst intensity is “anaerobic digestion,” the strength value reaches 2.85, the starting sudden time was in 2016, and the end suddenness time was in 2018. Secondly, the keywords of “legal regulation,” “carbon footprint,” “sewage treatment,” and “residual sludge” once attracted much attention, and the sudden intensity was more significant than 1.65. Still, with the continuous refinement and maturity of carbon-neutral research, in addition to the keywords of “anaerobic digestion” and “residual sludge,” the attention of the remaining keywords has declined, and the research on carbon reduction technology is more than the jurisprudence research of humanities and social sciences.
3.3.3 Keyword Periodic Change Analysis
Keyword timing chart can be used to reflect the main research content of a research topic with time and can also skip the research trend in a certain period to a certain extent, so the CiteSpace software is run to generate keyword timing maps by time segments based on keyword co-occurrence analysis (Figure 8).
[image: Figure 8]FIGURE 8 | Keyword timing chart.
As shown in Figure 8, scholars pay attention to different keywords at different times. The evolution of carbon neutrality and correlation research in China can consist of three stages: the primary stage, the prosperity stage, and the new period stage:
1) Basic stage (2008–2012). In addition to carbon neutrality, carbon peaking, carbon markets, wastewater treatment, anaerobic digestion, and carbon emissions. At this stage, China’s carbon neutrality-related research is in the initial development period; Chinese scholars have a more tangible feeling and feeling about “global warming,” began to explore the causes of “global warming,” and realized that “carbon neutrality” should become a healthy concept and way of life for human beings (Wang et al., 2019; Fang et al., 2018; Ge et al., 2014).
2) Boom phase (2013–2019). China’s carbon neutrality and correlation research are more numerous at this stage. The study makes clear; more attention is paid to carbon measurement problems such as physical measurement, deviation index, dynamic assessment, and other keywords, and more concentration is paid to sustainable development research. And at this stage, there have been breakthroughs in the research direction, with the continuous maturity of carbon offsetting mechanisms, methodologies and carbon markets, and carbon neutrality as an effective environmental management tool (Zhang et al., 2022; Zhao and Li 2021; Ke et al., 2021; Lou 2021; Deng et al., 2013), gradually gaining more and more support from governments, businesses, and people; the trend of voluntary global carbon reduction actions has changed accordingly, and it has transitioned from organizing carbon footprint inventory to carbon neutrality (Cheng 2021).
3) New era stage (2020–2021). In September 2020, Chinese President Jinping Xi proposed the general debate of the 75th session of the United Nations General Assembly that “carbon emissions should peak by 2030 and strive to achieve carbon neutrality by 2060.” At the Leaders’ Climate Summit in April 2021, President Xi proposed that jointly building a community of human and natural life, as the largest carbon emitter, means that China has to be done more in carbon reduction and carbon treatment. Therefore, keywords at this stage are more “new energy,” “green credit,” and “green and low carbon.”
4 DISCUSSIONS
Based on the essential characteristics of the literature in carbon neutrality in China, the analysis of major research institutions, prominent authors, and research hotspots, the research progress of carbon neutrality and the direction of future carbon-neutral research are discussed. First, the study only counted and analyzed the number of publications in the field of carbon neutrality, but the number of citations was not counted and analyzed, which is one of the drawbacks of CiteSpace software, follow-up will continue to explore the global carbon neutrality problem; secondly, the future of China’s carbon-neutral field research hotspots is still carbon emission reduction, low green carbon, new energy, and other topics, and China’s research hotspots have also begun to tend to the development concept of the change, from the very beginning of environmental protection, carbon emission reduction, to the current new energy development. The growing recognition that carbon neutrality is a strategic consideration also means strategic opportunity. In short, under the premise of ensuring national energy security, if China wants to achieve the goal of “carbon peaking and carbon neutrality,” it needs to combine energy structure adjustment, technological innovation, and green engineering, improve the efficiency of fossil energy use, reduce carbon emissions, vigorously develop new energy, and help adjust the energy structure. “Carbon neutrality” is a profound change that requires the joint efforts of society and even all humanity.
Previous discussions and studies on carbon neutralization in China have mainly formed three views. First, optimists. It is estimated that carbon neutralization requires more investment in supporting infrastructure, and the conversion of traditional fossil energy into new energy requires a lot of investment, which can promote the rapid growth of China’s economy again. The optimistic view is usually valid, but it fails to really reveal the internal mechanism of how carbon neutralization promotes economic growth. Second, pessimists. Pessimists and optimists hold the opposite view. They believe that China’s traditional fossil energy accounts for 85% of the total energy. It is difficult to find alternative green energy in a period of time, and carbon neutralization puts too much pressure on China. However, this article holds that the proposal of China’s carbon neutralization goal is how to build a prosperous new world under the assumption that the global fossil energy will be exhausted by 2060? If you look at carbon neutralization in this way, you will not be particularly pessimistic. Third, the green school. It is considered that without changing the traditional industrialization mode, the problems of energy and environment can be solved by using technological progress, such as new technologies and new materials, including carbon capture technology, environmental protection technology, energy conservation and emission reduction technology, etc. This article acknowledges that technological progress is important for carbon neutralization, but new problems will continue to arise because new technologies can only solve old problems. The most typical is the “Jevons paradox” in the energy industry. People think that after the application of the steam engine, the significant improvement of energy efficiency will lead to the decline of coal consumption, but in fact, coal consumption is increasing. Therefore, this article believes that technology is of great importance, but the problem of carbon neutralization cannot be simply attributed to technological innovation. Only by changing the concept of comprehensive development, innovating the organizational model, and innovating the system and mechanism can we better address the issue of carbon neutralization.
The scope of the literature selected and analyzed is apparently limited only to those written in Chinese or published in China. This will lead to the lack of research articles written by Chinese scholars, but published on the platforms international journals, which may have a negative impact on the preciseness of the argument and the importance of the research results. In the next step, the SCI-E and SSCI databases of the “web of science core collection” will be used as the sample data source, and the CiteSpace visual measurement software will be used to systematically analyze the international carbon neutralization research, so as to improve and deepen the research on carbon neutralization in China.
Although the CiteSpace software used in this article has been widely used in bibliometric research, there are still some problems such as the inability to distinguish between the first author and the corresponding author of the document and the failure to conduct citation analysis for the Chinese literature study. The use of machine learning to achieve carbon-neutral interdisciplinary modeling will provide indispensable ideas for systematically solving complex socio-economic problems. Therefore, in the future, methods such as machine learning and extensive data mining will be considered to be incorporated into research in the carbon-neutral field. Of course, the study was based on a bibliometric analysis of objective bibliographic data, and the results were stable and reliable and generally unaffected by empiricism. Therefore, the research conclusions of this article have a definite theoretical value and reference significance for the research status and frontier grasp of carbon-neutral fields.
5 CONCLUSION
The research took the core journals of “China National Knowledge Infrastructure (CNKI),” the “Chinese Social Sciences Citation Index (CSSCI),” and “Chinese Science Citation Database (CSCD)” as sample data sources based on bibliometric analysis methods. With the help of CiteSpace visualization software, the knowledge map of China’s carbon neutrality research from 2008 to 2021 was drawn, and the essential characteristics of the literature in this research field, the leading research institutions and authors, and the research hotspots were systematically and informatively analyzed. The next research will take the SCI-E and SSCI databases of “web of science core collection” as the sample data source and continue to use CiteSpace visual measurement software to systematically analyze the international carbon neutralization research, so as to improve and deepen the research on carbon neutralization in China. The findings of this study:
1) Basic characteristics of the literature. In terms of the amount of text posted. The number of articles published in China’s carbon-neutral field has shown an upward trend year by year, especially in the past 2 years, after China proposed “carbon peaking and carbon neutrality”; the discussion of carbon neutrality topics has attracted much attention, which fully shows that this field has received extensive attention from scholars and has strong development potential, in terms of significant source journals. Research associated with the carbon-neutral area is generally published in three journals: Natural Gas Industry, Proceedings of the CSEE, and Chinese Science Bulletin.
2) Major research institutions and authors. In terms of major research institutions, the Institute of National Conditions of Tsinghua University, the School of Public Administration of Tsinghua University, the School of Grammar of Beijing University of Technology, and the Economic Development Research Center of the State Forestry and Grassland Administration have published more articles and have more muscular scientific research strength in the carbon-neutral field; the cooperative relationship between two research institutions in the same department or the same city is more substantial from the connection strength, and among the carbon-neutral research institutions, universities and research institutes are the mainstays, of which universities account for the most significant proportion. In terms of the principal authors, four typical research teams have been set up; the research directions are low-carbon economy, low-carbon cycle, carbon trading, sewage carbon neutrality, environmental science, and resource utilization, and the authors of each research team cooperate closely.
3) Research hotspots. In terms of keyword clustering, the average profile values of the 13 keywords related to the carbon neutrality study were all greater than 0.7, and the clustering results were convincing, which confirmed the correctness of the survey to choose carbon neutrality as the title of the article. In addition, there is a phenomenon of intersectionality in the content of research topics under various clusters, and carbon neutrality and related research are roughly summarized into three areas: “carbon emissions,” “carbon peaking,” and “green and low carbon”: first, the field of carbon emissions. In global warming, the energy transition has grown up to be a constant focus for governments. Countries have drawn up and adopted energy transition plans and increased investment in low-carbon energy. China pays more attention to agricultural carbon emission reduction. The second is the area of carbon peaking. China has a huge transportation system. It is of great significance to beautify China’s transportation environment. The third is the green and low-carbon field. It is recommend that Chinese enterprises carry out green certification for green and low-carbon products or projects in high-carbon industries on the basis of product or project carbon footprint accounting, in terms of keyword emergence. During the period 2008–2021, the keyword with the highest intensity of emergence was “anaerobic digestion.” With the continuous refinement and maturity of carbon-neutral research, the keywords of “anaerobic digestion” and “residual sludge” are still attracting attention. Research on the carbon reduction technology is more than the jurisprudence research of humanity social sciences in terms of keyword periodic changes. The evolution of carbon neutrality research in China has been distributed into three stages: the primary stage, the prosperity stage, and the new period stage. The first is the preliminary stage (2008–2012). At this stage, China’s carbon neutrality research is in its infancy, and Chinese scholars have started to explore the causes of “global warming.” The second is the boom phase (2013–2019). China has more carbon neutrality and correlation research, more specific research, more attention to carbon measurement issues, and sustainable development research. The third is the modern era stage (2020–2021). China has successively proposed “carbon peaking, carbon neutrality” and “jointly building a community of human and natural life,” which means that China has to be done more in carbon emission reduction and carbon treatment.
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