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Carbon peak and carbon neutrality is an important strategic measure to tackle climate change and is of great significance to global climate governance, human development, and scientific and technological progress. In this paper, we used 3,824 papers in the core collection of Web of Science from 1991 to 2022 as a sample, and used bibliometric analysis and CiteSpace, a visual knowledge network analysis tool, to sort out the current status of international carbon peak and carbon neutrality research in terms of publication trends, temporal distribution, spatial distribution, keyword co-occurrence mapping, and research basis. And then the current hot topics of research are explored,including carbon neutralization technology, climate policy impact and performance evaluation, carbon pricing and carbon finance, citizen participation attitude and behavior, and climate governance and global cooperation. Research prospects have been presented in terms of four aspects: building the integrated research framework of carbon peak and carbon neutral research, establishing a comprehensive and efficient environmental policy system, expanding research cooperation, deepening research and application of carbon peak carbon-neutral technology.
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1 INTRODUCTION
Reducing greenhouse gas emissions and tackling climate change has become an important issue for global sustainable development. A series of representative agreements, including the United Nations Framework Convention on Climate Change, Kyoto Protocol, and Paris Agreement, has been signed, outlining the goals and directions for global climate governance and carbon emission reduction. In 2015, 178 global parties signed the Paris Agreement, setting the target to “limit global warming to well below 2, preferably to 1.5 degrees Celsius, compared to pre-industrial levels” in the 21st century. Against this background, a new journey of global economic and social development led by the goal of “carbon peak and carbon neutrality” has begun. At the One Earth Summit in December 2017, 29 countries signed the Carbon Neutralization Alliance Statement, promising zero carbon emissions by the mid-21st century. As of May 2022, 127 countries have proposed or are prepared to set carbon-neutral targets, covering 90% of global GDP, 85% of the total population, and 88% of carbon emissions. The goals of carbon peak and carbon neutrality require profound economic and social systemic change; therefore, global sustainable development is of great significance. Research on carbon peak and carbon neutrality has also received attention from scholars internationally.
Carbon peak refers to the stage of declining carbon emissions following a historical peak in CO2 emissions during a certain period. Carbon neutrality, also known as “net zero carbon emissions,” involves practicing afforestation, energy conservation, and emission reduction to offset the generated carbon emissions. Theoretically, carbon peak has been extensively researched worldwide; international action and strategic analysis, strategies to achieve carbon peak and carbon neutrality, carbon-neutral technology research, renewable energy, carbon emission trading, and carbon finance are important research interests. However, few studies have investigated the overall research status and trend of carbon neutrality in carbon peak, showing a state of fragmentation and decentralization. The existing review of research is subject to factors such as insufficient literature sources and data and a limited research perspective, fails to reveal the overall research status and dynamics of carbon peak and carbon neutrality research, and lacks a systematic review of phased results.
In view of this, this paper presents a bibliometric analysis of the international carbon peak carbon neutral research status and development trend of systematic exploration. We aimed to investigate the current carbon peak and carbon neutrality research hotspot and development trends to assist international climate governance and carbon peak and carbon neutrality field research. This paper would serve as a valuable reference for countries with similar emission targets.
2 DATA SOURCES AND RESEARCH METHODS
2.1 Data sources
The data were obtained from the Science Citation Index Expanded (SCI-EXPANDED) and Social Sciences Citation Index (SSCI) databases in the Web of Science core collection. In terms of English journal retrieval, the retrieval type was set to TS = (“carbon neutral *” OR “carbon neutrality *” OR “carbon peaking *”). Climate change is an important challenge for all countries in the world, and achieving carbon neutrality, i.e., “net-zero CO2 emissions”, has become the consensus of all countries in the world. Carbon peaking refers to a point in time when carbon dioxide emissions stop growing and peak, and then gradually fall back. It marks the decoupling of carbon emissions from economic development, which is important for reducing greenhouse gas emissions and achieving the goal of carbon neutrality. Therefore, this study conducted a common search for “carbon peak” and “carbon neutrality” to ensure a more comprehensive study in the field of carbon emission management. In addition, the retrieval language and literature type were set to “English” and “Aritical,” respectively, and the retrieval time was 28 July 2022. The search results showed that there were more than 4,000 papers distributed in different research fields.
Based on the initial sample, this study optimized the results by further excluding irrelevant research directions, such as ethics, history philosophy of science, communication, computer science cybernetics, etc. In addition, to ensure the validity of the visualization analysis, the abstracts of the retrieved papers were read and analyzed to exclude some articles that did not match the research topic, i.e., some articles did not include the concept of “carbon peaking” or “carbon neutrality” as their core research, although they contained the topics used in the search. The concept of “carbon peaking” or “carbon neutralization” was not included as a core research topic. Finally, a total of 3,824 valid articles were obtained after excluding invalid articles in this study.
2.2 Research methods
Bibliometric analysis was used for this study. The analysis used the literature system and bibliometric characteristics as the research object; mathematics and statistical methods were employed to study the distribution of literature information structure, quantitative relationship, and change law, following which the field of knowledge structure, characteristics, and laws of the research method were explored. This study adopted the general bibliometric analysis of carbon peak and carbon neutrality research countries and institutions and journal distribution analysis, including the volume of related research literature, research author and institutional information, journal information, and statistical summary of frequently cited literature. The research trend evolution and hot topics were analyzed based on keywords. Common word analysis (Co-word Analysis) is the most important analysis method in bibliometrics and sciometrics, performed primarily by building two keywords in the same literature frequency, performing cluster integration, and analyzing the density relationship between the common keywords to explore the keywords that reflect popular research topics, evolution path, and evolution trend, among others. Scientific knowledge graphs are a product of innovations in sciometrics that allow users to visualize the development, evolution, and internal logical relationship of discipline research. Compared with the traditional methods, the structure, context, and law of the discipline development can be found more objectively, scientifically, and efficiently. CiteSpace is a visual software for literature research and measurement analysis, with the advantages of quick data processing, visual effect, and convenient interpretation. Therefore, the research hotspots are displayed in an intuitive fashion, and the visual map shows corresponding literature content-specific analysis, leading to an objective understanding of the current situation of a research field and potential developments in the future. Therefore, this software can meet the analysis needs of countries, institutions, journals, and authors and promote the evolution of carbon neutrality.
3 OVERALL ANALYSIS OF SPATIAL AND TEMPORAL DISTRIBUTION OF INTERNATIONAL RESEARCH
3.1 Time evolution of the number and changing trend of paper publications
Using statistics and sorting out the amount of carbon peak and carbon neutrality literature, the current development status and trends of carbon peak and carbon neutrality research could be understood. As can be seen from Figure 1, the number of publications on carbon peak and carbon neutrality shows a continuous upward trend, and the inflection point also reflects evident stage characteristics. The research on carbon peak and carbon neutrality continues to attract the attention of scholars and has shown explosive growth in the past 3 years.
[image: Figure 1]FIGURE 1 | Statistics on the volume of publications on carbon peaking and carbon neutrality from 1991 to 2022.
Figure 1 shows that the number of international publications regarding carbon peak and carbon neutrality research has increased significantly since 1991, and its evolution can be divided into three stages. During the exploration period from 1991 to 2006, research papers on climate change and carbon neutrality were increasingly found; however, the topic still received low academic attention, with less than 10 publications annually. Since the 1980s, with a deeper understanding of earth science, climate change has become an important issue internationally. In 1990, the Intergovernmental Panel on Climate Change (IPCC) released its first assessment report, which confirmed the scientific basis of climate change issues and has impacted both governments and the general public globally. In 1992, the United Nations General Assembly adopted the United Nations Framework Convention on Climate Change, which established the ultimate goal of tackling climate change and the basic principles of international cooperation regarding the same. The publication of the IPCC Second Assessment Report in 1995 and the adoption of the Kyoto Protocol in 1997 increased academic attention to climate change and carbon emissions, thereby gradually promoting the study of carbon neutrality. The development period from 2007 to 2015 saw a steady increase in the number of internationally relevant research publications, with a total of more than 500 publications, indicating greater academic interest. In February 2005, the Kyoto protocol was enforced, and the Bali roadmap and Copenhagen climate conference in 2009 further defined the responsibilities of developed and developing countries. Most countries were interested in climate governance and carbon reduction. Since 2016, the field has witnessed exponential interest; the number of relevant research publications has increased sharply, with more than 1,000 publications annually until 2020. Recently, global warming caused by human activities and natural phenomena has seriously impacted the world. The continuous evaluation reports published by the IPCC show a cause for concern. The Paris agreement signed in 2016 for global climate governance provides a clearer direction, setting the goal to achieve net zero emissions by the second half of the century. Globally, most countries have carbon peak carbon neutrality as a national strategy or policy goal. Both the volume and thoroughness of research studies are expected to improve further.
3.2 Distribution of core authors, institutions, and journals of international research
Table 1 respectively, show the top 10 authors who published the most articles in the international field of carbon peak and carbon neutrality research between 1991 and 2022. As can be seen from the Tables, in terms of international research, Chinese scholars predominate the top 10 authors of published papers, with Wei Li occupying the top position with 16 published articles. Professor Cui Qiang from Southeast University and Professor Sun Xuping from Sichuan University have both published more than 10 articles. Articles by the South Korean professor Eilhann E Kwon and the Bangladeshi scholar Muntasir Murshed, among others, were also published more frequently.
TABLE 1 | Top 10 authors in terms of international publications.
[image: Table 1]To explore the distribution and cooperation of carbon-neutral research institutions studying carbon peak, this study further generated the co-occurrence map of international research institutions in the field using CiteSpace, as is shown in Figure 2.
[image: Figure 2]FIGURE 2 | Institutional cooperation network.
The Chinese Academy of Sciences published the highest number of articles (199) in foreign journals in the institution, followed by the Tsinghua University, University of Chinese Academy of Sciences, North China Electric Power University, University of California, and University of Alto, among others. Simultaneously, the Oak Ridge National Laboratory ORNL (Oak Ridge National Laboratory), as the largest scientific and energy research laboratory under the US Department of Energy, has also thoroughly studied carbon peak and carbon neutralization, with the highest centrality (centrality = 0.29), followed by Auburn University (centrality = 0.22), Federal Institute of Technology in Lausanne (centrality = 0.18), and Chinese Academy of Sciences (centrality = 0.16). These research institutions or organizations also play an important role in carbon peak and carbon neutralization research. In general, international research in the field of carbon peak and carbon neutrality is predominantly generated from institutions of higher learning and scientific research. Foreign research institutions and academic groups form a relatively close network, which facilitates the integration of academic resources and promotes cooperative innovation and achievement output.
To analyze the distribution of journals publishing research papers on carbon-peak and carbon neutrality, the number of journal publications was counted and the top 10 journals were ranked. The results are shown in Table 2. As can be seen from Table 2, the international carbon peak and carbon neutrality research published journals are primarily well-known journals with JCR1 region and high impact factors, such as Sustainability, Journal of Cleaner Production, Energies, and Applied Energy, with 177, 153, 151, and 113 publications, respectively. The carbon peak and carbon neutrality research involves a wide range of fields, covering environmental science, energy and fuel, industrial economy, green production, sustainable development, and other fields; the research on carbon peak and carbon neutrality is complex and systematic and the realization of carbon peak and carbon neutrality goals requires interdisciplinary and multi-field cooperation.
TABLE 2 | Top 10 international journals in terms of the number of publications.
[image: Table 2]4 KNOWLEDGE BASIS AND HOT TOPIC ANALYSIS OF INTERNATIONAL RESEARCH ON CARBON PEAK AND CARBON NEUTRALITY
4.1 High co-citation analysis on international research on carbon peak and carbon neutrality
The research frontier of a certain field is believed to represent the development status of a research field; therefore, the quotations of the research frontier will form the corresponding knowledge basis. The analysis must first be performed from the knowledge base level to understand the essence of carbon neutrality research frontier at home and abroad. With the help of CiteSpace, this paper expresses the structure, hot spots, and direction of the international carbon peak and carbon neutrality research knowledge basis through the high co-citation analysis. Additionally, the paper arranges the citation times in descending order and further arranges the top ten literature information, as shown in Table 3.
TABLE 3 | Statistical analysis of highly Co-cited literature (top 15).
[image: Table 3]According to Figure 3 and Table 3, the most extensive literature on carbon neutrality is The Special Report on Global Warming of 1.5°C published by the IPCC (Change, 2018). Other core literature was mainly published between 2017 and 2020, exploring net zero-emission energy systems, biomass energy, carbon capture, carbon storage, and carbon utilization technology routes and application prospects, and China’s carbon-neutral targets.
[image: Figure 3]FIGURE 3 | Statistical analysis of highly co-cited literature.
Promoting energy system transformation has always been a key driver of carbon reduction and decarbonization. Davis SJ (2018)showed that the successful transition to future net zero emission energy systems may depend on large amounts of cheap, emission-free electricity, mechanisms which is quickly and cheaply to balance the large and uncertain timing differences between demand and generation and electrification alternatives for most fuel-using equipment, alternative materials and manufacturing processes for structural materials, and carbon-neutral fuels (Davis et al., 2018). Forest bioenergy is a good alternative to fossil fuels, but the potential of forest bioenergy to reduce greenhouse gas emissions must be balanced with the forest carbon impacts associated with biomass harvesting. Mckechnie J (2018), performed a life cycle assessment (LCA) and forest carbon analysis to evaluate the total greenhouse gas emissions of forest bioenergy over time (McKechnie et al., 2011).
In addition, negative emission technologies also play an important role in achieving climate change goals. Bui M (2018) showed that negative emission technologies also play an important role in achieving climate change goals (Bui et al., 2018). Carbon capture and storage (CCS) technologies were reviewed, and the research scope was expanded to include key negative emission technologies (NETs) and CCS (BECCS) and direct air capture (DAC) for bioenergy. Subsequently, Hepburn C (2019) further reviewed the ten ways of CO2 utilization (Hepburn et al., 2019). In addition, scientists have found that CO2 can be electrocatalytically converted into chemical materials, which could help reduce the dependence of the chemical industry on fossil fuels and potentially contribute to reducing carbon emissions. Seh et al. (2017) have discussed the design strategy of advanced heterogeneous electrocatalysts and related materials, and efforts to extend this research to new clean energy reactions and develop novel catalysts in clean energy conversion can further promote the sustainable production of fuels and chemicals. Subsequently, (Nitopi et al., 2019) (De Luna et al., 2019) have also provided new insights and perspectives for the future prospects of electrocatalysis and biocatalysis.
China is the largest energy consumer and CO2 emitter, accounting for 30% of global emissions; therefore, the attainment of carbon peak and carbon neutrality by China is of great significance. Mallapaty (2020) concluded that for China to achieve its carbon-neutral goal, it must increase electricity production and develop and expand the use of renewable energy, such as switching from gasoline cars to electric cars. And CCS should also be further developed. In the study by Shan et al. (2020), CO2 emission and energy inventories were constructed for China and its 30 provinces,which providing data support for further emission-related research and emission reduction policy formulation.
Therefore, the aforementioned high co-cited literature lays an important knowledge foundation for current and future scholars, provides potential and feasible technical routes, and indicates areas for further research.
4.2 Hot topic analysis of international research on carbon peak and carbon neutrality
Keywords reflect the central information of a document and indicate its theme. This study combined the keywords and word frequency to explore the carbon peak and carbon neutrality research field at home and abroad. Specifically, this study imported the retrieved literature information into CiteSpace; the analysis period, time slice, and Node Type were 1991–2022, 1 year, and Keywords, respectively, following which the knowledge map of foreign high-frequency keywords was obtained, as is shown in Figure 4. The analysis results showed that from 1991 to 2022, foreign carbon peak and carbon neutrality research hotspot high-frequency keywords were: energy (329 times), impact (321 times), performance (298 times), system (226 times), emission (223 times), CO2 emission (221 times), model (205 times), carbon dioxide (175 times), reduction (161 times), and conversion (160 times). According to the results of the centrality analysis, the top ten keywords with the highest centrality were: CO2 (0.52), bioma (0.24), hydrogen (0.18), storage (0.17), model (0.16), agriculture (0.16), growth (0.15), land use (0.14), water vapor exchange (0.14), and biodiesel (0.13). The current foreign carbon peak and carbon neutrality research hotspots cover many fields with broad research scope.
[image: Figure 4]FIGURE 4 | Keyword co-occurrence network.
To clearly present foreign double carbon research topics, this study used the CiteSpace software cluster analysis method to generate cluster labels and the foreign double carbon research topic cluster map, as shown in Figure 5. Combined with the software export “cluster theme information summary table.” Foreign carbon peak and carbon neutrality research topics contained the keywords “water (water),” “conversion (transformation),” “CO2 reduction (CO2 reduction),” “extreme learning machine (extreme learning machine),” “model (model),” “IGCC (overall coal gasification combined cycle power generation system),” “oxide (oxide),” “economic growth (economic growth),” “renewable energy (renewable energy),” and 20 other clusters. Different degrees of the intersection of the study subject under each cluster existed. After a Secondary reading and an inductive summary, international research on carbon neutrality can be roughly summarized into five areas, including carbon peak attainment, carbon neutralization technology, climate policy impact and performance evaluation, carbon pricing and carbon finance, citizen participation attitude and behavior, climate governance, and global cooperation.
[image: Figure 5]FIGURE 5 | Keyword clustering graph.
4.2.1 Field 1. Technologies to achieve carbon peak and carbon neutrality
The prominent keywords in this field were “conversion,” “energy consumption,” “biomass,” “fuel,” “renewable energy,” “hydrogen energy,” and “electrochemical reduction.” Technological innovation is key to achieving carbon neutrality. To achieve the goals of carbon peak and carbon neutrality, we should understand and adapt to the natural conditions of the earth, and technically, we need to grasp the two key routes of “energy saving and carbon emission reduction” and “carbon sequestration and carbon sinks expansion.”
Energy conservation and carbon emission reduction mainly rely on technological innovation and low-carbon production to promote energy efficiency and zero carbonization of energy systems. Energy efficiency improvement technologies include the use of energy-saving equipment, energy echelon utilization, and circular economy realization, such as the use of hydrogen injection in the steel industry, solid biomass replacement, zero-carbon power replacement, and other technologies (Fan and Friedmann, 2021). While solar and wind energy, hydropower, and other renewable sources are regarded as reliable alternatives to traditional energy. Besides, Biomass is a rich and carbon-neutral renewable energy source (Dhyani and Bhaskar, 2018) and could help reduce global warming when used as a substitute for fossil fuels. Additionally, biomass can be used to generate electricity and heat, produce fuels, and make bio-based and chemical materials (McKendry, 2002a). Currently, research on biomass mainly includes the background principle of biomass energy development and utilization (McKendry, 2002b; Cherubini, 2010; Srivastava et al., 2021), biomass energy development and utilization technology (McKendry, 2002c; Dhyani and Bhaskar, 2018; Boujjat et al., 2020; Pattanayak et al., 2020), biomass energy development and utilization prospects (Demirbas, 2005; Dutta et al., 2014; Kwon et al., 2015; Ma et al., 2021; Wang et al., 2021), and the impact of using biomass energy on the environment and society (Cherubini et al., 2011; Mäkipää et al., 2015; Majava et al., 2022; Yang et al., 2022).
“Carbon sequestration and carbon sinks expansion” can primarily be achieved through carbon sequestration and ecological carbon sequestration, with NETs being the most important. NETs mainly involve an ecological carbon sink, carbon capture, carbon utilization, and carbon storage technology (CCUS), BECCS, and DAC. Firstly,forest, grassland, lakes, green space, and wetlands can serve as ecological carbon sinks, which can help absorb and store green carbon; blue carbon reserves in mangroves, salt marsh wetlands, and seaweed beds can also be enriched (Man et al., 2021; Liu et al., 2022a). Secondly,CCUS is important for potentially reducing emissions, is important in reducing carbon emissions and promoting industrial decarbonization, and has attracted international research attention (Bui et al., 2018). CCUS involves separating CO2 from industrial or related emission sources and storing it in the natural basement layer for a prolonged period, thus reducing greenhouse gas emissions (Asif et al., 2018). The current deployment of CCUS technology lags behind global expectations, and the large-scale commercialization of CCUS technology also faces high project failure rates and a lack of financial support and market stimulus, in addition to insufficient geological potential exploration with incomplete regulatory frameworks and risk-sharing mechanisms (Chen et al., 2022). Thirdly,BECCS is a combination of biomass energy and CCS technology to achieve negative CO2 emissions. The model analysis performed by Fajardy and Mac Dowell (2017) showed that BECCS is a reliable choice to permanently and sustainably remove atmospheric CO2. Additionally DAC refers to the technique of extracting CO2 directly from the atmosphere. CO2 can be stored in deep geological structures or used in industrial production. (Shi et al., 2022). DAC is an ideal negative emission technology; however, large-scale deployment is difficult to achieve due to the high cost and small market demand.
4.2.2 Field 2. Climate policy impact and performance evaluation
The keywords in this field were: “policy,” “impact,” “performance,” “reduction,” and “economic growth,” and the related papers discussed the policy effect and impact assessment of climate policy. In view of impact evaluation of environmental policy, (Chen and Lin, 2021)pointed out that the policy can significantly improve carbon/energy-carbon performance, promote green technology innovation, promote the development of emission reduction technology, and thereby achieve the strategic goal of carbon peak and carbon neutrality. Liu et al. (2022b) discussed the impact of low carbon policy on the green development of China’s manufacturing industry. The results showed that implementing a low-carbon policy can significantly reduce pollutants and improve production efficiency. In addition, manufacturers usually use recycling to reduce emissions rather than restrictions or production cuts. Through empirical analysis, the study by He et al. (2021) explored how the national climate policy affects the impact of enterprise carbon reduction investment (CAI). The study also found that national climate policies can stimulate individuals and businesses to regulate and innovate rather than only follow policy regulations.
Some scholars have demonstrated the impact of policies such as low-carbon cities and innovative cities on carbon emissions based on the urban development perspective of. (Du et al., 2022) empirically verified that low-carbon urban policies can significantly improve carbon emission efficiency by optimizing resource allocation, energy conservation, and green technology innovation, and the effect of pilot policies is radiation. The impact on carbon emission efficiency may vary according to urban differences. Using a quasi-natural experiment, (Yang and Shi, 2022) shown that innovative cities are conducive to reducing the carbon emission intensity of enterprises and have a more significant impact on private enterprises, non-export-oriented enterprises, polluting enterprises, and capital-intensive enterprises. Considering the perspective of a civilized city. Qi et al. (2022) found that the civilized city policy considerably promotes the enterprise’s ESG performance and has a stronger effect on promoting state-owned enterprises, which was further amplified by media attention.
Furthermore,Some scholars have investigated, reviewed, and sorted out relevant national climate policy measures from the perspective of policy implementation. Through interviews, (Yangka et al., 2019) studied the Bhutan carbon-neutral climate policy formulation and implementation process and identified twelve key themes, including carbon neutrality, gross national happiness, and sustainable development goals policy framework, which allowed Bhutan to achieve carbon-neutral goals. The results would also be useful for other countries working towards carbon neutrality.
4.2.3 Field 3. Carbon pricing and carbon finance
The keywords in this field included: “carbon finance,” “carbon trading market,” “carbon trading mode,” “carbon emission trading,” and “clean development mechanism.” Carbon pricing plays an important role in regulating the peak of carbon emissions (Duan et al., 2018). Carbon financial market is the general term for greenhouse gas emission trading and its related financial activities and transactions. Ren et al. (2018) explained that different types of environmental regulation show different effects on ecological efficiency. In contrast, the market has more advantages than administrative control and is conducive to improving ecological efficiency, promoting green technology innovation, and mobilizing the enthusiasm of economic subjects. As the core of the carbon financial system, the carbon emission trading mechanism is a market-oriented carbon emission reduction process, which can effectively reduce carbon emissions and environmental pollution. The carbon emission quota allocation is central to the stable operation of the carbon market. According to the actual delivery of carbon credit units in the trading process, the carbon emission right trading market can be divided into two categories: the quota (allowance) market under the “total-trading” (cap and trade) mechanism and the market with the carbon credit unit trading generated by the project (the project market). The key to implementing the total amount trading quota market is determining the total amount and the initial quota allocation. eduction transaction generated through the state-to-state cooperative emission reduction plan. After calculating the actual emission volume, if the actual emission is less than the baseline, it can be sold after verification (Carmona et al., 2010).
Additionally, an important way to reduce carbon emission reduction is to participate in carbon emission right trading, and the individual carbon trading mechanism is an important means to reduce carbon emissions at the consumer end. Fawcett (2010) showed that implementing individual carbon trading will damage the welfare of high-income groups and increase the welfare of low-income groups, which will help to promote social equity. The paper by Fleming (2005) proposed that for individual carbon emission trading in China, the government organization sets carbon emission reduction targets and distributes the quotas to consumers and institutions, thereby encouraging consumers to take the initiative to reduce carbon emissions through the market trading mechanism. By comparing the public acceptability of individual carbon trading and carbon tax, (Bristow et al., 2010) pointed out that establishing an individual carbon trading mechanism requires considering individual carbon account management, market operation, regulation, license distribution, and trading costs.
4.2.4 Field 4. Citizen participation and behavior
This field included the words “personal carbon trading,” “behavior,” “stakeholders,” and “consumption.” Coping with climate change is a common challenge for all humankind. Energy consumption and carbon emissions due to personal requirements are important sources of global greenhouse gas emissions. Therefore, a sound personal carbon trading mechanism is an effective solution to reduce greenhouse gas emissions (Zhang and Feng, 2022). More scholars are studying the impact of individuals on the effect of carbon emission reduction, mainly including the individual consumption of carbon emission measures, individual carbon emissions, and the impact of low-carbon policies on residents’ low-carbon behavior. Understanding individual preferences and how they affect energy-related behaviors is critical. Itaoka et al. (2022) investigated household consumer preferences and behaviors for changing their energy supply companies. The policy impacts identified include the need to increase energy options and determine the economic and environmental benefits of market participation. Cheng A W (2022) (Cheng and Lee, 2022) found that while both the internal psychosocial variables and external socioeconomic background were positively associated with the behaviors supporting the energy transition, psychosocial variables had a greater impact on the individual participation in the energy transition. Citizens abide by relevant policies or make energy transition easier than when the government enforces requirements. Quimby and Angelique (2011) found that individual environmental behaviors can be influenced by psychological factors, situational factors, and sociodemographic characteristics. Psychological factors including attitude, environmental values, and environmental responsibility awareness; situational factors include interpersonal influence, social norms, laws and regulations, and environmental pollution status; and social and demographic characteristics mainly include the influence of age, income, gender, education level, and family size on citizens’ environmental behavior.
4.2.5 Field 5. Climate governance and global cooperation
The field includes “Climate change,” “Climate Policy,” “Global Governance,” and “Environmental Policy.” Climate change is a typical global public problem involving a wide range and high socioeconomic impact. It requires the active participation of various governments, international organizations, non-governmental organizations, and individual citizens (Nordhaus, 2015). Therefore, to address and solve global environmental problems, multiple global environmental entities must be developed and a global multi-center environmental governance mechanism designed. At the international level, the UNFCCC of 1992 and the 2016 Paris agreement addressed the need for mitigation and adaptation to climate change and formulated the overall rules. In this context, transnational climate governance (TCG), local urban climate governance, and the involvement of non-governmental organizations and public climate governance action also gradually increased (Tan et al., 2022). Based on the perspective of transnational climate governance and cooperation, (Da Zhu, 2022) built the climate policy and climate cooperation model of China, the United States, and the European Union, and to predict that the most balanced choice is the strategic combination of collective cooperation. To some extent, humankind has formed a joint force of decarbonization, and more countries and regions should be part of this in the future.
From the perspective of international organizations and public participation, from the end of the 20th century to the beginning of this century, many international organizations have introduced a series of plans and strategies to tackle international climate change, involving many aspects of natural science and social science (Biermann, 2007). The International Biodiversity Program (DIVERSTAS), International Geosphere-Biosphere Program (IGBP), World Climate Research Program (WCRP), and International Human Factors Program for Global Environmental Change (IHDP) are aimed at strengthening cooperation by establishing an overall Earth systems science partnership. The 2016 Paris Agreement included all countries in a community with a shared future to protect the earth’s ecology and ensure human development, including all national commitments to reduce emissions and make joint efforts to adapt to climate change The conclusion of the Paris Agreement indicates that global climate governance has entered a new stage of a coordinated response to climate change through state-determined contributions. The World Environment Day 2022 saw the participation of more than 150 countries, including governments, businesses, civil society, schools, celebrities, cities, and communities, raising awareness and celebrating environmental initiatives and increasing the depth and breadth of environmental governance initiatives.
5 RESEARCH CONCLUSIONS AND RECOMMENDATIONS
5.1 Research conclusions
This paper summarizes and analyzes the current research status and hot topics of international literature in the field of carbon peaking and carbon neutrality using the literature selected from the Web of science core collection database as a research sample, and proposes the development directions and trends of future research. Specific research findings are as follows.
From the perspective of time distribution, the amount of research published on carbon peak attainment and carbon neutrality has gone through three development stages from 1991 to the present, with an overall upward trend. Overall, the current research is flourishing, with increasing attention being paid to carbon-neutral research. The research in this field has broad prospects and strong theoretical and practical value.
From the perspective of spatial distribution, the research institutions are mainly universities and research institutes and the research force is mainly concentrated in developed countries, and the number of publications from developing countries represented by China is also increasing daily, showing a general multi-polar development trend. From the perspective of the distribution of research fields, the current research is mainly in the field of natural science, including energy, economy, production, and environment.
From the perspective of research hotspots, The International Carbon peaking and carbon neutrality study covers four aspects: technologies to achieve carbon peaking and carbon neutrality, climate policy impact and performance evaluation, carbon pricing and carbon finance, Citizen participation and behavior, and climate governance and global cooperation. Overall, its overall study can include four core scientific questions, which are basic scientific research on carbon peaking and carbon neutral targets (greenhouse gas emissions, carbon footprint, energy efficiency, carbon sinks, etc.), carbon neutral technology innovation and application (new energy technologies, energy conservation and emission reduction technologies, negative emission technologies, energy restructuring, etc.), carbon peaking and carbon neutral policies and policy tools (policies,carbon pricing, carbon financial system, green innovation system, etc.), as well as climate change and global governance (collaborative governance, international cooperation, etc.).
In general, the existing studies still have the following shortcomings: First, the existing studies on the theory and practice of carbon neutrality are still in a fragmented state, lacking a systematic construction of the goals and practices of carbon neutrality and a comprehensive interpretation of the specific steps. Secondly, the cooperation of existing research authors and research institutions is fragmented and lacks cross-organizational and cross-regional cooperation. Thirdly, the existing research focuses more on technical aspects. This fails to explain the overall research status in the field of carbon peak and carbon neutralization. And there are few studies on how to introduce climate policies and technical specifications for the national to promote the achievement of the goal of carbon neutrality.
5.2 Recommendations and prospects

(1) To construct an integrative research framework for carbon peaking and carbon neutrality research. In future research, an integrated and systematic research framework should be established from the scientific basis and data support, carbon peak neutrality and path selection, strategic objectives and management mechanisms, energy structure remodeling, industrial structure upgrading, and ecological environment optimization, to provide theoretical reference for subsequent research. Moreover, future research should combine theoretical research with the actual needs of countries, explore how to achieve climate governance goals for different countries and countries at different stages of development, so as to provide basic, prospective, and leading guidance for relevant countries.
(2) Further, the research perspective requires to be expanded and the research cooperation deepened. The realization of carbon neutrality urgently needs the comprehensive support of professionals and industries in natural science, technology, humanities, and social sciences. Therefore, follow-up research should more actively promote the integration of multidisciplinary perspectives. Furthermore, sustainable development and environmental issues are global problems, which require the active participation of governments, institutions, organizations, and citizens to form a stable global scientific research cooperation force. Relevant countries and government departments should actively establish cross-national and cross-departmental coordination and cooperation mechanisms, cooperate with government organizations, international institutions, universities, research institutes, and industries, and consider multidisciplinary integration schemes under the carbon neutrality goal to develop good governance policies with both theoretical and practical value.
(3) A comprehensive and coherent environmental policy framework must be established,which forms policy “combinations". At the macro level, the state and government should incorporate low carbon development into the overall framework of national development, formulate and update the overall strategy and roadmap for national carbon peaking and carbon neutral, determine different development goals and specific tasks according to the characteristics of different industry sectors, and strengthen the policy synergy in science and technology innovation, finance and taxation, energy and ecological environment. Simultaneously, a policy consultation and evaluation system of the government, enterprises, and scientific research institutions should also be established to evaluate and supervise policy formulation, policy implementation, and governance performance. In the middle level, a policy toolbox must be formed, which actively issues supporting laws and regulations and other mandatory policies, improves the innovation of climate change investment and financing systems, carbon emissions trading system, provides financial subsidies, such as economic policy, and energy efficiency identification, energy audit, carbon emission information publicity policy, give full play to the regulation policy tools, economic policy tools, and information policy tools to promote the combination of enterprise green transformation. At the micro level, the concept of low-carbon life must be popularized among the public, and the individual initiative of energy conservation and emission reduction must be encouraged. Specifically, citizens can be guided to form a green, low-carbon, and economical lifestyle by building low-carbon communities, zero-carbon buildings, zero-carbon travel, household carbon classification and subsidizing low-carbon products, and forming a new situation of carbon peak and carbon-neutral governance in which everyone participates and contributes.
(4) Carbon peak and carbon neutralization technology should be innovated and popularized. High-quality technological innovation is central to achieving the carbon peak and carbon-neutral target. In the future, research, enterprises, scientific research institutions, universities, and other innovation subjects should further research and innovate on green and low-carbon technologies such as energy conservation and emission reduction, new energy, negative emission, and carbon capture and storage. At the national top-level design level, an atmosphere should also be formed to ensure technological innovation and lead technological innovation, and encourage and promote breakthroughs in cutting-edge technologies, disruptive technologies, and original, innovative technologies of the new generation of renewable energy, green hydrogen, energy storage, and smart energy through resource-oriented and scientific research projects. We should also support the transformation and application of scientific and technological achievements of green innovation technologies, guide the establishment of socialized, professional, and market-oriented technology trading service systems, and promote the “of scientific and technological innovation achievements from the laboratory” to the real carbon peak and carbon-neutral practice.
5.3 Theoretical contributions and research limitations
This paper analyzes the international carbon peaking and carbon neutral literature and presents the current status, hot keywords and topic distribution of international carbon neutral research in the field of carbon mitigation, revealing the knowledge base and research frontier of international carbon mitigation research, and identifying the theoretical basis for subsequent research. This paper also illustrate the development direction of carbon neutral technologies and policies, which can help enterprises to make strategic decisions, determine the direction of technology R&D and investment, stimulate innovation, and promote the deepening of research in carbon neutral technologies, as well as provide useful references for relevant countries to formulate carbon neutral strategic goals and action plans. However, there are some limitations in this study: First, the sample data of this study are mainly from the WOS core collection database, and the review article, books and conferences are excluded, so some literature on the topic of carbon neutral research may be neglected. Future research can use multiple databases for analysis, so as to enhance the credibility of research conclusions. Second, due to the limitation of current research tools, it is not possible to effectively handle the econometric analysis of cross-lingual literature. Future research on literature on carbon neutral related topics may have better research tools or research methods that can handle multilingual and large sample data, thus further enhancing the reliability and accuracy of research conclusions.
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